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Endoscopy has had a major impact in the development of modern medicine and 
other medical specialties. The field of endoscopic procedure has developed over the 

last decade. By using different data it provided a better understanding of pathogenic 
mechanisms, described new entities and used for early detection, diagnostic 

procedures and therapeutic procedures. The advantages of many technical advances 
and modern endoscopic equipments, endoscopy has had a developed spectacularly. 

Consequently, endoscopy has surpassed its function as an examination tool 
and it became a rapid and efficient therapeutic tool of various organs including 

gastrointestinal tract, head and neck, respiratory tract and others. The efficacy and 
usefulness of endoscopy has yet been established.
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Preface

Endoscopy is a fast moving field, and new techniques are constantly emerging. Flexible endos‐
copy became the principal investigational tool of the pathological abnormalities with great im‐
pact on modern medicine. In recent decades, endoscopy has evolved and branched out from a
visual diagnostic modality, to enhanced video and computer assisted imaging, with impressive
interventional capabilities. Some new endoscopic techniques will be too complex or expensive
to make the leap into general practice, others already show major progress in the management
of diseases. Modern endoscopy has seen advances not only in the types of endoscopes availa‐
ble, but also the types of interventions amenable to the endoscopic approach. As in any field,
demands of service delivery by conventional equipment and newer, more glamorous, and usu‐
ally more expensive technologies are often in competition.

Modern endoscopic equipment provides us with the benefit of many technical advances. New
video-endoscopes, magnification endoscopes and confocal of narrow band imaging endoscopes
emerged. An increased knowledge of normal and pathologic endoscopic patterns has been in‐
creasing in the last decades. Endoscopy is an effective and safe procedure even in special popu‐
lations including pediatric patients, pregnant patients and liver transplant patients. It served as
the tool for diagnosis and therapeutic interventions of many organs including gastrointestinal
tract, head and neck, respiratory tract and others. In this book the authors will discuss some of
the emerging techniques and technologies used to increase the diagnostic and therapeutic yield
in the various organs.

The contributions in this book are very valuable. InTech Open Access Publisher selected several
known names from many countries with different levels of development. Multiple specific
points of view were presented together with various topics regarding diagnostic or therapeutic
endoscopy. The readers can take into consideration of practical knowledge in the endoscopic
field. This book actually represents a valuable tool for formation and continuous medical edu‐
cation in the endoscopy considering the performances or technical possibilities in different
parts of the world.

I very much appreciate and thank to all authors of this book. Many thanks to InTech Open Ac‐
cess Publisher which offered me the possibility of editing this attractive book. It was a real
pleasure to read such interesting works by so many experts from all over the world. Finally, I
also thank Ms. Iva Simcic for her perfect, prompt and efficient co-operation.

Assoc. Prof. Somchai Amornyotin MD, FRCAT
Department of Anesthesiology and Siriraj GI Endoscopy Center

Faculty of Medicine Siriraj Hospital
Mahidol University, Bangkok, Thailand
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Chapter 1

Endoscopy and Histopathology

Karel Geboes, Karen Geboes and
Anne Jouret-Mourin

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52739

1. Introduction

Endoscopy and histopathology are two morphological diagnostic procedures which allow
direct examination of organs with optical methods. They can detect abnormalities of the
normal anatomy and histology and provide a precise diagnosis. Based on the information
derived from these investigations an adequate treatment, either medical or surgical can be
proposed. The optical resolution of both methods is different. Classical endoscopy is using
essentially the naked eye observation of the tissue which allows a diagnosis of an ulcer or a
raised lesion for instance, while histopathology is reaching the cellular and sub-cellular level.
The new endoscopic techniques however do increase the optical resolution. The major
contributions of histopathology to endoscopy are situated in inflammatory and neoplastic
diseases. Histopathology allows a more precise diagnosis of the type of inflammation and a
better classification of tumours. This has again an impact upon treatment. For the diagnosis,
histopathology can be an essential element, as illustrated by gluten sensitive enteropathy
(although serology is also an essential element) or by identification of specific pathogens such
as Giardia lamblia, Mycobacterium avium, cryptosporidia.... Histopathology can further be
important for the confirmation of a diagnosis but very often it will provide a more precise
diagnosis by determining the aetiology of inflammation as illustrated by autoimmune gastritis,
or by typing a tumour (adenocarcinoma or lymphoma). In addition, histopathology can
provide essential elements for further therapy strategy by demonstrating the presence or
absence of risk factors for residual tumour in polypectomy or endoscopic mucosal resection.
Indirectly, it offers the possibility of using additional techniques such as biomarkers for
dysplasia and cancer or the demonstration of mutations such as KRAS in colorectal cancer or
HER2 amplification in oesophageal and gastric cancer.[1, 2].These applications can have
important therapeutic consequences. It has been shown for instance that activating mutations
of the KRAS gene are associated with poor response to anti-EGFR therapies and that patients

© 2013 Geboes et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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with tumors that had high levels of HER2 protein expression derived the greatest benefit from
treatment with trastuzumab..

2. What is the influence of endoscopy on the diagnostic yield of
histopathology?

2.1. General requirements for the endoscopist and the pathologist

A close collaboration between the endoscopist and the pathologist is essential for an accurate
diagnosis. This imposes on each of the partners some constraints.

Overall the endoscopist should provide the pathologists with a copy of the endoscopy report
mentioning the sites of the biopsies, a macroscopic description of the lesions if present and the
adjacent mucosa and essential clinical information such as the age of the patient, the immune
status of the patient, duration of symptoms and treatment if any.

The pathologist should provide information of the quality of the biopsies (number and size
and depth of the samples) in order to avoid false conclusions, a degree of probability of his
initial diagnosis and if needed suggest particular conditions for further sampling or ancillary
techniques such as immune histochemistry. Contentious cases should be selected for clinic
pathological discussion.[3]

2.2. Sampling of biopsies

The diagnostic yield of histopathology depends upon the experience of the pathologist but
also upon the quality of the biopsy samples and sampling error. The quality of the samples is
influenced by a variety of elements such as the size and shape of the biopsy forceps, the nature
and location of the disease, the experience of the endoscopist and the number of samples.
During endoscopy samples can be obtained by way of different techniques. These include
pinch biopsy, suction biopsy with a multipurpose tube (which provides larger samples), brush
cytology, endoscopic fine needle aspiration (offering material from deep areas in the lesion)
and snare excision or strip biopsy.

Pinch biopsy is the most common technique. Several types of biopsy forceps are available. A
distinction can be made between those with elliptical and those with round cups. Generally
the samples obtained with elliptical cups are larger. A forceps with round cups may be more
appropriate for children in order to avoid complications. The size of the biopsy forceps
determines partly the size (surface and depth) of the samples. The small forceps has a width
of 1.8 mm when opened. The average forceps has a 2.4 mm diameter and allows to obtain
samples containing the muscularis mucosae (and upper submucosa) in 60% of the cases. The
larger Jumbo forceps has a 3.4 mm diameter. Samples obtained with this forceps are larger,
but, they usually contain not more submucosa and the risk of complications (perforation and
bleeding) may be more important, whereas it is minimal with the smaller forceps (if the patient
has normal coagulation). A forceps can have a central spike so that it stays in position in the

Endoscopy4

mucosa, during the procedure. The spike can induce artefacts which should not be confused
with erosions.

The anatomic location or certain types of lesions may be the reason why samples are of less
good quality or superficial in nature. This is often so in areas immediately distal to a stricture,
and at the papilla of Vater in the duodenum. The extrahepatic bile ducts and the pancreatic
duct are other areas where biopsies are more difficult to obtain and hence usually smaller. If
the biopsies of the papilla are taken following sphincterotomy, coagulation artefacts are likely
to be present.

In  order  to  obtain  samples  of  appropriate  depth  air  insufflation  during  the  endoscopic
examination should be limited. When over-insufflation occurs the mucosa is stretched and
pushed towards the underlying submucosa and the samples are likely to be more superficial.

The samples obtained with a forceps are usually limited to the mucosa. Normally they are not
suitable for the assessment of submucosal or deeper lesions. This means that they are not good
for instance for a diagnosis of “vasculitis”, except for small vessel disease. By the use of a
"burrowing technique" whereby several biopsies are taken in the same area information of
deeply situated lesions can eventually be obtained. An alternative are samples obtained with
endoscopic ultrasound guided fine needle aspiration. They are usually smaller but they permit
both morphologic and cytologic analysis of lesions within or adjacent to the gastrointestinal
(GI) tract. They can be used for the assessment of neoplastic lesions, but because of the small
size, they are not good for conditions such as vasculitis.[4]

2.3. Larger samples

Larger samples are obtained with endoscopic mucosal resection (EMR) or endoscopical
submucosal resection (ESD) and snare polypectomy. These samples must be handled
adequately by the endoscopist or/and in the pathology lab. The histopathological interpreta‐
tion of these samples provides important information for subsequent management and
assessment of the risk for residual cancer. A correct diagnostic process involves, tumour
differentiation, precise determination of deep infiltration, lymphatic permeation and adequate
determination of the section margin. Identification of this area is easy if the lesion is adequately
oriented. In the case of polypectomy, the endoscopist could identify the section margin with
India ink or with a pin if the lesion is removed in one piece. The specimen will be cut along
the marker. (Fig. 1) In the case of EMR /ESD, ideally, the specimen should be oriented, pinned
and stretched on card board in the endoscopy unit.(Fig 2) If the specimen is not removed in
one piece, reconstruction of the specimens should be attempted. Painting of the base and
margins is useful, as tumour extension to the deep margin implies surgery and remnants of
the neoplastic epithelium at the lateral margins indicate re-excision or postoperative
destruction.[5, 6] Good communication between the pathologist and the clinicians is important
for the assessment of the efficacy of the treatment and for the design of the strategy of the
additional treatment which is based upon the depth of invasion of the lesion. If the resection
has been performed in piecemeal fashion and the specimen is received in two or more
fragments, it may be impossible to determine the true margin of resection, if the endoscopist
did not attempt to identify the true margin or placed the true margin in a separate container.[7]
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fragments, it may be impossible to determine the true margin of resection, if the endoscopist
did not attempt to identify the true margin or placed the true margin in a separate container.[7]

Endoscopy and Histopathology
http://dx.doi.org/10.5772/52739

5



(A) 

(B

Figure 1. Polypectomy specimen correctly oriented using a needle showing the top (upper right) and the base (lower
right) (A) and cut along the orientation (B)
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Figure 2. Specimen from endoscopic mucosal resection pinned out and stretched (A) and cut at all levels (B)
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2.4. Endoscopic ultrasound-guided fine-needle aspiration biopsy

Endoscopic ultrasound guided fine needle aspiration has become the most accurate modality
for characterization of pancreatic cystic and solid lesions, differential diagnosis of indetermi‐
nate masses and locoregional staging of some digestive cancers (gastric, oesophagus, pancreas,
biliary tract…). It should be performed in the primary mass but also in distant lymph nodes,
or metastatic locations. EUS-FNA has a high sensitivity, specificity, positive predictive value
and accuracy in the assessment of biliopancreatic tumours. The performance of this technique
is dependent on the endoscopist and cytopathologist experience. It is well known that accuracy
of FNA increases when the technique is performed by an experienced clinician and when the
slides are reviewed by an experienced cytopathologist the collaboration between these two
physicians is also very important.[8]

2.5. Number of samples

Several studies have shown that the diagnostic yield of histopathology is increased and
sampling error is decreased by increasing the number of biopsies. This has been demonstrated
for inflammatory diseases such as chronic idiopathic inflammatory bowel diseases (IBD) and
for neoplastic diseases.[9] Therefore different guidelines for endoscopic sampling in various
diseases have been developed.[10-12] ECCO guidelines propose to obtain “multiple” biopsies
from five sites around the colon (including the rectum) and the ileum for a reliable diagnosis
of Crohn’s disease. Multiple biopsies imply a minimum of two samples from each site (Table)
This is also true for a diagnosis of collagenous or lymphocytic colitis. Thickening of the
subepithelial collagen table in collagenous colitis is indeed not homogeneous. Such guidelines
are very important in clinical practice. They limit sampling error and compensate for the small
size of the samples. However, the introduction of new technologies and modern endoscopes
including zoom endoscopy, high magnification endoscopy and more sophisticated techniques
such as laser-scanning confocal endoscopy and endo-cytoscopy (microscope incorporated in
the endoscope) will change practice in the future by offering the possibility of targeted biopsies.
In a recent study at our institute, chromo endoscopy (CE) and narrow band imaging (NBI)
were used to detect dysplasia in ulcerative colitis. A total of 268 raised lesions were detected
in 83 patients (156 lesions in 45 patients with CE and 112 lesions in 38 patients with NBI). On
histology, 44 were shown to be neoplastic (26 lesions in 10 patients with CE and 18 lesions in
12 patients with NBI): 1 adenocarcinoma, 1 high grade dysplasia, 2 dysplasia associated lesion
or mass, and 17 adenoma like mass. The new endoscopic techniques are also narrowing the
gap between endoscopy and pathology. Laser scanning endoscopy provides a microscopy-
level image without obtaining a biopsy specimen. Endo-cytoscopy is based on the technology
of light contact microscopy. The tip of an endoscope is placed in direct contact with a dye-
stained surface and then the surface is scanned with condensed normal white light, producing
cellular-level imaging. Laser endoscopy increases the real time diagnostic yield and can be
used to confirm dysplasia with high accuracy. Bio-endoscopy is another technique under
consideration. It involves the use of monoclonal antibodies labelled with a fluorescent tag of
reporter probes (molecules that enter cells) or fluorescent DNA probes for FISH in order to
detect in situ molecular changes or chromosomal instability.[13-16]
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Table 1. Recommendations for biopsy strategies in inflammatory conditions of the gastrointestinal tract

While these new techniques can offer real time images and diagnosis, the interpretation of the
images still depends on the morphological features of the lesions, as observed with microscopy
and some lesions like sessile serrated adenomas are still beyond the reach of real time
diagnosis. The endoscopist must therefore have a thorough knowledge of pathology.

3. Specimen handling

Specimen handling should be done carefully in order to allow optimal diagnostic work up. It
implies proper identification of the patient, including the age, specification of the site of origin,
fixation and in some instances, orientation. Adequate fixation by an appropriate fixative is
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central to any histological preparation. Tissue that is inadequately fixed will lead to difficulties
for cutting, staining and performing ancillary tests. These problems are not correctable in a
later stage. Unfortunately there is no "all purpose" fixative. The choice of the appropriate
fixative is based on the type of tissue being fixed and on projected needs for ancillary tests,
such as special stains, immune histochemistry, in situ hybridization, and electron microscopy.
Routine Haematoxylin and eosin staining of multiple sections is adequate in most cases but
insufficient in particular situations such as a diagnosis of Hirschsprung's disease or metabolic
storage disorders.(Fig 3) For such indications freshly frozen tissue for enzyme histochemistry
for the demonstration of acetylcholinesterase activity in nerves, or the identification of fat are
needed or tissue fixed in glutaraldehyde for transmission electron microscopy. If possible, the
endoscopist should be aware of the clinical indication for the biopsy, and, if necessary contact
the pathology laboratory in order to know whether a special fixation is needed. In general
formalin (10% neutral buffered formalin, i.e. a 10% v/v solution of 40% formaldehyde gas in
water) allows good fixation and application of immune histochemistry as well as molecular
analyses. Bouin fixation should therefore be “proscribed”. Furthermore it is important to
control the duration of fixation. Samples need to be immersed in the fixative immediately and
the duration of fixation can have an impact on the quality of the results of ancillary techniques
such as immune histochemistry. A minimum of 6 hours and no longer than 48 hours is
recommended for adequate molecular biology procedures such as for HER2 immune
histochemistry in gastric cancer.[17] Frozen sections will allow application of most ancillary
techniques. Freezing must be done properly (by immersion in liquid nitrogen for instance) and
quickly in order to avoid the formation of ice cristals. Rapid adequate freezing and prevention
of tissue degeneration is equally essential when molecular techniques based on DNA analysis
are considered.

Figure 3. Multiple sections from multiple endoscopic biopsies allow a more complete microscopic analysis

Proper orientation of the tissue samples is important for a correct diagnosis of malabsorptive
states such as celiac disease, where the ratio villous height – crypt depth must be assessed and
for specimens from endoscopic resections of polyps or early neoplastic lesions.

Endoscopy10

4. Immune histochemistry and other ancillary techniques

In most instances histopathology identifies the nature of the lesion or tumour. Neoplastic –
malignant - tumours are most frequently epithelial. A smaller number is neoplastic but non-
epithelial, and includes lymphoproliferative disorders and soft tissue tumors. Histopathology
is an adequate tool for solving differential diagnostic problems and typing of tumours. The
differential diagnosis between anaplastic carcinomas, large-cell lymphoma, epithelioid
stromal tumours and neuroendocrine tumours can be difficult but immunohistochemical
stainings with antibodies against cytokeratins (CK), a marker for epithelial cells, CD117 a
marker for gastrointestinal stromal tumors, chromogranin, a marker for endocrine cells and a
common leucocyte marker can solve the problem. Antibodies to intermediate filaments such
as the CKs can be potentially useful in other situations. CKs comprise a subfamily of more than
20 members. The relatively limited distribution of some CKs such as CK7 and CK20 and
examination of coordinate expression of these two CKs can help in the differential diagnosis
of carcinomas of unknown primary site.(Fig. 4)

Figure 4. Microphotograph showing a rectal biopsy with Cytokeratin 7 positive immunohistochemistry demonstrating
the presence of a breast cancer metastasis.

Immune histochemistry and cytogenetic analysis is essential for the management of
lymphomas. Primary intestinal lymphomas should be sub-typed in B cell and T cell
malignancies and classified according internationally validated classifications such as the
recently published WHO.

Evaluating the proliferation fraction of the tumour cells using a marker such as Ki67 or MIB1
may provide some additional information on the biological behaviour of lymphomas. This is
also true for endocrine tumours and gastrointestinal stromal tumours. Further ancillary
techniques may include staining with antibodies against p53 for Barret’s oesophagus or colitis-
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associated dysplasia. Currently a number of markers are under investigation for a more
accurate identification of early neoplasia.

Histochemistry (histological special stains) searching for mucins or other substances, and
occasionally electron microscopy and genetic markers can also be applied on biopsy samples.
Many stainings can be performed on routinely formalin fixed material. Increasingly there is
some overlap, between immune histochemistry and molecular techniques since genetic
markers can be demonstrated also by immune histochemistry. This is for instance true for
large-bowel cancers with microsatellite instability (MS), where the products of the DNA repair
genes hMLH1, hMSH2 and MSH6, or the lack of them, can be demonstrated immune
histochemically. These products do not however cover the whole range of MS. DNA or RNA
extraction and genetic analysis remains important and there may even be a growing need.

5. The oesophagus

5.1. Inflammatory conditions

At  present,  there  is  no  ideal  scenario  for  a  biopsy  series  for  the  diagnosis  of  gastro-
oesophageal reflux disease (GORD). In general, it is accepted that changes in the squamous
mucosa are usually found in the distal oesophagus close to the squamo-columnar junction.
Biopsies from the squamous mucosa should be completed with biopsies from the cardia.
Histological changes indicative of gastro-oesophageal reflux are indeed found at both sides
of  the  squamo-columnar  junction.[18-21]  The diagnosis  of  this  condition,  called carditis,
which  occurs  in  the  absence  of  signs  of  gastritis  in  the  antrum  and  corpus  due  to
Helicobacter pylori or other causes of gastritis implies also biopsies of antrum and corpus
in order to exclude the presence of these causes. A biopsy run for GORD should therefore
ideally include samples from the distal oesophagus, particularly from the Z-line and at 2
cm above, from the cardia distal to the Z-line and from the stomach.[22, 23] However, in
most cases, peptic oesophagitis due to GORD - the most common inflammatory condition
of the oesophagus - does not require biopsy diagnosis for those patients presenting with
typical symptoms and macroscopic endoscopic alterations.[24]

Biopsies are mainly useful in patients presenting with normal endoscopy and abnormal acid
exposure (non-erosive reflux disease – NERD), in patients with typical symptoms and normal
endoscopy and pH-metry or in patients with atypical symptoms. The presence of “dilated
intercellular spaces (DIS)” or of a combination of DIS with other microscopic features such as
basal zone hyperplasia observed in GORD may confirm the suspected diagnosis of reflux.[21]
There are however several other types of oesophagitis. The presence of an intense eosinophil
infiltration must orient towards a diagnosis of eosinophilic oesophagitis. Eosinophilic
oesophagitis can present a typical endoscopic pattern known as “ringed oesophagus” but the
oesophagus can appear normal in up to 20% of the patients. It is important to recognise that
the eosinophilic infiltration may have a heterogeneous distribution within the oesophagus.
Therefore, when considering eosinophilic oesophagitis, it is critical to have biopsies from
multiple areas, including the distal, mid, and proximal oesophagus.[25] Biopsies of the
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oesophagus are further indicated in the presence of oesophageal ulcers, erosions or an atypical
aspect or topography and whenever an infectious aetiology is suspected. They can help to
identify infections such as moniliasis, herpes and cytomegalovirus disease. (Fig. 5)

Figure 5. Gastric biopsy showing several Cytomegalovirus nuclear inclusions

Barrett's  oesophagus presents  a  special  problem.  One definition of  Barrett’s  oesophagus
implies  “endoscopic  abnormalities  suggestive  of  Barrett’s  oesophagus  (endoscopically
suspected oesophageal metaplasia) and the presence of columnar epithelium in biopsies.
Barrett’s oesophagus is a preneoplastic condition.[26] Effective management of the risk for
oesophageal adenocarcinoma in Barrett’s oesophagus requires precise detection of intestinal-
type metaplasia and dysplasia. The detection of intestinal metaplasia is subject to significant
sampling  error.[27]  (Fig.  6)  Intestinal  metaplasia  increases  with  segment  length  of  the
Barrett’s mucosa and detection improves with the number of biopsies taken.[28] Intestinal
metaplasia can be missed easily when only one or two biopsies are obtained. Therefore it
has been proposed to take multiple, closely spaced biopsies. One protocol proposes four-
quadrant biopsies every 1 cm for circumferential metaplastic segments (in short segment
Barrett’s oesophagus) or 2 cm (in long segment Barrett’s oesophagus).[3] In another study
it was proposed that 8 random biopsies should be obtained. With 1 – 4 biopsies the yield
of intestinal metaplasia was 35%.[6, 28] At the histological level, the detection of intestinal
metaplasia can be increased by using mucin stains. or immunohistochemistry. It has been
suggested that the presence of acidic mucins (blue on alcian blue stain) is a characteristic
feature even in the absence of goblet cells. However, this theory has not been confirmed.
Comparable disputed results have been obtained with immunohistochemical stains for CKs
and MUC antigens.
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Figure 6. Oesophageal biopsy showing intestinal metaplasia in glands buried underneath the squamous epithelium

5.2. Neoplastic conditions

As the major risk of patients with Barrett’s oesophagus is to develop an adenocarcinoma, there
has been considerable interest in defining a subgroup of patients at risk. At the present time,
the identification of dysplasia in endoscopic mucosal biopsies is the standard method to detect
these patients. Systematic four-quadrant biopsy is considerably more effective for the detection
of dysplasia in Barrett than non-systematic biopsy sampling.[29] Non-adherence to a protocol
during surveillance leads to under-diagnosis or missed diagnosis because of sampling error.
[30] However, problems with inter-observer agreement, particularly for low–grade dysplasia,
on biopsy specimens have raised concern about the ability of pathologists to provide a
consistent and accurate diagnosis upon which management decisions can be based.[31, 32] In
order to reduce sampling errors, guidelines for the surveillance have been established by
national and international societies. In the future, the diagnostic yield for dysplasia will
however essentially be improved and sampling errors will be reduced by targeted biopsies.
These can be obtained with the help of endoscopic procedures such as chromo-endoscopy and
light- or laser-induced fluoroscopy.[33, 34]

High-grade dysplasia and early cancer can be treated by mucosal destructive or ablative
techniques. Some techniques such as photodynamic therapy and laser therapy do not allow
any histological study as their goal is complete destruction of the neoplastic tissue. Follow up
biopsies can however show remnants of metaplastic and even neoplastic tissue buried
underneath squamous epithelium. The frequency of buried metaplastic glands may be as high
as 51% of cases. These glands may be difficult to identify on small endoscopic biopsies.

Endoscopic mucosal resection (EMR) is an ablative technique originally developed as a
diagnostic procedure (strip-off biopsy) in the early 1980s but has now gained considerable
attention as a potential curative form of therapy for patients with high grade dysplasia and
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superficial cancers. It is also a good tool for histological staging because the procedure allows
to remove intact mucosa and submucosa enabling complete evaluation of mucosal and
submucosal invasion. EMR as a diagnostic tool has been shown to be superior to mucosal
biopsy and inter-observer agreement of Barrett’s oesophagus related dysplasia is significantly
better compared with biopsy specimens.[35] The presence of a double layer of muscularis
mucosae, which is a hallmark of Barrett’s oesophagus, is an important landmark. Only when
invasion extends beyond the deeper layer (the genuine muscularis mucosae), a diagnosis of
submucosal invasion is justified.[36]

Endoscopic biopsies are also commonly used for the diagnosis of cancer of the oesophagus
and the distinction between squamous cell carcinoma and adenocarcinoma. Two samples can
provide a positive diagnosis in 95.8% of cases. The addition of four samples increases the
positive yield to 100%. There is no statistically significant difference in the yield according to
the site and type of growth.[37] However, in strictures the diagnosis can be difficult. In this
situation, the additional use of brush cytology may increase the diagnostic yield. Soft tissue
tumours and lymphomas are less common in the oesophagus. The so-called Abrikosoff tumour
or granular cell tumour, a relatively rare lesion, may present a problem as the overlying
squamous epithelium can show hyperplasia which might be confused with neoplastic changes.
The tumour itself is composed of aggregates of round cells with a characteristic granular
cytoplasm showing S100 positivity with immunohistochemical stains. If the biopsy samples
are too superficial, the diagnosis can however be difficult. Fine needle aspiration biopsy could
be used for the former, although most soft tissue tumours of the oesophagus are not malignant.
Brush cytology can be helpful for the diagnosis of infections.

6. The stomach

6.1. Inflammatory conditions

Throughout the GI tract, mucosal features such as redness, oedema, swelling, bleeding,
erosions and ulcers can be observed. They reflect inflammation and tissue damage but may
also be due to mucosal atrophy and epithelial metaplasia. Metaplasia is most readily detected
endoscopically in the distal oesophagus but it is also common in the stomach. In the latter it
may appear as small red depressions simulating erosions or aphthoid ulcers, as an irregular
nodular area or as larger geographic red areas. The red colour and a depressed or nodular
appearance can be explained by thinning of the mucosa due to atrophy and increased visibility
of the vessels. Pathology is useful to confirm the endoscopic abnormality and probable
diagnosis, or to exclude such abnormalities or give another explanation. A depressed red spot
can indeed be a genuine erosion but it may also represent a vascular ectasia or a small area of
mucosal atrophy. Inflammatory conditions in the stomach include gastritis and reactive
gastropathy (chemical gastropathy, bile reflux). The latter is characterized by epithelial
damage and a minimal inflammatory cell reaction. Several types of gastritis can be
distinguished and histopathology plays a major role in this distinction. An aetiology-based
classification was proposed in the Sydney system at the World Congress of Gastroenterology
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[30] However, problems with inter-observer agreement, particularly for low–grade dysplasia,
on biopsy specimens have raised concern about the ability of pathologists to provide a
consistent and accurate diagnosis upon which management decisions can be based.[31, 32] In
order to reduce sampling errors, guidelines for the surveillance have been established by
national and international societies. In the future, the diagnostic yield for dysplasia will
however essentially be improved and sampling errors will be reduced by targeted biopsies.
These can be obtained with the help of endoscopic procedures such as chromo-endoscopy and
light- or laser-induced fluoroscopy.[33, 34]

High-grade dysplasia and early cancer can be treated by mucosal destructive or ablative
techniques. Some techniques such as photodynamic therapy and laser therapy do not allow
any histological study as their goal is complete destruction of the neoplastic tissue. Follow up
biopsies can however show remnants of metaplastic and even neoplastic tissue buried
underneath squamous epithelium. The frequency of buried metaplastic glands may be as high
as 51% of cases. These glands may be difficult to identify on small endoscopic biopsies.

Endoscopic mucosal resection (EMR) is an ablative technique originally developed as a
diagnostic procedure (strip-off biopsy) in the early 1980s but has now gained considerable
attention as a potential curative form of therapy for patients with high grade dysplasia and
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superficial cancers. It is also a good tool for histological staging because the procedure allows
to remove intact mucosa and submucosa enabling complete evaluation of mucosal and
submucosal invasion. EMR as a diagnostic tool has been shown to be superior to mucosal
biopsy and inter-observer agreement of Barrett’s oesophagus related dysplasia is significantly
better compared with biopsy specimens.[35] The presence of a double layer of muscularis
mucosae, which is a hallmark of Barrett’s oesophagus, is an important landmark. Only when
invasion extends beyond the deeper layer (the genuine muscularis mucosae), a diagnosis of
submucosal invasion is justified.[36]

Endoscopic biopsies are also commonly used for the diagnosis of cancer of the oesophagus
and the distinction between squamous cell carcinoma and adenocarcinoma. Two samples can
provide a positive diagnosis in 95.8% of cases. The addition of four samples increases the
positive yield to 100%. There is no statistically significant difference in the yield according to
the site and type of growth.[37] However, in strictures the diagnosis can be difficult. In this
situation, the additional use of brush cytology may increase the diagnostic yield. Soft tissue
tumours and lymphomas are less common in the oesophagus. The so-called Abrikosoff tumour
or granular cell tumour, a relatively rare lesion, may present a problem as the overlying
squamous epithelium can show hyperplasia which might be confused with neoplastic changes.
The tumour itself is composed of aggregates of round cells with a characteristic granular
cytoplasm showing S100 positivity with immunohistochemical stains. If the biopsy samples
are too superficial, the diagnosis can however be difficult. Fine needle aspiration biopsy could
be used for the former, although most soft tissue tumours of the oesophagus are not malignant.
Brush cytology can be helpful for the diagnosis of infections.

6. The stomach

6.1. Inflammatory conditions

Throughout the GI tract, mucosal features such as redness, oedema, swelling, bleeding,
erosions and ulcers can be observed. They reflect inflammation and tissue damage but may
also be due to mucosal atrophy and epithelial metaplasia. Metaplasia is most readily detected
endoscopically in the distal oesophagus but it is also common in the stomach. In the latter it
may appear as small red depressions simulating erosions or aphthoid ulcers, as an irregular
nodular area or as larger geographic red areas. The red colour and a depressed or nodular
appearance can be explained by thinning of the mucosa due to atrophy and increased visibility
of the vessels. Pathology is useful to confirm the endoscopic abnormality and probable
diagnosis, or to exclude such abnormalities or give another explanation. A depressed red spot
can indeed be a genuine erosion but it may also represent a vascular ectasia or a small area of
mucosal atrophy. Inflammatory conditions in the stomach include gastritis and reactive
gastropathy (chemical gastropathy, bile reflux). The latter is characterized by epithelial
damage and a minimal inflammatory cell reaction. Several types of gastritis can be
distinguished and histopathology plays a major role in this distinction. An aetiology-based
classification was proposed in the Sydney system at the World Congress of Gastroenterology
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in 1990 and updated in 1994.[38, 39] The Sydney system also established the need for taking
different biopsies of the gastric mucosa.[38] The guidelines include a) two biopsies of the
corpus and two of the antrum for an overall assessment of the distribution of the gastritis and
the distinction between antral gastritis, corpus gastritis and pan gastritis; b) one biopsy of the
angulus because atrophic gastritis and intestinal metaplasia are related with the development
of gastric cancer and occur most commonly at the angulus; c) the same area is the most
appropriate area to look for the presence of dysplasia. In small children, this approach may
however not be appropriate. Two samples from the stomach may be sufficient. Biopsy
diagnosis should include the morphological site or sites, the morphological lesions present,
and any potential cause. The sensitivity and specificity for the diagnosis of Helicobacter pylori
gastritis are high, varying between 88 and 99% for the former and 90 and 100% for the
specificity. The negative predictive value is near 100% for antral biopsies. Active gastritis, or
gastritis with neutrophils is often Helicobacter pylori positive and will imply treatment,
whether activity is mild, moderate or severe. Grading atrophy and intestinal metaplasia is less
reproducible.[40] Staging of gastritis has been proposed among others by the so-called OLGA
system but may be difficult to apply in routine practice.[41] Grading and staging could
however be useful for the identification of patients at risk for cancer. In addition to the gastric
biopsies ii seems reasonable to obtain, during the first diagnostic examination, also duodenal
biopsies to look for the presence of mucous surface (gastric) metaplasia, a requirement for
Helicobacter pylori colonisation of the duodenum which can induce duodenal ulcers, or for
epithelial lymphocytosis. If the stomach biopsies are normal and duodenitis is found on
histopathology, a Helicobacter pylori-induced duodenitis is highly unlikely. If the patient has
lymphocytic gastritis of the antrum and epithelial lymphocytosis in the duodenum, a diagnosis
of celiac disease should be suspected. Follow-up biopsies for gastritis can be considered when
a treatment for HP has been given in order to assess eradication or when intestinal metaplasia
and atrophy are very extensive.

Whenever special forms of gastritis are suspected multiple biopsies are needed. Histopathol‐
ogy can identify a variety of pathogens in infectious gastritis. Many of the special types lack
endoscopic abnormalities. Lymphocytic gastritis can present as a hypertrophic variant with
erosions and thickening of the gastric wall suggestive of Menetrier’s disease. It can be diffuse
or corporeal and correspond in these forms to varioliform gastritis. It can also be limited to the
antrum and in this case includes various conditions ( reflux gastritis, HP gastritis or coeliac
disease) must be considered. [42] The histopathology of gastroduodenal Crohn’s disease
includes a wide spectrum of changes, including the presence of granulomas as well as focally
enhanced (active) gastritis.[43] A correct diagnosis of Crohn's disease of the stomach can be
reached more accurately when multiple samples of the suspected sites (n=5) and of normal
sites are available. Granulomas can be detected in biopsies from macroscopically abnormal
mucosa as well as in biopsies from normal mucosa. The frequency of detecting granulomas
varies between 4.6% and 26% depending upon the presence of endoscopic lesions, the number
of biopsies and the number of sections examined. Multiple biopsies will increase the diagnostic
yield. Focally enhanced or focally active gastritis is typified by small collections of lymphocytes
and histiocytes surrounding a small group of foveolae or gastric glands, often with infiltrates
of neutrophils. Several studies have found that focally enhanced gastritis is common in adult
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Crohn’s disease patients. However, studies that used control groups have reported a
prevalence of focally enhanced gastritis in non-IBD patients in up to 19.4%. Therefore, this type
of gastritis may not be a good marker for the diagnosis of IBD or IBD-related gastritis in adults.
[44, 45] It may still be a good marker in children although it may not reliably distinguish
between Crohn’s disease and ulcerative colitis. Some studies have found that focally enhanced
gastritis is present in up to 20% of paediatric ulcerative colitis patients, suggesting that this
type of gastritis is a marker of IBD in general in children.

Biopsies are less indicated for the diagnosis of vascular abnormalities. They can however
be useful for the diagnosis of “gastric antral vascular ectasia” (GAVE). GAVE is a rare
condition (prevalence approximately 3/10000 upper endoscopies), characterised by red spots
in linear array in the antrum of the stomach. Based on the striped features from the antrum
at  endoscopy,  the  disorder  has  been called  the  “watermelon”  stomach.  The  histological
lesion consists of numerous dilated vessels in the mucosa, often with microthrombi, with
fibromuscular  hyperplasia  and  fibrohyalinosis  of  the  perivascular  lamina  propria.  The
mucosa shows no or mild chronic inflammation or atrophy with intestinal metaplasia.[46]
GAVE must  be distinguished from “portal  hypertensive gastropathy” and from “gastric
vascular ectasia”.[47]

6.2. Neoplastic conditions

In patients with marked atrophic gastritis or pernicious anaemia, the possibility of endocrine
cell hyperplasia and dysplasia needs to be considered, and immunostains can readily answer
this question. In patients with endocrine tumours (carcinoïds), the issue is whether these are
sporadic, associated with atrophic gastritis, or even multiple endocrine neoplasia (MEN) and
Zollinger-Ellison syndrome. Biopsies of adjacent gastric body mucosa will show whether there
is hyperplasia of parietal cells without atrophy as in Zollinger Ellison and MEN, atrophy as
seen in pernicious anemia, or normal mucosa as seen in sporadic endocrine tumours.

The macroscopic differential diagnosis between benign and malignant ulcers of the stomach
is correct, on average, in only 75% of cases (52% to 94% of cases depending on the series
reported in the literature).[3] Hence, the differential diagnosis can depend upon histology.
Chromo-endoscopy with targeted biopsies will change the guidelines in the future.

In the series reported in the literature, the proportion of cancer-positive biopsies varies
between 49% and 56% and about 25% of the biopsies are considered inadequate. A method of
biopsy by quadrants with a technique that avoids the lesion to be covered by the bleeding from
earlier biopsies reduces the number of unusable biopsies to 5.7% and increases the proportion
of cancer-positive biopsies to 67%. An average of 7 - 10 biopsies is required to reach enough
sensitivity and in order to avoid false negative results.[48, 49] When gastric lymphoma is
suspected multiple biopsies are also required. If the lesion presents as an ulcer, biopsies from
the edge (as for carcinoma) and the ulcer base should be obtained. Proper fixation (in order to
allow additional tests such as immuno-histochemistry and Polymerase Chain Reaction) is
absolutely indicated.
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Histopathology is also very useful for the identification of metastases or secondary malignant
involvement of the GI tract a problem which is becoming more common. Breast and melanoma
are the most frequently found. Approximately 1 metastasis is observed per 3847 upper GI
endoscopies and 1 lower metastasis per 1871 colonoscopies. The stomach and duodenum are
the most common locations. Immune histochemistry for cytokeratin patterns and other
markers can help to identify the primary origin if needed.

Overall a microscopic diagnosis of polyps (elevated lesions) depends on the type of the lesion
and the size and number of biopsies. Polyps of epithelial origin can be diagnosed with classical
pinch biopsies. They include benign lesions such as fundic gland polyps and neoplastic lesions
such as adenomas or neuro-endocrine dysplasia. A complete evaluation may need larger snare
biopsies and implies orientation. This is also needed for EMR specimens from early –
superficial gastric cancer and adenomas. As in Barrett’s oesophagus, a good orientation is
essential for the assessment of the risk factors for residual tumour and the need for additional
surgery. In contrast with the oesophagus, soft tissue tumours are more common in the stomach.
These are usually gastrointestinal stromal tumours (GIST). These tumours show a positive
staining with antibodies directed against CD117, DOG1 and often also for CD34 (87% positive
cases in the stomach). They produce polypoid lesions with a smooth or ulcerated surface as a
result of a submucosal process. Such a process can be inflammatory or tumoral and will often
not be diagnosed adequately when the surface is intact and only mucosal biopsies are available
(because of the superficial nature of these biopsies).

7. The duodenum

7.1. Inflammatory conditions

In the duodenum, inflammatory lesions include Helicobacter-associated disease, and other
infections, malabsorption, drug-associated disease and the pathology of the papilla of Vater.
Many GI diseases or systemic diseases (Helicobacter pylori, Crohn’s disease, vasculitis,
eosinophilic infiltrates) affect both the stomach and duodenum. Therefore, if duodenal
biopsies are taken for any reason it is good to include biopsies of the antrum, in addition. Any
duodenitis, inevitably raises the question of whether the condition may be associated with
Helicobacter or drugs and biopsies of the antrum can solve this issue readily. Histopathology
of the duodenum alone is indeed less useful for the diagnosis of Helicobacter pylori. Cytology
is superior with a sensitivity which varies between 56% and 100% and a specificity between
58% and 93% depending on the coloration (modified Giemsa seems superior).[50]

Histopathology is certainly adequate for the diagnosis of other infections such as Giardia
lamblia and strongyloides stercoralis.

A subtle increase of eosinophils in the duodenum may be associated with allergy and
functional dyspepsia.[51]

Biopsy of the small intestine remains superior for the diagnosis of Whipple’s disease and it is
the gold standard for the diagnosis of celiac disease. Biopsies of the descending duodenum,
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rather than the more distal intestine seem sufficient for the diagnosis of celiac disease. Jumbo
forceps have no marked advantage over standard size biopsies.[52] Due to the patchy nature
of villous changes, multiple biopsies are necessary. It has been suggested that at least four
endoscopic biopsies must be taken.[53, 54] Ideally, the specimens are oriented properly in
order to allow adequate assessment of villous height and crypt depth. The specimens can
therefore be immersed in the fixative after being placed on a Millipore filter paper, luminal
side upwards.

The recognition of the spectrum of histological changes in celiac disease as classified by Marsh
or modifications of this classification has provided a major advantage in the diagnosis. The
earliest lesions have still a normal villous architecture but show intraepithelial lymphocytosis
( >30-40 per 100 epithelial cells).[55] An intraepithelial lymphocytosis is not, however specific
for celiac disease and may be seen in infective enteropathies, Crohn’s disease, non steroidal
anti-inflammatory drug usage, giardiasis and other conditions. Furthermore, celiac disease is
not the only possible cause of subtotal or total villous atrophy. Other possibilities such as
autoimmune enteropathy must be considered, especially in neonates, but also in adults.
Serology remains therefore and important diagnostic tool. Histopathology is also essential for
the diagnosis of rare congenital disorders such as microvillous inclusion disease and “tufting
enteropathy” (also called intestinal epithelial dysplasia, with the term dysplasia used in its
ethymological meaning of “malformation” ; the pathology is due to defects in cell adhesion
due to defects in the EpCam gene).

7.2. Neoplastic conditions

Refractory sprue is a condition that appears to consist of several diseases, including
collagenous sprue and enteropathy-type T-cell lymphoma (ETL). Histology can help identify
these.[56]

Duodenal biopsies are also indicated in patients presenting with duodenal polyps. Many of
these, especially in the first duodenum, are benign lesions and represent inflammatory polyps
or ectopic gastric tissue.

Malignant  small  bowel  tumours constitute  less  than 5% of  GI  malignancies.  Four major
different  histological  types  of  malignant  small  bowel  tumours  can  be  distinguished  :
adenocarcinomas, endocrine tumours, lymphomas and soft tissue tumours. Adenocarcino‐
ma is the most common type. As in the large bowel, most adenocarcinomas arise from pre-
existing  adenomas  that  occur  sporadically  or  in  the  context  of  familial  adenomatous
polyposis (FAP), hereditary nonpolyposis colorectal cancer (HNPCC) or variant syndromes.
In  patients  with  FAP  "adenomas"  are  most  commonly  found  in  the  duodenum.  In  a
prospective study of 100 patients upper GI endoscopy revealed adenomatous polyps in the
duodenum in 33. They occur mainly in the second part of the duodenum but may involve
also the  first  and third part.  A special  staging system for  duodenal  polyposis  has  been
designed whereby the lesions were subdivided in different stages according to the polyp
number, size and histological type. The histological part of this system distinguishes the
various  types  of  polyps  and grades  of  dysplasia.  The  types  are  :  tubular/  hyperplastic/
inflammatory polyp =  1  point;  tubulo-villous =  2  points;  villous =  3  points;  dysplasia  is
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graded into mild = 1 point, moderate = 2, severe = 3. [57] Other polyps that may occur in
the duodenum or sporadic hamartomas or Peutz-Jeghers polyps and polyps observed in
other non-adenomatous polyposis syndromes.

Endocrine tumours of the small intestine include well differentiated neuro-endocrine tumours
and malignant large cell neuro-endocrine carcinomas. In the GI tract, most endocrine tumours
occur in the small bowel (29% of total) with the highest frequency in the ileum. Endoscopic
biopsies are often negative because of the superficial nature of the samples.

Lymphomatous infiltrates in the GI tract are frequently found as part of a disseminated disease.
Primary GI lymphoma defined as an extra-nodal lymphoma arising in the GI tract with bulk
of the lesion in this site, is a rare disorder. These lymphomas represent 5 to 10% of all Non
Hodgkin lymphomas. Despite the fact that the small intestine is the preferential part of the gut
where the mucosa associated lymphoid tissue (MALT) is localized, less than 25% of the GI
lymphomas affect the small intestine.

The duodenum is  also  the  site  of  the  papilla  of  Vater  where  the  extra-hepatic  bile  and
pancreatic ducts end. Tissue histopathology may be obtained during endoscopic retrograde
cholangiopancreatography (ERCP) by brushing, biopsy, bile aspiration or a combination of
these. Biopsies of the bile ducts have a specificity between 90% and 100% with a sensitivity
between 43% and 81% for the diagnosis of cholangiocarcinoma. Brush cytology has a similar
high specificity of nearly 100% but sensitivity is lower ranging from 18% - 60%. The low
sensitivity is linked to low cellularity of many of these tumours. Repeated brushing may
increase the yield. During ERCP, miniature cholangioscopes can be used and with these
endoscopes, directed tissue biopsies can be obtained. The biopsies are usually smaller than
standard forceps biopsies of the GI tract and may be inadequate in up to 28% of the samples.
[58]  However,  with  more  modern  equipment  adequate  tissue  for  examination  can  be
obtained.[59]

8. The terminal ileum and colon

8.1. Inflammatory conditions

Ileocolonoscopy is an important tool for the diagnosis of diarrhoea and colitis. Several studies
show that colonoscopy and biopsy is useful in the investigation of patients with chronic
diarrhoea yielding a histological diagnosis in 22 –31% of patients who had a macroscopically
normal colon at colonoscopy.[60-63] Histological diagnosis includes a variety of conditions
such as spirochetosis, pseudomelanosis coli, collagenous colitis and lymphocytic colitis and
variant forms.(Fig 7) The correct diagnosis of collagenous colitis implies multiple biopsies from
different segments because thickening of the collagen layer can be discontinuous.[64]
Histopathology can also help to identify amyloidosis and rare metabolic lysosomal or storage
disorders such as Tangier disease and systemic diseases such as mastocytosis.[65]
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Figure 7. Biopsy from the colon showing thickening of the subepithelial collagen table in collagenous colitis

In inflammatory diarrhoea, a precise diagnosis and differential diagnosis between infections
and IBD and between ulcerative colitis and Crohn’s disease is important for therapy and
follow up. Histopathology can identify a variety of pathogens such as amoeba, schistosoma
and Cytomegalovirus.  In transplant  patients  a  diagnosis  of  Graft  versus host  disease or
Cord Colitis can be confirmed and graded.[66] A correct diagnosis of ulcerative colitis can
be made by the pathologist  without clinical  information in 64% of  the cases with rectal
biopsies only and in 74% of the cases when multiple biopsies from different segments of
the  colon,  including  the  ileum  are  available.[10,  67]  With  clinical  information  a  correct
diagnosis  is  reached in  more than 90% of  the  cases.  A diagnosis  of  Crohn’s  disease  on
endoscopic samples of the colon relies particularly on the analysis of multiple biopsies from
different segments of the colon including the ileum.[68] Analysis of multiple biopsies yields
a positive diagnosis of Crohn’s disease in 64% of the cases compared to 24% for one single
rectal  biopsy.[64,  69]  Biopsies  of  the  terminal  ileum are  mainly  useful  in  patients  with
inflammatory diarrhoea.[70, 71] The differential diagnosis between infections and IBD relies
on the distribution of the inflammatory infiltrate in the lamina propria and the presence of
architectural  changes.  Focal  or  diffuse  basal  plasmacytosis  is  a  strong  predictor  for  the
diagnosis of IBD, especially ulcerative colitis (occurring in over 70% of the patients). It is
only rarely observed in infectious colitis (+/- 3% of the patients). Structural epithelial changes
include the presence of an irregular surface, sometimes called pseudovillous or villiform
surface and a disturbed crypt architecture.[72-74]

Atypical presentations such as ulcerative colitis with left-sided colitis and peri-appendicular
inflammation or caecal patch are occasionally observed. However, the major clinical conditions
where endoscopic and histological lesions may not be characteristic include initial onset of the
disease, inflammatory diarrhoea in children, patients with liver disease and IBD, patients
under treatment and patients presenting with severe, fulminant disease. Colonic biopsies from
children between 1 and 10 years of age, presenting with new-onset ulcerative colitis show
significantly less crypt branching, plasma cells in the lamina propria, cryptitis, crypt abscesses,
and epithelial injury when compared with samples from adults. In 4 to 8% of cases the initial
biopsy samples are completely normal. Rectal sparing has been well documented.[75, 76]
Rectal sparing and patchy and focal inflammation are also more common in patients with
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primary sclerosing cholangitis (PSC) without clinically overt colitis, when compared to
patients with ulcerative colitis without PSC.[77, 78]

When the differential diagnosis between ulcerative colitis and Crohn’s disease can not be
solved with endoscopic biopsies the patient should be categorized as “IBD unclassified”.[79]
Clinical and histo-pathological follow up will eventually solve the diagnosis in most cases.

During follow up of IBD, histopathology can identify persistent active inflammation in
ulcerative colitis more reliably than endoscopy.[80] Persistent microscopic inflammation may
be important in the pathogenesis of dysplasia in IBD.

A complication of Kock pouch and ileal pouch anal anastomosis (IPAA) is the development
of a primary inflammation within the pouch which is associated with a clinical syndrome
termed “pouchitis”. This condition is common after surgery for ulcerative colitis, but can occur
also after surgery for other indications. Pouch biopsy specimens from well functioning
pouches can show mild villous shortening and chronic inflammation. The most consistent
finding in pouchitis is ulceration. Grading of pouchitis depends on clinical features, endoscopic
findings and histology. The degree of polymorphonuclear infiltration and the proportion of
ulcerated area are items of the score. There are no guidelines for the number and location of
biopsies from a pouch but there is some evidence that a biopsy, taken 5 cm above the ileoanal
anastomosis from the posterior and anterior wall may be the most sensitive for a diagnosis of
pouchitis. Pouchitis must be distinguished from “cuffitis” or “short-strip pouchitis”, which is
inflammation in the columnar cuff mucosa distal to the pouch. The top end of the anal canal
is lined by columnar mucosa like that of the rectum. In a hand sewn pouch-anal anastomosis,
this mucosa is stripped, albeit often incompletely since the junction between columnar
epithelium and squamous or transitional epithelium is difficult to distinguish. Islands of
columnar mucosa may be left behind.

Histology is also important for the differential diagnosis of eosinophilic disorders of the
gastrointestinal tract. Eosinophils are constitutively present in the gastrointestinal mucosa
outside the  oesophagus and the  precise  normal  numbers  have not  been defined.  In  the
colon geographical and seasonal differences in numbers have been observed. In humans,
appendix, caecum and ascending colon contain the highest numbers Therefore a diagnosis
of eosinophilic (gastro-)enteritis is difficult. An intraepithelial position of eosinophils may
be the most reliable marker of disease. Eosinophilic disorders can be separated into primary
(idiopathic) and secondary diseases, primary having no known cause, and secondary due
to other illnesses associated with eosinophilia such a infections, celiac disease, IBD and drug
related  pathology.  A  third  situation  is  observed  in  the  hypereosinophilic  syndrome,  a
heterogeneous group of  rare  diseases  defined by persistent  blood eosinophilia  for  more
than 6 months with evidence of organ involvement (blood eosinophilia > 1500/mm3).

Primary eosinophilic enteritis has been called allergic gastro-enteropathy, because a subset of
patients have an associated allergic component. Although considered idiopathic, an allergic
mechanism may be involved as most patients exhibit increased food-specific IgE levels.

Endoscopy22

8.2. Neoplastic conditions

Crohn’s disease and ulcerative colitis carry an increased cancer risk. A pathway of “colitis –
dysplasia – cancer” has been identified and this allows surveillance of patients with an
increased risk (longstanding disease; extensive colitis; ulcerative colitis with primary
sclerosing cholangitis…).(Fig. 8) It has been estimated that 33 to 64 biopsies are required to
detect dysplasia with 90% and 95% probabilities respectively. Yet, with 20-40 biopsies less than
0.1% of the colorectal mucosa is covered.[81, 82] Current practice guidelines recommend that
4 biopsy specimens be taken from every 10 cm (0.05 % of the entire area of the colon) of diseased
bowel in addition to macroscopically atypical lesions.[83] However, the detection rate of IBD-
related dysplasia can substantially be improved with targeted biopsies obtained with the
newly developed endoscopic techniques and this procedure should replace the random biopsy
guidelines in the future.[84] Dysplasia in IBD can appear as polypoid lesions or as flat lesions.
Polypoïd lesions can occur in a mucosa with signs of colitis, or in a mucosa with flat dysplasia.
Therefore, biopsies should be obtained from the elevated lesion and from the surrounding
tissue. The microscopic diagnosis of “dysplasia” is based on the presence of cytological and
architectural abnormalities showing “unequivocal, non-invasive (confined within the
basement membrane), neoplastic transformation of the epithelium excluding all reactive
changes”.[85] Biopsies positive for dysplasia can be subdivided into low-grade and high-
grade. The grade of dysplasia is determined by the features of the most dysplastic portion. The
two grade classification appears to be reproducible, although in general the agreement is better
for high-grade dysplasia. Because of the diagnostic problems related to dysplasia ancillary
techniques such as staining for p53 and AMACR can be applied on the tissue samples in order
to improve the diagnosis. P53/AMACR coexpression seems to be of potential value for
predicting neoplastic progression in ulcerative colitis patients with flat low grade dysplasia or
indefinite lesions.[86]

Figure 8. Raised polypoid lesion in a biopsy from a patient with ulcerative colitis showing microscopic features of dys‐
plasia : DALM
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Sporadic adenomas and polypoid “dysplasia” in IBD can be managed with endoscopic
techniques and complete local excision appears to be adequate. Endoscopic resection
specimens of IBD-related neoplasia should be handled properly, like all polypectomy
specimens. They should be removed entirely if possible. Sporadic small polyps can be handled
with a cold or hot biopsy forceps. While the latter can induce coagulation artefacts, the damage
usually does not prevent adequate histological interpretation. Larger polyps should be
oriented. The pathologist will identify the origin of the lesion, epithelial or not and the nature :
neoplastic or not.

In recent years it has become clear that hyperplastic polyps are a heterogeneous group of
lesions, now reported as “serrated lesions”. They include benign polyps, so called (traditional)
hyperplastic polyps which can be subdivided in several types (microvesicular type, goblet-
cell-rich type and mucin-poor type) and lesions with a neoplastic potential. The distinction
between the hyperplastic subtypes has a high inter-observer variation and therefore routine
distinction of these subtypes is not necessary.[87] Among the lesions with a neoplastic
potential, traditional serrated adenomas, with cytological dysplasia and sessile serrated
adenomas or polyps have been identified. Both these lesions have a neoplastic potential
through the serrated neoplastic pathway. In sessile serrated polyps, the epithelial cells show
however some atypia or features of dysplasia.[88] Therefore a distinction is made between
sessile serrated adenomas with and without dysplasia. A proper diagnosis of sessile serrated
adenomas implies orientation of the endoscopic biopsy samples. The lesion is indeed
characterized by dilatation of the crypts from top to bottom. Epithelial serration and dilatation
are usually more prominent in the basal part of the crypts and this can not be evaluated
properly on tangentially sectioned samples.

Histopathology allows grading of dysplasia in polyps and determination of the tubular or
villous nature of the lesion. Tubular adenomas are by definition dysplastic and hence at
least low-grade dysplastic lesions. Identification of high-grade dysplasia and intramucosal
carcinoma  is  important.  Endoscopic  surveillance  of  patients  with  so-called  “advanced
adenoma” may need to  be  different  from that  performed in  patients  without  advanced
adenomas. In polyps, the occurrence of invasive cancer, must be differentiated from high-
grade dysplasia, intramucosal cancer and entrapped (pseudo-invasive) mucosa. Only when
cancer invades the submucosa, it is considered to have the potential to metastasize, although
lymphangiogenesis  can  occur  in  the  mucosa  as  shown  in  ulcerative  colitis.[89]  The
established histopathological criteria that determine the treatment options of polypectomy
versus subsequent surgical resection because of the risk of residual tumour are the status
of the resection margin, the histological grade, lympho-vascular invasion, budding of cells
and invasion into the submucosa below the stalk of the polyps but above the muscularis
propria. Various staging systems have been proposed for this purpose.[7, 90]

As in the stomach and the small intestine, lymphomas and mesenchymal tumours can also
occur in the colon and biopsies are suitable for a correct diagnosis.
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9. Conclusions

Histopathology plays a critical role in GI practice. Endoscopic biopsies are important in order
to establish, confirm or exclude a diagnosis suspected clinically or endoscopically, both in the
absence and presence of endoscopic abnormalities. Biopsy diagnosis is greatly facilitated when
the endoscopist provides adequate samples and understands the criteria used for histological
diagnosis. Histopathology plays also a major role in the design of therapeutic strategy. A close
collaboration between the endoscopist and the pathologist is therefore highly useful.
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1. Introduction

High level disinfection is a process that kills high numbers of all types of vegetative non-
spore forming bacteria (Gram-positive and Gram-negative), fungi, all types of viruses (hy‐
drophylic and lipophylic), and mycobacteria (TB), but not necessarily high numbers of
bacterial spores in the relatively brief exposure time for disinfection. Sterilization is a proc‐
ess that kills all types of microbes including highly resistant bacterial spores. Sterilization
usually requires a much longer exposure time than disinfection. Gastroscopes, colono‐
scopes, urethroscopes, and cystoscopes normally do not break the barrier between non-ster‐
ile areas of the body and sterile areas, and therefore high level disinfection is the commonly
accepted practice for these endoscopes. Bronchoscopes are a possible exception as they may
enter into the sterile bronchioles, although they make that entrance through the non-sterile
nasal passages where they likely become contaminated with the flora of the oral-nasal body
cavities. Endoscopists, and certainly patients, all agree that endoscopes and their accessories
such as biopsy forceps should be thoroughly cleaned of all body fluids and any possible mi‐
crobes between patients, even if not technically sterilized.

2. Methods

Unless endoscopes can be completely dried after disinfection, creating an environment where
microbes cannot survive or multiply, or there is laboratory culturing evidence that endoscopes
still contain very few or no microbes, they should be disinfected and rinsed again in the morn‐
ing before first use. Any microbes that might remain in the endoscopes after disinfection, or be
introduced into the endoscopes by means of non-sterile rinse water, could multiply overnight
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or over a weekend or holiday to unsafe numbers, or begin to form a biofilm within the chan‐
nels of the endoscope. Certain microbes such as Staphylococcus aureus, Pseudomonas aerugi‐
nosa, or Escherichia coli can divide every 60 minutes or faster in dark, moist, and warm
conditions. Just 10 or 20 microbes remaining in an endoscope at 4:00 PM can multiply to about
one million colony forming units by the time of the 1st case at about 8:00 AM the next day, and
many more if the starting number is higher than “just 10 or 20” if there is enough substrate to
sustain a population that size. The hospital laboratory or a contract laboratory/microbiologist
can be a valuable ally to know by testing how many microbes are in the channels of an endo‐
scope after a cleaning/disinfecting procedure, or after a storage interval. It takes only a few mi‐
nutes for a microbiologist to flush recovery solutions through an endoscope, and then assay
those fluids to validate the numbers, if any, of microbes within the channels of an endoscope.
At intervals of about three or four months, or after newly trained personnel begin to process
and disinfect endoscopes, or the disinfecting procedure is modified, a sampling of the endo‐
scopes should be cultured to validate that the endoscopes are indeed disinfected, and any
numbers of bacteria in the endoscopes are very low. B.T. Petersen, et. al. is another publication
regarding methods for reprocessing flexible endoscopes [1].

3. Cleaning endoscopes

The initial cleaning step happens in the Procedure Room when the insertion tube is removed
from the patient and wiped with a gauze pad saturated with a disinfectant, and the internal
air, suction, and water channels are flushed with water. This initial cleaning step removes
much of the organic soil and probably removes and kills at least 99% of any microbes on the
endoscope. The endoscope is then transported in a plastic bin to the reprocessing room and
tested for possible leaks. The control valves are removed, and the endoscope and all parts
(valves) are submerged in a deep stainless steel sink (or plastic basin) with about two or
three gallons of warm tap water with a disinfectant-detergent solution. The endoscope
should be cleaned within about 30.0 min of leaving the procedure room, and not allowed to
dry. Organic soil and microbes are much more difficult to remove and to kill after they be‐
come dry than when they are wet. A disinfectant-detergent cleaning solution is a concen‐
trate of a low-foaming surfactant (detergent) and disinfectant. These disinfectant-detergent
cleaning solutions are concentrates intended and labeled to be diluted in the range of 1:16 to
1:32. The label will give the exact dilution to be used, and also identify that the solution will
kill Gram-positive and Gram-negative bacteria, fungi, and hydrophylic and lipophylic vi‐
ruses, (and possibly even mycobacteria and some spores or spore-forming bacteria, depend‐
ing on the particular disinfectant-detergent chosen). Labels that use the scientific names of
microbes can be difficult for non-microbiologists to understand. The hospital laboratory, or
any microbiologist, can help to translate the label into common terms such as Gram positive
or Gram negative bacteria, fungi, and viruses. The disassembled valves should be flexed and
lightly brushed with the disinfectant-detergent cleaning solution (cleaning solution), the ex‐
terior of the endoscope should be wiped with a soft cloth saturated with the cleaning solu‐
tion, and the biopsy or working channel of the endoscope should be filled with the cleaning
solution and brushed the entire length several times with a tight-fitting brush. Insert the
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brush into the channel until the brush emerges from the channel. Brush the channel repeat‐
edly about three or four times. Allow the brush to emerge from the channels submerged
within the cleaning solution to avoid a splattering of microbes in the air. The air-water chan‐
nel is too small to brush, and care should be taken to ensure that this small channel is not
blocked and is filled with the cleaning solution. This wiping and brushing of all parts of the
endoscope with the cleaning solution should continue for about 5.0 min which allows the
disinfectant to kill many of any contaminating microbes. This cleaning procedure is com‐
pleted by triple-rinsing all parts and sections of the endoscope with fresh warm tap water.
Some cleaning solutions contain enzymes, and enzymes are not antimicrobial, and are not
compatible with disinfectants. Enzymes require at least body temperature (35 °C) and many
minutes to function. Enzymes are proteins, and it is proteins such as blood and tissues that
are being removed from the endoscopes. For those reasons, especially the fact that enzyme-
detergent combinations are not antimicrobial, and are not compatible with disinfectants,
these enzyme-detergent combinations are not recommended by this author for cleaning en‐
doscopes. Enzyme products are useful as a soak to dissolve clogged air/water channels that
are too narrow to be brushed. The purpose of using a disinfectant-detergent cleaning solu‐
tion during this cleaning stage is to remove organic soil (blood, mucous, fecal matter), and
lower the number of microbes on the endoscope in advance of the final stage of disinfecting
or sterilizing, and to protect the technician and the environment from a splattering of wash
water containing potentially infectious microbes.

4. High level disinfection of the endoscope

After the endoscope and all of its parts have been cleaned as described above in a disinfec‐
tant-detergent cleaning solution, and thoroughly triple-rinsed with tap water to remove the
disinfectant-detergent, the rinsed endoscope should then be soaked in a high level disinfec‐
tant at the labeled exposure time and temperature for any particular high level disinfectant.
A high level disinfectant is a disinfectant that is labeled to kill all Gram-Positive and Gram-
Negative vegetative bacteria, all fungi, all mycobacteria (TB), and all types of viruses, hydro‐
phylic and lipophylic, within the labeled exposure time and temperature. High level
disinfectants are also able to kill bacterial spores and spore-forming bacteria, although it
takes a longer time to kill high numbers of bacterial spores than to kill vegetative microbes.
After the initial disinfection and rinse in the procedure room, and the procedure of cleaning
the endoscope with the disinfectant-detergent cleaning solution, the number of spore-form‐
ing bacteria on the endoscope should be very low, and thus this disinfecting procedure will
also remove and kill many bacterial spores.

5. Sterilization of an endoscope

The procedure to sterilize an endoscope contains all the steps for cleaning and high level
disinfection of an endoscope as described above, but the exposure time for sterilization is
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or over a weekend or holiday to unsafe numbers, or begin to form a biofilm within the chan‐
nels of the endoscope. Certain microbes such as Staphylococcus aureus, Pseudomonas aerugi‐
nosa, or Escherichia coli can divide every 60 minutes or faster in dark, moist, and warm
conditions. Just 10 or 20 microbes remaining in an endoscope at 4:00 PM can multiply to about
one million colony forming units by the time of the 1st case at about 8:00 AM the next day, and
many more if the starting number is higher than “just 10 or 20” if there is enough substrate to
sustain a population that size. The hospital laboratory or a contract laboratory/microbiologist
can be a valuable ally to know by testing how many microbes are in the channels of an endo‐
scope after a cleaning/disinfecting procedure, or after a storage interval. It takes only a few mi‐
nutes for a microbiologist to flush recovery solutions through an endoscope, and then assay
those fluids to validate the numbers, if any, of microbes within the channels of an endoscope.
At intervals of about three or four months, or after newly trained personnel begin to process
and disinfect endoscopes, or the disinfecting procedure is modified, a sampling of the endo‐
scopes should be cultured to validate that the endoscopes are indeed disinfected, and any
numbers of bacteria in the endoscopes are very low. B.T. Petersen, et. al. is another publication
regarding methods for reprocessing flexible endoscopes [1].

3. Cleaning endoscopes

The initial cleaning step happens in the Procedure Room when the insertion tube is removed
from the patient and wiped with a gauze pad saturated with a disinfectant, and the internal
air, suction, and water channels are flushed with water. This initial cleaning step removes
much of the organic soil and probably removes and kills at least 99% of any microbes on the
endoscope. The endoscope is then transported in a plastic bin to the reprocessing room and
tested for possible leaks. The control valves are removed, and the endoscope and all parts
(valves) are submerged in a deep stainless steel sink (or plastic basin) with about two or
three gallons of warm tap water with a disinfectant-detergent solution. The endoscope
should be cleaned within about 30.0 min of leaving the procedure room, and not allowed to
dry. Organic soil and microbes are much more difficult to remove and to kill after they be‐
come dry than when they are wet. A disinfectant-detergent cleaning solution is a concen‐
trate of a low-foaming surfactant (detergent) and disinfectant. These disinfectant-detergent
cleaning solutions are concentrates intended and labeled to be diluted in the range of 1:16 to
1:32. The label will give the exact dilution to be used, and also identify that the solution will
kill Gram-positive and Gram-negative bacteria, fungi, and hydrophylic and lipophylic vi‐
ruses, (and possibly even mycobacteria and some spores or spore-forming bacteria, depend‐
ing on the particular disinfectant-detergent chosen). Labels that use the scientific names of
microbes can be difficult for non-microbiologists to understand. The hospital laboratory, or
any microbiologist, can help to translate the label into common terms such as Gram positive
or Gram negative bacteria, fungi, and viruses. The disassembled valves should be flexed and
lightly brushed with the disinfectant-detergent cleaning solution (cleaning solution), the ex‐
terior of the endoscope should be wiped with a soft cloth saturated with the cleaning solu‐
tion, and the biopsy or working channel of the endoscope should be filled with the cleaning
solution and brushed the entire length several times with a tight-fitting brush. Insert the
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brush into the channel until the brush emerges from the channel. Brush the channel repeat‐
edly about three or four times. Allow the brush to emerge from the channels submerged
within the cleaning solution to avoid a splattering of microbes in the air. The air-water chan‐
nel is too small to brush, and care should be taken to ensure that this small channel is not
blocked and is filled with the cleaning solution. This wiping and brushing of all parts of the
endoscope with the cleaning solution should continue for about 5.0 min which allows the
disinfectant to kill many of any contaminating microbes. This cleaning procedure is com‐
pleted by triple-rinsing all parts and sections of the endoscope with fresh warm tap water.
Some cleaning solutions contain enzymes, and enzymes are not antimicrobial, and are not
compatible with disinfectants. Enzymes require at least body temperature (35 °C) and many
minutes to function. Enzymes are proteins, and it is proteins such as blood and tissues that
are being removed from the endoscopes. For those reasons, especially the fact that enzyme-
detergent combinations are not antimicrobial, and are not compatible with disinfectants,
these enzyme-detergent combinations are not recommended by this author for cleaning en‐
doscopes. Enzyme products are useful as a soak to dissolve clogged air/water channels that
are too narrow to be brushed. The purpose of using a disinfectant-detergent cleaning solu‐
tion during this cleaning stage is to remove organic soil (blood, mucous, fecal matter), and
lower the number of microbes on the endoscope in advance of the final stage of disinfecting
or sterilizing, and to protect the technician and the environment from a splattering of wash
water containing potentially infectious microbes.

4. High level disinfection of the endoscope

After the endoscope and all of its parts have been cleaned as described above in a disinfec‐
tant-detergent cleaning solution, and thoroughly triple-rinsed with tap water to remove the
disinfectant-detergent, the rinsed endoscope should then be soaked in a high level disinfec‐
tant at the labeled exposure time and temperature for any particular high level disinfectant.
A high level disinfectant is a disinfectant that is labeled to kill all Gram-Positive and Gram-
Negative vegetative bacteria, all fungi, all mycobacteria (TB), and all types of viruses, hydro‐
phylic and lipophylic, within the labeled exposure time and temperature. High level
disinfectants are also able to kill bacterial spores and spore-forming bacteria, although it
takes a longer time to kill high numbers of bacterial spores than to kill vegetative microbes.
After the initial disinfection and rinse in the procedure room, and the procedure of cleaning
the endoscope with the disinfectant-detergent cleaning solution, the number of spore-form‐
ing bacteria on the endoscope should be very low, and thus this disinfecting procedure will
also remove and kill many bacterial spores.

5. Sterilization of an endoscope

The procedure to sterilize an endoscope contains all the steps for cleaning and high level
disinfection of an endoscope as described above, but the exposure time for sterilization is
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longer than for disinfection in order to kill spores and spore-forming bacteria [2]. The label
of the high level disinfectant will identify the sterilization soak time, which can be many
hours. Also, the final rinse should be with sterilized water rather than ordinary tap water.
Air should be forced through the internal channels with a syringe to dry them, and the en‐
doscope should be stored in some sterile manner such as covering the endoscope with a
sterile wrap or cloth. Hang the endoscope so it can further drip dry.

6. Protective clothing

Although care is  taken to not splash contaminated water from an endoscope during re‐
processing,  there  will  be  some splash and splatter  as  brushes  emerge from the  internal
channels,  and otherwise.  Personnel  should wear  a  plastic  face  shield covering the  eyes,
nose,  and  mouth;  hair  covering;  elbow-length  rubber  gloves;  and  long-sleeved,  water-
proof gowns or coats.

7. Examples of disinfectant-detergent cleaning solutions

A disinfectant-detergent cleaning solution will be a concentrate intended to be diluted with
tap water, usually 16- or 32-fold. The detergent should be anionic or non-ionic, low foaming,
and easily rinsed from the endoscope. Use the lowest concentration (highest dilution) rec‐
ommended to facilitate rinsing and removal of the disinfectant-detergent solution. There are
dozens of these disinfectant-detergents listed on the US Environmental Protection Agency
(EPA) web site. Local Sales Representatives will also be able to provide written descriptions
and access to disinfectant-detergent concentrates. They contain modified phenolic chemicals
(phenylphenol, amylphenol, etc); quaternary ammonium chemicals (dimethyl benzyl am‐
monium chloride); sodium hypochlorite/bleach; iso- or ethyl alcohol; or other common dis‐
infectants. These disinfectant-detergents are being used in the cleaning stage to clean
organic material from the endoscopes by way of the detergent, to lower the bioburden of
microbes on the endoscope by way of the disinfectant, and to provide some respite to the
environment and to the operator from the microbes inevitably splashed with the cleaning
water. Several endoscopes can be cleaned in a basin filled with the diluted disinfectant-de‐
tergent at one time. Discard/drain the disinfectant-detergent cleaning solution after each en‐
doscope cleaning procedure. The basin could be repeatedly drained and filled with tap
water to triple rinse the endoscopes, or additional basins could be used for rinse water.

8. Examples of high level disinfectants

High level disinfectants are able to kill high numbers of all vegetative bacteria, fungi, vi‐
ruses, and mycobacteria within a relatively brief exposure time such as about 10.0 min to
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20.0 min at temperatures of about 20 °C to about 25 °C. The label of the high level disin‐
fectant will have an exposure time and temperature. However, if the cleaning procedure
used  a  disinfectant-detergent  which  would  have  killed  large  numbers  of  microbes,  the
high level disinfectant exposure time can be shortened to 20.0 min. With a longer expo‐
sure time such as hours,  a  high level  disinfectant can also kill  highly resistant forms of
bacterial spores. Alkaline glutaraldehyde solutions (Cidex Solution), solutions of glutaral‐
dehyde enhanced with isopropanol (Aldahol High Level Disinfectant), and peracetic acid
solutions  are  high  level  disinfectants.  The  sterilization  time  for  Ortho-Phthalaldehyde
(OPA) is 32 hours, which is not practical, and OPA is not labelled as a sterilant. Alkaline
glutaraldehyde solutions with and without isopropanol,  and peracetic acid solutions are
highly soluble in water, and thus are easily rinsed from endoscopes. OPA has a low solu‐
bility in water, and is difficult to rinse away from endoscopes with any practical number
of  rinses  [3].  Trade names of  some high level  disinfectants  are  Cidex Activated Dialde‐
hyde Solution, Aldahol High Level Disinfectant [4], Rapicide High Level Disinfectant, Re‐
sert XL HLD, and Acecide High Level Disinfectant.

9. Automatic endoscope reprocessing machines

Automatic endoscope reprocessing (AER) machines are available. Some of these AER ma‐
chines also claim to be able to clean the endoscopes as well as to disinfect them. The clean‐
ing action of the cleaning solution for these AER machines is by force rather than by brush,
and this author is skeptical that such forceful rinsing is able to clean the channels of endo‐
scopes as well as a brush. If an AER machine is used, the endoscope should be manually
brushed before it is placed into the machine. Duodenoscopes have an elevator wire channel
that must be manually cleaned regardless of a final clean in a machine.

10. Protection from irritating disinfectant vapors

Glutaraldehyde solutions, glutaraldehyde-isopropanol solutions, and peracetic acid solu‐
tions all have irritating and sensitizing chemical vapors. These solutions should be con‐
tained and used in a manner to protect workers from the irritating and sensitizing chemical
vapors. This can be done by soaking the cleaned endoscope in a covered container of the
disinfectant, and/or working in a hood that ventilates the chemical vapors through a filter to
remove the vapors, or ventilates the vapors to outside air. If a hood is not available, a small
fan can be positioned to blow the chemical vapors away from the operator. Any spilled high
level disinfectant should be immediately cleaned up. Serious and effective efforts must be
made to ventilate and eliminate and protect personnel from the vapors of glutaraldehyde,
OPA, and peracetic acid.
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11. Biofilms

The interior channels of endoscopes can be convoluted, and the air-water channel is too nar‐
row to brush. Therefore it is possible over time for the channels of an endoscope to develop
a film of microbes, called a biofilm. Endoscope channels that contain a biofilm cannot be dis‐
infected [5]. Detection of a biofilm is one reason why endoscopes should be periodically cul‐
tured. Biofilms can be removed by soaking the endoscope and all of its channels in an
enzyme detergent for a prolonged period of time such as one or two hours, followed by vig‐
orous brushing of the channels. After this prolonged soaking, brushing and rinsing proce‐
dure, the endoscope should again be cultured to determine that the biofilm has been
removed. The hospital laboratory or a contract microbiologist can be the Endoscopists best
friend, and the only way to know for certain that procedures lead to a disinfected endoscope
is to culture the endoscope, at least periodically.
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1. Introduction

Laparoscopic surgery aims to minimize trauma of the interventional process but still ach‐
ieve a satisfactory therapeutic result. It is commonly performed because of various advan‐
tages such as reduced postoperative pain, faster recovery and more rapid return to normal
activities, shorter hospital stay, and reduced postoperative pulmonary complications. The
operative technique requires inflating gas into the abdominal cavity to provide a surgical
procedure. An intra-abdominal pressure (IAP) of 10-15 mmHg is used. Carbon dioxide
(CO2) is commonly used because it does not support combustion, is cleared more rapidly
than other gases, and is highly soluble in blood. However, the disadvantage of CO2 is that
the absorption of CO2 can cause hypercapnia and respiratory acidosis [1].

Laparoscopic cholecystectomy (LC) procedure offers several advantages such as a reduction
in stress response, postoperative pain, postoperative wound infection rate, intraoperative
bleeding, impairment of respiratory function and pulmonary complications, short recovery
time, and cosmetic appearance [1,2]. LC reduces hospital stay but has no overall effect on
postoperative mortality [3]. The risk factors for perioperative complications in patients un‐
dergoing LC can be estimated based on patient characteristics, clinical findings and the sur‐
geon’s experience [4]. The advantages should to be balanced with potential adverse effects
caused by CO2 pneumoperitoneum.

The physiological effects of intra-abdominal CO2 insufflation combined with the variations
in patient positioning can have a major impact on cardiorespiratory function. In addition,
the sequential effects of anesthesia combine to produce a characteristic hemodynamic re‐
sponse. A thorough understanding of these physiological changes is fundamental for opti‐
mal anesthetic care. Several anesthetic techniques can be performed for LC. General
anesthesia using balanced anesthetic technique including intravenous drugs, inhalation
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agents and muscle relaxants is usually used. Short acting drugs such as propofol, atracur‐
irm, vecuronium, sevoflurane or desflurane represent the maintenance drugs of choice. Pre‐
procedure assessment and preparation, appropriate monitoring and a high index of
suspicion can result in early diagnosis and treatment of complications.

2. Pathophysiological effects during laparoscopic cholecystectomy

2.1. Physiological effects of pneumoperitoneum

Carbon dioxide was shown to be affected by raising the intra-abdominal pressure (IAP)
above the venous pressure which prevents CO2 resorption leading to hypercapnia. Hyper‐
capnia activates the sympathetic nervous system leading to an increase in blood pressure,
heart rate, arrhythmias and myocardial contractility as well as it also sensitizes myocardium
to catecholamines [5]. Increased IAP may compress venous vessels causing an initial in‐
crease in preload, followed by a sustained decrease in preload.

2.2. Respiratory effects

The changes in pulmonary function during LC include reduction in lung volumes, decrease
in pulmonary compliance, and increase in peak airway pressure [6]. Increased IAP shifts the
diaphragm cephalad and reduces diaphragmatic excursion, resulting in early closure of
smaller airways leading to intraoperative atelectasis with a decrease in functional residual
capacity. Additionally, the upward displacement of diaphragm leads to preferential ventila‐
tion of nondependent parts of lung, which results in ventilation-perfusion (V/Q) mismatch
with a higher degree of intrapulmonary shunting. Oxygenation is minimally affected with
no significant change in alveolar arterial oxygen gradient [7]. Higher IAP reduces the thora‐
cic compliance and may cause pneumothorax and pneumomediastinum due to the in‐
creased in alveolar pressures [6].

2.3. Cardiovascular effects

Hemodynamic changes include the alterations in arterial blood pressure, arrhythmias and
cardiac arrest. These cardiovascular changes depend on the interaction of several factors in‐
cluding patient positioning, neurohumoral response and the patient factors such as cardior‐
espiratory status and intravascular volume. The principal responses are an increase in
systemic vascular resistance, mean arterial blood pressure and myocardial filling pressures,
with little change in heart rate [2]. CO2 pneumoperitoneum is associated with increased pre‐
load and afterload in patients undergoing LC. It also decreased heart performance (fraction‐
al shortening), but does not affect cardiac output [8]. The patients with normal
cardiovascular function are able to well tolerate these hemodynamic changes. At IAP levels
greater than 15 mmHg, venous return decreases leading to decreased cardiac output and hy‐
potension [9]. However, these changes are short lived and have no statistical significance at
10 minutes from the time that the patient undergoes pneumoperitoneum [10].

Endoscopy40

Bradyarrhythmias are attributed to vagal stimulation caused by insertion of the needle or
the trocar, peritoneal stretch, stimulation of the fallopian tube during bipolar electrocauteri‐
zation, or carbon dioxide embolization [11]. These may induce cardiovascular collapse dur‐
ing laparoscopy even in the healthy patients. Increased concentrations of CO2 and
catecholamines can create tachyarrhythmias. Paroxysmal tachycardia and hypertension, fol‐
lowed by ventricular fibrillation, have been reported [12].

2.4. Effects of other systems

Increases in IAP, cardiovascular responses to peritoneal insufflations, changes in patient po‐
sition and alterations in CO2 concentration can alter intracranial pressure (ICP) and cerebral
perfusion. ICP shows a significant further increase. Cerebral blood flow has been shown to
increase significantly during CO2 insufflation.

Pneumoperitoneum reduces renal cortical and medullary blood flow with an associated re‐
duction in glomerular filtration rate (GFR), urinary output and creatinine clearance [2]. The
reduction of renal blood flow may be due to a direct pressure effect on renal cortical blood
flow and renal vascular compression as well as an increase in antidiuretic hormone (ADH),
aldosterone and renin. Pretreatment with an ADH antagonist improves urine output and
urea excretion despite an unaltered GFR.

Increased in IAP reduces femoral venous blood flow. This is due to increased pressure on
the inferior vena cava and iliac veins, which reduces venous blood flow in the lower ex‐
tremetries. It also has been shown to reduce the portal blood flow, which may lead to transi‐
ent elevation of liver enzymes.

The C-reactive protein and interleukin-6 levels are less elevated after laparoscopy compared
to the open surgery, suggesting an attenuation of the surgical inflammatory response [13].

Patient positions can further compromise cardiac and respiratory functions,  can increase
the risk of regurgitation and can result in peripheral nerve injuries. Head-up position re‐
duces venous return,  cardiac output,  cardiac index and mean arterial  blood pressure as
well  as  an  increase  in  peripheral  and pulmonary vascular  resistance  [5,14].  Head-down
position increases volume and cardiac output back towards normal. Respiratory function
is  impaired  because  of  the  cephalad  shifting  of  diaphragm  is  exaggerated.  Intracranial
pressure is increased.

3. Anesthetic management

3.1. Preoperative assessment

The general health status of each patient must be evaluated. History and physical examina‐
tions are generally sufficient techniques. The patients with cardiorespiratory diseases re‐
quire additional investigation. To aid in assessment risk, the American Society of
Anesthesiologists (ASA) has developed a classification system for patients, which categoriz‐

Anesthetic Management for Laparoscopic Cholecystectomy
http://dx.doi.org/10.5772/52742

41



agents and muscle relaxants is usually used. Short acting drugs such as propofol, atracur‐
irm, vecuronium, sevoflurane or desflurane represent the maintenance drugs of choice. Pre‐
procedure assessment and preparation, appropriate monitoring and a high index of
suspicion can result in early diagnosis and treatment of complications.

2. Pathophysiological effects during laparoscopic cholecystectomy

2.1. Physiological effects of pneumoperitoneum

Carbon dioxide was shown to be affected by raising the intra-abdominal pressure (IAP)
above the venous pressure which prevents CO2 resorption leading to hypercapnia. Hyper‐
capnia activates the sympathetic nervous system leading to an increase in blood pressure,
heart rate, arrhythmias and myocardial contractility as well as it also sensitizes myocardium
to catecholamines [5]. Increased IAP may compress venous vessels causing an initial in‐
crease in preload, followed by a sustained decrease in preload.

2.2. Respiratory effects

The changes in pulmonary function during LC include reduction in lung volumes, decrease
in pulmonary compliance, and increase in peak airway pressure [6]. Increased IAP shifts the
diaphragm cephalad and reduces diaphragmatic excursion, resulting in early closure of
smaller airways leading to intraoperative atelectasis with a decrease in functional residual
capacity. Additionally, the upward displacement of diaphragm leads to preferential ventila‐
tion of nondependent parts of lung, which results in ventilation-perfusion (V/Q) mismatch
with a higher degree of intrapulmonary shunting. Oxygenation is minimally affected with
no significant change in alveolar arterial oxygen gradient [7]. Higher IAP reduces the thora‐
cic compliance and may cause pneumothorax and pneumomediastinum due to the in‐
creased in alveolar pressures [6].

2.3. Cardiovascular effects

Hemodynamic changes include the alterations in arterial blood pressure, arrhythmias and
cardiac arrest. These cardiovascular changes depend on the interaction of several factors in‐
cluding patient positioning, neurohumoral response and the patient factors such as cardior‐
espiratory status and intravascular volume. The principal responses are an increase in
systemic vascular resistance, mean arterial blood pressure and myocardial filling pressures,
with little change in heart rate [2]. CO2 pneumoperitoneum is associated with increased pre‐
load and afterload in patients undergoing LC. It also decreased heart performance (fraction‐
al shortening), but does not affect cardiac output [8]. The patients with normal
cardiovascular function are able to well tolerate these hemodynamic changes. At IAP levels
greater than 15 mmHg, venous return decreases leading to decreased cardiac output and hy‐
potension [9]. However, these changes are short lived and have no statistical significance at
10 minutes from the time that the patient undergoes pneumoperitoneum [10].

Endoscopy40

Bradyarrhythmias are attributed to vagal stimulation caused by insertion of the needle or
the trocar, peritoneal stretch, stimulation of the fallopian tube during bipolar electrocauteri‐
zation, or carbon dioxide embolization [11]. These may induce cardiovascular collapse dur‐
ing laparoscopy even in the healthy patients. Increased concentrations of CO2 and
catecholamines can create tachyarrhythmias. Paroxysmal tachycardia and hypertension, fol‐
lowed by ventricular fibrillation, have been reported [12].

2.4. Effects of other systems

Increases in IAP, cardiovascular responses to peritoneal insufflations, changes in patient po‐
sition and alterations in CO2 concentration can alter intracranial pressure (ICP) and cerebral
perfusion. ICP shows a significant further increase. Cerebral blood flow has been shown to
increase significantly during CO2 insufflation.

Pneumoperitoneum reduces renal cortical and medullary blood flow with an associated re‐
duction in glomerular filtration rate (GFR), urinary output and creatinine clearance [2]. The
reduction of renal blood flow may be due to a direct pressure effect on renal cortical blood
flow and renal vascular compression as well as an increase in antidiuretic hormone (ADH),
aldosterone and renin. Pretreatment with an ADH antagonist improves urine output and
urea excretion despite an unaltered GFR.

Increased in IAP reduces femoral venous blood flow. This is due to increased pressure on
the inferior vena cava and iliac veins, which reduces venous blood flow in the lower ex‐
tremetries. It also has been shown to reduce the portal blood flow, which may lead to transi‐
ent elevation of liver enzymes.

The C-reactive protein and interleukin-6 levels are less elevated after laparoscopy compared
to the open surgery, suggesting an attenuation of the surgical inflammatory response [13].

Patient positions can further compromise cardiac and respiratory functions,  can increase
the risk of regurgitation and can result in peripheral nerve injuries. Head-up position re‐
duces venous return,  cardiac output,  cardiac index and mean arterial  blood pressure as
well  as  an  increase  in  peripheral  and pulmonary vascular  resistance  [5,14].  Head-down
position increases volume and cardiac output back towards normal. Respiratory function
is  impaired  because  of  the  cephalad  shifting  of  diaphragm  is  exaggerated.  Intracranial
pressure is increased.

3. Anesthetic management

3.1. Preoperative assessment

The general health status of each patient must be evaluated. History and physical examina‐
tions are generally sufficient techniques. The patients with cardiorespiratory diseases re‐
quire additional investigation. To aid in assessment risk, the American Society of
Anesthesiologists (ASA) has developed a classification system for patients, which categoriz‐

Anesthetic Management for Laparoscopic Cholecystectomy
http://dx.doi.org/10.5772/52742

41



es individuals on a general health basis. In this preoperative assessment, there are no differ‐
ences in a routine practice between the laparoscopy and the open surgery.

3.2. Patient monitoring

Appropriate patient selection with proper monitoring to detect and reduce complications
must be used to ensure optimal anesthesia care during LC. Standard intraoperative monitor‐
ing including noninvasive blood pressure, electrocardiogram, pulse oximeter, airway pres‐
sure, end tidal carbon dioxide (ETCO2), body temperature and peripheral nerve stimulation
is routinely used. Invasive hemodynamic monitoring may be appropriate in the patients
with hemodynamic unstable or those with compromised cardiopulmonary function [1].

ETCO2 is most commonly used as a noninvasive indicator of PaCO2 in evaluating the ade‐
quacy of ventilation. Careful consideration should be taken for the gradient between PaCO2

and the tension of CO2 in expired gas (PECO2) because of V/Q mismatch. However, in the
patients with compromised cardiopulmonary function, the gradient between PaCO2 and PE‐
CO2 increases to become unpredictable. Direct arterial blood gas analysis may be considered
to detect hypercarbia. Generally, the airway pressure monitor is routinely used during inter‐
mittent positive pressure ventilation. The high airway pressure can help detection of exces‐
sive elevation in IAP.

3.3. Anesthetic techniques

Various anesthetic techniques can be performed for LC. However, general anesthesia with
endotracheal intubation for controlled ventilation is the most common anesthetic technique.
In short procedures and in certain patients, ventilation using supraglottic airway device can
be used as an alternative. General anesthesia without endotracheal intubation can be used
safely and effectively with a ProSeal laryngeal mask airway in non-obese patients [15]. The
use of laryngeal mask airway results in less sore throat and provide smoother emergence
with less post-extubation coughing compared with endotracheal intubation [16].

3.3.1. General anesthesia

General anesthesia using balanced anesthesia technique including inhalation agents, intra‐
venous drugs and muscle relaxant drugs is usually used. The uses of rapid and short acting
volatile anesthetics such as sevoflurane and desflurane as well as rapid and short acting in‐
travenous drugs such as propofol, etomidate, remifentanil, fentanyl, atracurium, vecuroni‐
um and rocuronium are commonly used and have allowed anesthesiologists to more
consistently achieve a recovery profile. Propofol is effective and safe even in children and
elderly patients [17-21].

Ventilation should be adjusted to keep ETCO2 of around 35 mmHg by adjusting the minute
ventilation [1]. In patients with chronic obstructive pulmonary disease and in patients with
a history of spontaneous pneumothorax or bullous emphysema, an increase in respiratory
rate rather than tidal volume is preferable to avoid increased alveolar inflation and reduce
the risk of pneumothorax [22].
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Furthermore, the use of an auditory evoked potential or Bispectral index monitor to titrate
the volatile anesthetics leads to a significant reduction in the anesthetic requirement, result‐
ing in a shorter postanesthesia care stay and an improved quality of recovery from the pa‐
tient’s perspective [23].

Combination of local anesthetic wound infiltration, intraperitoneum spray of local anesthet‐
ic, paracetamol and non-steroidal anti-inflammatory drugs or cyclooxygenase 2 inhibitors
provides the most effective pain relief, which can be supplemented with small doses of
opioids.

3.3.2. Regional anesthesia

Several advantages of regional anesthesia technique are quicker recovery, decreased postop‐
erative nausea and vomiting, fewer hemodynamic changes, less postoperative pain, shorter
hospital stay, early diagnosis of complications, improved patient satisfaction and cost effec‐
tiveness [24]. This anesthetic technique requires a cooperative patient, low IAP to reduce
pain and ventilation disturbances, gentle surgical technique and a supportive operating
room staff. However, regional anesthesia technique is not commonly used for LC. This tech‐
nique should be performed in combination with other anesthetic techniques. Local anesthet‐
ic infiltration at the trocar site combined with general anesthesia significantly reduces
postoperative pain and decreases medication usage costs [25]. Additionally, subcostal trans‐
versusabdominis block provides superior postoperative analgesia, improves theater efficien‐
cy by reducing time to discharge from the recovery unit and reduces opioid requirement
following LC [26]. Bilateral paravertebral blockade at T5-6 level combined with general an‐
esthesia can be used for LC [27].

Mehta and college had been conducted a prospective, randomized, controlled trial to com‐
pare spinal anesthesia with the gold standard general anesthesia for elective LC in the
healthy patients. Their study demonstrated that spinal anesthesia was adequate and safe for
LC in otherwise healthy patients and offered better postoperative pain control than general
anesthesia without limiting the recovery [28]. The interim analysis of a controlled random‐
ized trial is also confirmed [29]. Thoracic epidural anesthesia with 0.75% ropivacaine and
fentanyl for elective LC is also efficacious and has preserved ventilation and hemodynamic
changes within physiological limits during pneumoperitoneum with minimal treatable side
effects [30]. In addition, epidural anesthesia might be applicable for LC. However, the inci‐
dence rate of intraoperative referred pain is high, and so careful patient recruitment and
management of shoulder pain should be considered [31].

4. Intraoperative complications

Misplacement of the needle can lead to intravascular, subcutaneous tissue, preperitoneal
space, bowel, and omentum. Inadvertent insufflation of gas into intravascular vessels, tear
of abdominal wall or peritoneal vessels, can produce to gas embolism. Although, it is rare
but it is a potentially lethal complication and can result in severe hypotension, cyanosis, ar‐
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is routinely used. Invasive hemodynamic monitoring may be appropriate in the patients
with hemodynamic unstable or those with compromised cardiopulmonary function [1].

ETCO2 is most commonly used as a noninvasive indicator of PaCO2 in evaluating the ade‐
quacy of ventilation. Careful consideration should be taken for the gradient between PaCO2

and the tension of CO2 in expired gas (PECO2) because of V/Q mismatch. However, in the
patients with compromised cardiopulmonary function, the gradient between PaCO2 and PE‐
CO2 increases to become unpredictable. Direct arterial blood gas analysis may be considered
to detect hypercarbia. Generally, the airway pressure monitor is routinely used during inter‐
mittent positive pressure ventilation. The high airway pressure can help detection of exces‐
sive elevation in IAP.

3.3. Anesthetic techniques

Various anesthetic techniques can be performed for LC. However, general anesthesia with
endotracheal intubation for controlled ventilation is the most common anesthetic technique.
In short procedures and in certain patients, ventilation using supraglottic airway device can
be used as an alternative. General anesthesia without endotracheal intubation can be used
safely and effectively with a ProSeal laryngeal mask airway in non-obese patients [15]. The
use of laryngeal mask airway results in less sore throat and provide smoother emergence
with less post-extubation coughing compared with endotracheal intubation [16].

3.3.1. General anesthesia

General anesthesia using balanced anesthesia technique including inhalation agents, intra‐
venous drugs and muscle relaxant drugs is usually used. The uses of rapid and short acting
volatile anesthetics such as sevoflurane and desflurane as well as rapid and short acting in‐
travenous drugs such as propofol, etomidate, remifentanil, fentanyl, atracurium, vecuroni‐
um and rocuronium are commonly used and have allowed anesthesiologists to more
consistently achieve a recovery profile. Propofol is effective and safe even in children and
elderly patients [17-21].

Ventilation should be adjusted to keep ETCO2 of around 35 mmHg by adjusting the minute
ventilation [1]. In patients with chronic obstructive pulmonary disease and in patients with
a history of spontaneous pneumothorax or bullous emphysema, an increase in respiratory
rate rather than tidal volume is preferable to avoid increased alveolar inflation and reduce
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rhythmias and asystole. Subcutaneous emphysema may occur after direct subcutaneous gas
insufflations. The majority of subcutaneous emphysema has no specific intervention. It can
resolve soon after the abdomen is deflated and nitrous oxide is discontinued to ovoid expan‐
sion of closed space.

Pneumothorax can occur when the airway pressure is high. The gas traverses into the thorax
through the tear of visceral peritoneum, parietal pleura during dissection, or spontaneous
rupture of pre-existing emphysematous bulla [1]. Pneumothorax can be asymptomatic or
can increase the peak airway pressure, decrease oxygen saturation, hypotension, and even
cardiac arrest in severe cases. The treatment is according to the severity of cardiopulmonary
compromise [32].

Extension of subcutaneous emphysema into thorax and mediastinum can lead to pneumo‐
mediastinum. Pneumopericardium can occur when the gas is forced through the inferior
vena cava into the mediastinum and pericardium. Their managements depend on the se‐
verity of the cardiovascular dysfunction.

The other complications can be presented. Accidental insertion of the trocar or needle in‐
to the major or minor vessels, gastrointestinal tract injuries and urinary tract injuries can
occur [32].

5. Postoperative period

The efficacy of post-anesthesia care units is therefore important to facilitate return to normal
functions. In the early postoperative period, respiratory rate and ETC02 of laparoscopic pa‐
tients breathing spontaneously are higher as compared with open surgery. So, the ventila‐
tion requirement is increased. The patients with respiratory dysfunction can have problems
excreting excessive CO2 load, which results in more hypercapnia. Additionally, the patients
with cardiovascular diseases are more prone to hemodynamic changes and instabilities.

Although LC results in less discomfort compared with the open surgery, postoperative pain
still can be considerable. Several medications used intraoperatively for prevention and treat‐
ment of postoperative pain are the uses of local anesthesia, opioids, nonsteroidal anti-in‐
flammatory drugs, and multimodal analgesia techniques. Additionally, preprocedure
administration of parecoxib is clinically effective [33].

Postoperative nausea and vomiting (PONV) is a common and distressing symptom follow‐
ing LC. The use of multimodal analgesia regimens and the reduction of opioid doses are
likely to reduce the incidence of PONV. Propofol-based anesthesia has been associated with
reduced PONV [34]. Ondansetron has been found to provide effective prophylaxis against
PONV [35]. Administration of ondansetron at the end of surgery produces a significantly
greater anti-emetic effect compared to pre-induction dosing. Reduced preoperative anxiety
by providing more information should also relieve postoperative adverse effects in order to
promote faster and better postoperative recovery period.
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6. Summary

Laparoscopic cholecystectomy has proven to be a major advance in the treatment of patients
with symptomatic gall bladder diseases. Several advantages from this procedure are mini‐
mal tissue trauma, reduction of postoperative pain, quicker recovery, shortening the hospi‐
tal stay. Pneumoperitoneum induces intraoperative cardiorespiratory changes. Arterial CO2

increases because of CO2 absorption from the pneumoperitoneum. Improved knowledge of
pathophysiological changes in the patients allows for successful anesthetic management.
Proper patient selection and preparation as well as adequate monitoring should be per‐
formed. General anesthesia and controlled ventilation comprise the accepted anesthetic
technique. Balanced anesthesia technique including inhalation agent, intravenous drug and
muscle relaxant is commonly used. Intraoperative complications may arise due to physio‐
logic changes associated with patient positioning and pneumoperitoneum. Multimodal an‐
algesic regimen combining opioids, non-steroidal anti-inflammatory drugs, and local
anesthetic infiltration is the most effective regimen for postoperative pain management.
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1. Introduction

Adhesions are defined as abnormal attachments between tissues and organs [1]. Intra-ab‐
dominal adhesions may be classified as congenital or acquired [2]. Congenital adhesions are
a consequence of embryological anomaly in the development of the peritoneal cavity. Ac‐
quired adhesions result from the inflammatory response of the peritoneum that arises after
intra-abdominal inflammatory processes (e.g. acute appendicitis, pelvic inflammatory dis‐
ease, exposure to intestinal contents and previous use of intrauterine contraceptive devices),
radiation and surgical trauma [3]. It has been reported that the majority of acquired adhe‐
sions (about 90%) are post-surgical [2].

Factors associated with the formation of post-surgical adhesions include tissue trauma, in‐
fection, ischaemia,reaction to foreign bodies (sutures, powder from gloves, gauze particles
etc.), haemorrhage, tissue overheating or desiccation and exposure to irrigation fluids [4].
The incidence of intra-abdominal adhesions ranges from 67% to 93% after general surgical
abdominal operations and from 60% to 90% after gynecological procedures. Not unexpect‐
edly, adhesion formation is considered one of the most common post-operative complica‐
tions [2,5]. Post-surgically, many adhesions may be asymptomatic or can lead to a broad
spectrum of clinical problems, including intestinal obstruction, chronic pelvic or abdominal
pain and female infertility, requiring re-admission and often additional surgery, while at the
same time they can complicate future surgical procedures [6]. Adhesion-related re-opera‐
tions are a common consequence of gynecological procedures and adhesiolysis is followed
by a high incidence of adhesion reformation and de-novo adhesion formation [7].

The major strategies for adhesion prevention in gynecological surgery aim at the optimiza‐
tion of surgical technique and use of adhesion-prevention agents. Laparoscopic surgery in
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gynecology represents the most innovative surgical approach, compared with laparotomy
since it has been shown from a large number of clinical, but also experimental studies, that
is associated with less development of de novo adhesions. Without any doubt, the most im‐
portant factor is the operating surgeon, whose attention to proper surgical technique will
serve as a mainstay for adhesion formation.

2. Mechanism of adhesion development

The mechanism of adhesion formation represents a variation of the physiological healing
process [8]. The process of peritoneal healing differs from that of other tissues. Peritoneal
defects heal by a process of metaplasia from the underlying mesenchyme, partly from mi‐
gration of epithelial cells from the free peritoneal fluid and minimally through proliferation
of epithelial cells from the defect’s edges. Consequently, peritoneal wounds need the same
time to heal regardless of their size, in contrast with other tissues, such as the skin, where
large injuries take longer to heal than do small injuries [9]. There is no difference between
peritoneal healing and adhesion formation for the first 3 days after peritoneal injury. Injuries
to the peritoneum cause a disruption of stromal mast cells, resulting in the release of hista‐
mine and vasoactive cinins. Also as a response to trauma, various cytokines, such as inter‐
leukin (IL)-1, IL-6 and tumor necrosis factor-a (TNF-a) are locally released. The cytokines
attract and activate macrophages to secrete vasodilating substances, which in turn, cause an
increase in capillary permeability, leading to the formation of fibrous exudate [10]. Platelets
are an important component of the inflammatory exudate and have the ability to adhere it to
the traumatized surfaces. The platelet degranulation releases adrenaline, transforming
growth factor b and serotonin and contribute to the production of prostaglandins and leuko‐
trienes. The chemokines direct the migration of cells to the injury site, while platelets con‐
tribute to the initial fibrin clot and to the initiation of the coagulation process [11]. The
activation of the coagulation cascade leads to the transformation of the inactive prothrombin
into thrombin that triggers the conversion of fibrinogen into monomers of fibrin, which in‐
teract and polymerize. The initially soluble polymer becomes insoluble by coagulation fac‐
tors such as factor XIIIa [12]. The exudate coagulates within 3 h and forms a fibrinous
material that plugs the defective area and generates attachments between adjacent tissue
surfaces. The presence of blood and post-operative bleeding increases the fibrin deposition.
Most of the fibrin depositions will disperse by fibrinolysis. The fibrinous mass that will re‐
main, results in the organization and formation of adhesions [8]. Polymorphonuclear cells,
macrophages, fibroblasts and mesothelial cells migrate and proliferate into the fibrinous
exudate. Macrophages increase in number, change function and secrete a variety of substan‐
ces that recruit mesothelial cells onto the injured surfaces. Mesothelial cells form islands,
proliferate and cover the injured area. All these cells release a variety of substances such as
plasminogen activator, plasminogen activator inhibitor, arachidonic acid metabolites,reac‐
tive oxygen species, cytokines, IL-1, IL-6, tumor necrosis factor-a, prostaglandin E2, collage‐
nase, elastase and the transforming growth factors leukotriene B4 a and b(TGFa and TGFb).
These factors modulate the process of peritoneal healing and adhesion formation [12-14].
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The deposition is the key step for the healing process and the balance between deposition
and degradation will determine normal peritoneal healing or adhesion formation. The fibrin
absorption is controlled by fibrinolysis. The inactive plasminogen is converted to plasmin
through tissue plasminogen activator (tPA) and urokinase type plasminogen activator
(uPA). The tPA is present in both mesothelium and submesothelial blood vessels of serosal
and peritoneal membranes[12,15]. The fibrinolytic activity normally begins three days after
peritoneal injury and increases to a maximum by day 8. Therefore, those adhesions that will
be formed are in place by day 8, when mesothelial regeneration has been completed [8].
Normal peritoneum has a high fibrolytic activity in order to prevent adhesion formation be‐
tween different tissue surfaces. During the inflammatory process, IL-1 and IL-6 stimulate
epithelial and inflammatory cells to release plasminogen activator inhibitor 1 and 2 (PAI-1
and PAI-2), which inhibit fibrinolytic activity [16]. Patients with extensive adhesions have
been found to have an overexpression of PAI-1 in the peritoneum [17]. Also, the deficient
blood supply, the reduced tissue oxygenation and the release of reactive oxygen species that
frequently co-exist with surgical trauma, decrease the peritoneal fibrinolytic activity [9,18].

3. Adhesion prevention

In order to prevent the development and reformation of post-operative intra-abdominal adhe‐
sions a variety of surgical techniques and adjuvants have been proposed. Agents, that in theory
can modify the mechanism of adhesion formation, have been evaluated in experimental trials
and many of them have been advocated for use during surgery in humans. Surgical techniques
are focused on the limitation of surgical trauma, prevention of ischaemia and exposure of peri‐
toneal cavity to foreign materials (Table 1). Improvement of surgical techniques can potentially
reduce adhesion formation but cannot eliminate it. Anti-adhesive agents can be classified as
pharmacological agents, systemic or intra-peritoneal, and intra-peritoneal barriers (solid or
liquid). Pharmacological agents (Table 2) target the modification of inflammatory reaction
(limitation of fibrin deposition), amplification of fibrin absorption and suppression of fibro‐
blast activity. Barriers (Table 3) are used in order to prevent traumatized peritoneal surface ap‐
position during the healing process so as to prevent tissue adherence [17,19].

Achieving excellent haemostasis and avoiding

local ischaemia

Avoiding foreign bodies (talc, starch)

Avoiding peritoneum suturing or use of fine

non-reactive suture

Minimizing surgical trauma

Minimizing tissue handling

Reducing drying or overheating of tissues

Reducing infection risk

Removing intra-peritoneal blood deposits

Table 1. Surgical techniques for prevention of adhesion formation
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Fibrinolytic agents

Anticoagulants

Anti-inflammatory

agents

Antibiotics

Other agents

Fibrinolysin

Papain

Streptokinase, streptodornase

Urokinase

Hyaluronidase

Chymotrypsin, trypsin, pepsin

Elastase

Recombinant tissue plasminogen activator

Citrates

Oxalates

Heparin

Corticosteroids

Antihistamines

Non-steroidal anti-inflammatory drugs

Tetracycline

Cephalosporin

Progesterone

Oestrogens

Gonadotrophin-releasing hormone agonists

Antiproliferative agents

Aromate inhibitors

Statins

Melatonin

Table 2. Pharmacological anti-adhesive agents

4. Laparoscopy and adhesions

The development of operative laparoscopy in gynaecology was associated with the expecta‐
tion of reduced adhesion formation. Therefore, a large number of experimental and human
clinical trials has been performed, which have shown that, compared with laparotomy, lapa‐
roscopic surgery is associated with less development of adhesions [17,20,21]. Reduction of
adhesion formation is facilitated by minimal tissue handling and trauma, avoidance of expo‐
sure to foreign bodies (powder from gloves, gauze particles, e.t.c.) and prevention of air pol‐
lution in the peritoneal cavity that leads to the reduction of tissue drying.
Pneumoperitoneum via increased intra-abdominal pressure has a tamponade effect that fa‐
cilitates haemostasis, limits the use of diathermy and formation of ischaemic areas. In addi‐
tion, laparoscopy is associated with a lower incidence of post-operative infection [21,22]. On
the other hand, it has been advocated that the beneficial effect of laparoscopy in adhesion
formation might be reduced by the use of pneumoperitoneum with CO2 [12]. CO2 pneumo‐
peritoneum is associated with increased intra-abdominal pressure that compresses the
splanchnic veins, reducing the blood flow by elevating vascular resistance. This stasis leads
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to a reduction in tissue oxygenation, anaerobic cell metabolism, acidosis and production of
reactive oxygen species. The clinical impact of reactive oxygen species remains unclear but
there is evidence that they are associated with increased adhesion formation [23]. Moreover
it has been recently proposed that a low intra-peritoneal pressure (IPP) (8 mmHg) may be
better than the standard IPP (12 mmHg) to minimize the adverse impact on the surgical per‐
itoneal environment during a CO2 pneumoperitoneum [24].

Solid barriers

(membranes, gel)

Endogenous tissue

Fluid barriers

Exogenous material

Omental grafts

Peritoneal grafts

Bladder strips

Fetal membranes

Various oils

Liquid paraffin

Amniotic fluid

Dextran

Crystalloid solutions

Icodextrin 4%

Polyglycan esters

Silicone

Vaseline

Gelatin

Metal foils

Elastic and silk foils

Expanded

polytetrafluoroethylene

Oxidized regenerated

cellulose

Hyaluronic acid

Carboxymethylcellulose

Polyethylene glycol

Polylactide

Fibrin, N,Ocarboxymethylchitosan

Table 3. Anti-adhesive barier methods.

5. Pharmacological agents

A wide variety of pharmacological agents (Table 2) have been used in attempts to prevent or
attenuate the formation of post-surgical adhesions, but none of them has been found to be
effective. The use of drugs for adhesion prevention has some obstacles that affect their effi‐
cacy. Ischaemia and inadequate blood supply are important factors in adhesion formation
and these also decrease systemic drug delivery inhibiting their effectiveness. Peritoneum
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has an extremely rapid absorption mechanism, that limits the half life and efficacy of many
intra-peritoneally administered agents. Anti-adhesion agents must not affect normal wound
healing, which has steps in common with adhesion formation (fibrinous exudate, fibrin dep‐
osition, fibroblast activity and proliferation) [19,25]. The clinical effectiveness of these agents
has been evaluated in a systematic review and meta-analysis that analysed data from rele‐
vant randomized controlled trials (RCT) published up to 2005 [26].

6. Non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAID) affect adhesion formation by several mech‐
anisms. They act by modifying arachidonic acid metabolism and altering cyclooxygenase ac‐
tivities. This results in decreased vascular permeability, platelet aggregation, and
coagulation and enhanced macrophage function. A number of locally and systemically ad‐
ministered NSAID have been used in experimental trials.

No relevant clinical trials assessing the effectiveness of NSAID in adhesion prevention have
been published to date in patients undergoing gynaecological surgery. Their clinical efficacy
is questionable probably because of inadequate concentrations at the sites of surgical trauma
or by rapid absorption from the peritoneal membrane [3,19,27].

7. Corticosteroids and antihistamines

Corticosteroids alter the inflammatory response by reducing vascular permeability and de‐
creasing cytokine and chemotactic factor secretion. Antihistamines inhibit fibroblast prolif‐
eration and stabilize lysosomal membranes and histamine secretion. Corticosteroids have
been used alone or plus antihistamines by intra-peritoneal or systemic administration or
by flushing through Fallopian tubes post-operatively and were effective in many, but not
all, experimental models. In the limited data from RCT [28,29,30], no significant beneficial
effect was detected with the use of corticosteroids (systemic, intra-peritoneal or Fallopian
tube flushing) in the deterioration of adhesion score at second-look laparoscopy or on the
probability of clinical pregnancy. However, limited data suggest that the addition of post-
operative steroids to systemic intra-operative steroids might be associated with a favoura‐
ble  outcome  both  in  terms  of  adhesion  score  deterioration  (increase)  or  improvement
(reduction) [31]. On the other hand, adverse events such as suppression of the pituitary–
adrenal  axis,  immunosuppression and delayed wound healing have been reported with
the use of corticosteroids [19,32,33]. Regarding antihistamines, only one RCT has evaluat‐
ed the role of oral promethazine in the prevention of adhesion formation after pelvic sur‐
gery.  In  that  study,  no  significant  difference  was  detected  either  in  deterioration  or
improvement of adhesion score in patients who received promethazine as compared with
those who did not [31].
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8. Progesterone and oestrogens

Progesterone has been used for the prevention of post-operative adhesions. Administration
of progesterone resulted in less adhesion formation in animal models, but does not appear
to be effective in humans. Oestrogens have been associated with increased adhesion forma‐
tion in animal models. It was demonstrated that a hypo-oestrogenic state, produced by go‐
nadotrophin-releasing hormone agonists or aromatase inhibitors such as tamoxifen and
anastrazole, decrease development of post-operative adhesions in experimental models
[3,34,35]. This hypothesis, however, has never been tested in humans.

9. Anticoagulants – Fibrinolytics

Anticoagulants such as heparin can reduce adhesion formation by inhibition of the coagu‐
lation cascade and promotion of fibrinolysis [36].  The use of heparin for intra-peritoneal
irrigation in a dose that can reduce adhesion formation was associated with haemorrhage
and delayed wound healing, but low-dose heparin irrigation showed no benefit in adhe‐
sion reduction [3,19,37]. In the only available RCT, heparin delivery with oxidized regen‐
erated  cellulose  failed  to  demonstrate  a  superior  effect  compared  with  oxidized
regenerated cellulose alone [38].  Furthermore,  in  experimental  trials,  the  combination of
carboxymethylcellulose or 32% dextran 70 plus heparin failed to reduce adhesion forma‐
tion [38,39,40].

Fibrinolytic agents as streptokinase, elastase and tissue plasminogen activator produced by
recombinant DNA techniques (rtPA) can contribute in adhesion prevention directly by re‐
ducing the fibrinous mass and indirectly by stimulating plasminogen activator activity. Sys‐
temic administration of anticoagulants is impeded by lack of safety. The concentrations of
fibrinolytic agents required to prevent adhesion formation are too close to the anticoagulato‐
ry concentrations and increase the risk for post-operative haemorrhage and delayed wound
healing. Intra-peritoneal administration is ineffective due to rapid absorption by the perito‐
neal membrane [3,25,41]. The use of carboxymethylcellulose gel and oxidized regenerated
cellulose as a carrier to deliver rtPA intra-peritonealy was not associated with a reduction of
adhesion formation in animal models [42,43].

A recent study has investigated the impact of gonadotropin-releasing hormone analogue
(GnRH-a) on coagulation and fibrinolytic activities and its effectiveness in the prevention of
pelvic adhesion after myomectomy in thirty-two infertile women. Patients treated with
GnRH-a showed significant decrease in plasminogen activator inhibitorPAI, thrombin acti‐
vatable fibrinolysis inhibitor (TAFI), factors V, and VIII and increased protein C (PC), but no
significant change in plasminogen and α2-antiplasmin levels compared with control group,
suggesting a possible critical role of the GnRH-a therapy in preventing postoperative adhe‐
sion development [44].
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operative steroids to systemic intra-operative steroids might be associated with a favoura‐
ble  outcome  both  in  terms  of  adhesion  score  deterioration  (increase)  or  improvement
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the use of corticosteroids [19,32,33]. Regarding antihistamines, only one RCT has evaluat‐
ed the role of oral promethazine in the prevention of adhesion formation after pelvic sur‐
gery.  In  that  study,  no  significant  difference  was  detected  either  in  deterioration  or
improvement of adhesion score in patients who received promethazine as compared with
those who did not [31].
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8. Progesterone and oestrogens

Progesterone has been used for the prevention of post-operative adhesions. Administration
of progesterone resulted in less adhesion formation in animal models, but does not appear
to be effective in humans. Oestrogens have been associated with increased adhesion forma‐
tion in animal models. It was demonstrated that a hypo-oestrogenic state, produced by go‐
nadotrophin-releasing hormone agonists or aromatase inhibitors such as tamoxifen and
anastrazole, decrease development of post-operative adhesions in experimental models
[3,34,35]. This hypothesis, however, has never been tested in humans.

9. Anticoagulants – Fibrinolytics

Anticoagulants such as heparin can reduce adhesion formation by inhibition of the coagu‐
lation cascade and promotion of fibrinolysis [36].  The use of heparin for intra-peritoneal
irrigation in a dose that can reduce adhesion formation was associated with haemorrhage
and delayed wound healing, but low-dose heparin irrigation showed no benefit in adhe‐
sion reduction [3,19,37]. In the only available RCT, heparin delivery with oxidized regen‐
erated  cellulose  failed  to  demonstrate  a  superior  effect  compared  with  oxidized
regenerated cellulose alone [38].  Furthermore,  in  experimental  trials,  the  combination of
carboxymethylcellulose or 32% dextran 70 plus heparin failed to reduce adhesion forma‐
tion [38,39,40].

Fibrinolytic agents as streptokinase, elastase and tissue plasminogen activator produced by
recombinant DNA techniques (rtPA) can contribute in adhesion prevention directly by re‐
ducing the fibrinous mass and indirectly by stimulating plasminogen activator activity. Sys‐
temic administration of anticoagulants is impeded by lack of safety. The concentrations of
fibrinolytic agents required to prevent adhesion formation are too close to the anticoagulato‐
ry concentrations and increase the risk for post-operative haemorrhage and delayed wound
healing. Intra-peritoneal administration is ineffective due to rapid absorption by the perito‐
neal membrane [3,25,41]. The use of carboxymethylcellulose gel and oxidized regenerated
cellulose as a carrier to deliver rtPA intra-peritonealy was not associated with a reduction of
adhesion formation in animal models [42,43].

A recent study has investigated the impact of gonadotropin-releasing hormone analogue
(GnRH-a) on coagulation and fibrinolytic activities and its effectiveness in the prevention of
pelvic adhesion after myomectomy in thirty-two infertile women. Patients treated with
GnRH-a showed significant decrease in plasminogen activator inhibitorPAI, thrombin acti‐
vatable fibrinolysis inhibitor (TAFI), factors V, and VIII and increased protein C (PC), but no
significant change in plasminogen and α2-antiplasmin levels compared with control group,
suggesting a possible critical role of the GnRH-a therapy in preventing postoperative adhe‐
sion development [44].
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10. Antibiotics

Antibiotics are commonly used for prophylaxis against post-operative infections and hence
the inflammatory response that leads to adhesion formation. Peritoneal irrigation with anti‐
biotic solutions does not reduce adhesion formation, while it has been shown that in some
cases it may promote them [45].

11. Other pharmacological regimens

Many other agents, such as apoprotin, noxytioline, growth factor inhibitors and modulators,
phosphatidylcholine, thiazolidinediones, colchicine and calcium channel blockers, have
been utilized in experimental trials. The intra-peritoneal administration of noxytioline is the
only one of these interventions that has been tested in the context of a RCT and no signifi‐
cant difference was identified in terms of reduction of adhesions and clinical pregnancy
rates in patients who were administered intra-peritoneal noxytioline and the control group
[29]. There is no data from RCT to support the conclusion that any of the other agents is effi‐
cacious in preventing the development of post-operative adhesions [19,46,47].

12. Anti-adhesive barriers

The failure of pharmacological regimens to prevent adhesion formation has led to the reviv‐
al of the barrier technique. With the barrier technique, traumatized peritoneal surfaces are
kept separated, during mesothelial regeneration, thus precluding adherence of adjacent or‐
gans and tissues and reducing the development of adhesions. The separation can be ach‐
ieved by the use of solid (films or gels) or fluid barriers [19,25]. Anti-adhesive barriers are
currently the most useful adjuvant for prevention of post-operative adhesion formation. Nu‐
merous substances (Table 3) have been used as mechanical barriers to separate tissue surfa‐
ces. Most of these materials are of historical interest only and had no effect or even
aggravated adhesion formation [48,49]. An anti-adhesive agent should be effective, safe, eco‐
nomical and easy to use in both open and laparoscopic surgery [50]. The clinical effective‐
ness of several of these agents has been evaluated in two recent Cochrane reviews [26,51].

13. Solid barriers

Solid barriers are placed over one or between two traumatized surfaces providing a separa‐
tion that averts tissue apposition during the critical period of fibrin formation and mesothe‐
lial regeneration following surgical trauma. It should be noted though, that solid barriers
have some significant drawbacks. They are often ineffective in the presence of blood, have a
complex preparation and application, do not conform easily to the shape of pelvic organs,
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need suturing and are difficult to use via laparoscopic surgery. Their benefits are also limit‐
ed to the site of application and do not prevent the development of adhesions at sites of in‐
direct trauma. So the surgeon has to surmise where adhesions will be formed in order to
choose the placement sites and optimize barrier efficacy [52]. Not infrequently, this proves
to be a challenging task, since, for example, midline laparotomy initiates a generalized peri‐
toneal response that can lead to adhesion formation distant from surgical trauma [53].

14. Expanded polytetrafluoroethylene

Expanded polytetrafluoroethylene (Preclude, Gore-Tex Surgical Membrane; Johnson and
Johnson, Arlington, TX) is a non-absorbable, non-reactive, synthetic material that

inhibits cellular migration and tissue adherence. In the only available RCT, it has been
shown to be associated with fewer post-operative de-novo adhesions after myomectomy
when compared with no treatment [54]. Moreover, when compared with oxidized regener‐
ated cellulose, Preclude was found to be more effective in terms of adhesion reformation af‐
ter adhesiolysis [55]. However, in another RCT, no evidence of a beneficial effect of Preclude
was demonstrated in the de-novo formation of adhesions after laparoscopic myomectomy
when compared to oxidized regenerated cellulose [56]. Expanded polytetrafluoroethylene
has the disadvantages that it must be sutured in place, is difficult to use in laparoscopic sur‐
gery and, ideally, requires a subsequent surgical procedure for removal after the injury has
healed [57]. The use of Preclude in Europe is limited and it has been withdrawn from the
market in USA after the development of the absorbable barriers [25].

15. Oxidized regenerated cellulose

Oxidized regenerated cellulose (Interceed (TC7); Johnson and Johnson) is the first degrada‐
ble barrier that was used in clinical practice and represents a modification of its precursor
Surgicel, which has been used as a haemostatic agent for a long time. It is a mesh designed
to be placed over or between traumatized surfaces. About 8 h after the application in the
peritoneal cavity, it becomes a viscous gel and finally it is degraded to monosaccharides and
completely absorbed in about 2 weeks [3,22]. Oxidized regenerated cellulose use in laparo‐
scopic surgery is feasible [8]. In order to evaluate the efficacy of oxidized regenerated cellu‐
lose in the prevention of the development of post-surgical adhesions, many studies have
been carried out. A meta-analysis of 11 relevant RCT [51] has shown that the barrier is safe
and reduces significantly the incidence of de-novo adhesions, as well as the reformation of
adhesions as compared with no treatment in laparoscopy [58-62]. In laparotomy, the availa‐
ble RCT [63-68], when meta-analysed [51], demonstrated that a significant reduction in the
reformation (or mixture) of adhesions can be expected with the use of oxidized regenerated
cellulose as compared with the no treatment group. The product is site specific, thus the effi‐
cacy is limited to surgical situations where raw surfaces can be completely covered with the
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mesh and its benefit is limited to the site of barrier placement. The fundamental disadvant‐
age is that it becomes ineffective when the entire area is not completely haemostatic. The
presence of small amounts of blood in the peritoneal cavity or post-operative bleeding re‐
sults in blood permeating the mesh, fibrin deposition and, finally, adhesion formation
[8,69,70]. In addition, as reported previously, the combination of oxidized regenerated cellu‐
lose plus heparin resulted in a significant reduction of adhesion formation and reformation
in experimental models. This improvement in efficacy was not confirmed in clinical trials
[36,38,40]. Oxidized regenerated cellulose has been approved by the US Food and Drink Ad‐
ministration (FDA) for use in open surgery in the USA [69].

16. Hyaluronic acid

Hyaluronic acid (HA) is a linear polysaccharide with repeating disaccharide units that are
composed of sodium D-glucuronate and N-acetyl-D-glucosamine. It is a naturally occurring
component of many body tissues and fluids, where it provides mechanically protective and
physically supportive roles [69]. Various combinations of HA have been used for the pre‐
vention of adhesion formation. HA and carboxymethylcellulose (Seprafilm; Genzyme, Cam‐
bridge, Massachusetts, USA) is an absorbable membrane that dissolves and forms a
hydrophilic gel approximately 24 h after placement. It is a site-specific barrier and acts by
separating mechanically opposite tissue surfaces and lasts for 7 days. The HA is completely
cleared from the body within 4 weeks, but the absorption of carboxymethylcellulose is not
well known. It does not conform to the shape of pelvic organs as well as oxidized regenerat‐
ed cellulose and is usually used to prevent adhesions between the incision of anterior ab‐
dominal wall and bowel or omentum [71,72]. Its use in laparoscopic procedures is difficult.
In a blind prospective, randomized, multicentre study, the treatment of patients after myo‐
mectomy with Seprafilm significantly reduced the extent and area of post-operative uterine
adhesions [72]. Potential side effects include induced foreign body reaction, higher incidence
of pulmonary emboli and intra-peritoneal abscess formation, but these findings were not
statistically significant in the relevant trials [3,73]. High cost is another limitation because,
for an effective protection from intestinal obstruction, a mean of 4.5 sheets per patient is re‐
quired [25]. Seprafilm has been approved by the FDA for use in open surgery in the USA
[22]. Ferric hyaluronate 0.5% gel (Intergel; Gynecare, Sommerville, New Jersey, USA) is a
viscous gel that provides a broader coverage than previous site-specific agents. It was
shown to be easy to use in open and laparoscopic surgery. In relevant prospective random‐
ized trials, ferric hyaluronate was associated with a significant reduction of severity and ex‐
tent of post-operative adhesions and statistically significant improvement of the American
Fertility Society (AFS) and modified AFS scores at second-look laparoscopy [69,74,75]. It was
withdrawn from the market in 2003 because of problems with late onset post-operative pain
and rare reports of sclerosing peritonitis [25,76]. Low-viscosity 0.04% HA combined with
phosphate-buffered saline (Sepracoat; Genzyme) is a bioabsorbable macromolecular dilute
solution of HA that is cleared from the body in less than 5 days. The solution is applied in
the peritoneal cavity before any tissue manipulation in order to protect peritoneal surfaces
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from indirect trauma and finally before the end of the procedures [3,77,78]. In a blind, pro‐
spective, randomized, placebo-controlled multicentre study, where patients had undergone
open gynecological procedures, low-viscosity 0.04% HA resulted in a statistically significant
reduction of adhesions, as well as of the mean adhesion score, at second-look laparoscopy.
However, it was not effective in reducing post-operative adhesion formation at sites of di‐
rect surgical trauma [78]. It has been approved by the FDA for use in open surgery in the
USA [22]. HA cross-linked to HA (Hyalobarrier Gel; Baxter, Bracknell, UK) is a site-specific
highly viscous gel is considered as easy to use in laparoscopic and open surgery. In a pro‐
spective, randomized, controlled study where the rate of post-surgical adhesions after lapa‐
roscopic myomectomy was examined, cross-linked HA resulted in significantly more
adhesion-free patients [79]. Pregnancy rates at 6 and 12 months after laparoscopic myomec‐
tomy were significantly higher in patients treated with cross-linked HA [80]. In another
randomized trial, adhesion-free patients after laparoscopic myomectomy were greater in the
treatment group but the difference was not statistically significant. The incidence and severi‐
ty of adhesions was similar in both groups, but a significant reduction of uterine adhesions
was found in the treatment group [81]. When the data from the two aforementioned studies
were combined, a statistically significant reduction of adhesions during second-look laparo‐
scopy was detected in the group of patients treated with HA-cross-linked HA as compared
with the control group. Auto-cross-linked internal ester form of HA (ACP gel; Fidia Ad‐
vanced Biopolymers, AbanoTerme, Italy) has the biocompatibility of the original polymer
but higher viscosity and extended residence. It is a gel that has been shown to be efficacious
in reducing abdominal adhesions in experimental models [82,83]. Two prospective random‐
ized controlled trials have been published so far by the same group regarding the use of
ACP gel for the prevention of intrauterine adhesions after hysteroscopic surgery. In these
studies, ACP gel has been associated with a significant reduction in the incidence and the
severity of subsequent intrauterine adhesions [84,85]. A stratified analysis of these two stud‐
ies confirmed this finding by demonstrating a significant reduction in the proportion of pa‐
tients with adhesions at second-look hysteroscopy. Cross-linked thiol-modified HA with 4%
polyethyleneglycoldiacrylate (Carbylan-S and Carbylan-SX; CarbylanBioSurgery, Palo Alto,
CA, USA) is a bioabsorbable solution of HA. Carbylan-S is a hydrogel and Carbylan-SX has
two formats, a sprayable gel and a hydrogel film. In animal models, Carbylan- S containing
mitomycin C and Carbylan-SX were effective in prevention of post-operative intra-abdomi‐
nal adhesions [52,86].

17. Polylactide

Polylactide (copolymer of 70:30 poly(L-lactide-CO-D, L-lactide; SurgiWrap, MacroporeBio‐
surgeryinc., San Diego, USA) is a bioabsorbable film with a long absorption period (up to 6
months). It is metabolized to lactic acid and finally to CO2 and exhaled through the respira‐
tory system. It requires suturing in order to avoid its loss from the site. In preclinical studies,
polylactide appears to be effective in the reduction of adhesion formation, but there are no
data currently for safety and efficacy in humans [87,88].
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18. Polyethylene glycol

Polyethylene glycol (SprayGel; Confluent Surgical, Waltham, Massachusetts, USA). It is a syn‐
thetic hydrogel formed when two polyethylene glycol-based liquids are sprayed together with
an air assisted sprayer at the target tissue, where they cross-link and form a hydrogel barrier.
One liquid is clear and one is coloured with methylene blue in order that facilitate its application.
The gel remains intact for approximately 5–7 days and then gradually breaks down by hydroly‐
sis and is cleared through the kidneys [89]. Drawbacks of the product are the intricacy of prepa‐
ration and application, the time required to cover the target tissue and the high cost. In a
prospective randomized controlled phase-III trial, in 40 patients undergoing myomectomy, pol‐
ylactide resulted in a significant decrease in the mean tenacity score. The extent of adhesions was
increased in the control group but the difference was not significant. Also, the proportion of ad‐
hesion-free patients at second-look laparoscopy was increased in the treatment group but the
difference was not statistically significant [89]. It has been approved for use in laparoscopic and
open surgery in Europe, but by the FDA only for use in open surgery in USA [22,25].

19. Carboxymethylcellulose

Carboxymethylcellulose is a high-molecular-weight polysaccharide, derivative of cellulose.
The mechanism of its absorption is not well known. It has been used in combination with rtPA
and with HA. A composite gel of carboxymethylcellulose and polyethylene oxide (Oxiplex;
FzioMed, San Luis Obispo, CA, USA) is a viscoelastic gel, which acts as a barrier between tissues
that inhibits protein deposition and thrombus formation [74]. The gel is absorbed by 6 weeks,
but in cases where large amounts of gel were applied in multiple layers to the surgically treated
sites or in cases of stage-IV endometriosis, small collections of gelatinous material were noted in
areas of gel application or in areas deep in the cul-de-sac [90]. In two blind randomized control‐
led trials, where patients underwent adnexal surgery, carboxymethylcellulose and polyethy‐
lene oxide showed a significant improvement of AFS score in the treated group, but not in all
clinical situations. It did not appear to provide this benefit to patients with grade-IV endometrio‐
sis [74,91]. Another double-blind prospective randomized controlled trial has shown that the
mean AFS score for patients in the treatment group was unchanged, while in control patients an
increased AFS score was noted [91]. No statistical pooling was feasible for these three studies,
since the data were not analysed and presented per randomization unit (they were analysed per
adnexa and not per patient). It is easy to use in laparoscopic surgery and it has been approved in
Europe for use in abdominal and pelvic surgery [25].

20. Fibrin glue

Fibrin glue (Tissucol; Baxter International, Deerfield, IL, USA) is a biological product. Fibrin
glue is made by mixing human fibrinogen with bovine thrombin, calcium and factor XIII
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[92]. Obviously, the use of human blood products raises a theoretical risk for transmission of
infectious diseases. According to the pathogenesis of adhesions, application of fibrin glue at
the traumatized peritoneal surfaces should increase adhesion formation. Possibly, fibrin
glue application confines fibrin deposition and averts the development of attachments be‐
tween opposing tissue surfaces. In animal studies, the use of fibrin glue has been shown to
decrease adhesion formation and reformation but clinical data are limited. Fibrin glue has
not been approved by the FDA for use in USA [22,47]. So far, no relevant data from trials in
humans have been published.

21. Carboxymethylchitosan

N,O-carboxymethylchitosan (Adhes-X, Chitogenics, New Jersey, USA) is a purified deriva‐
tive of chitin obtained from the exoskeleton of shrimp and has similar structure to hyaluron‐
ic acid and carboxymethylcellulose [93]. The product comprises both a clear gel and a
solution. The gel is placed initially at the sites of surgical trauma where it is tamped with a
laparoscopic instrument and subsequently the solution is placed at the same places. Its effi‐
cacy and safety have been confirmed in some animal models. A prospective randomized
controlled study, performed on 34 patients undergoing laparoscopy for various gynaecolog‐
ical indications, demonstrated a decrease in the recurrence, extent and severity of adhesions
and a decrease of de-novo adhesion formation at second-look laparoscopy, but none of these
findings were statistically significant [94].

22. Fluid barriers

Fluids constitute an ideal barrier agent because their action is not limited to the site of applica‐
tion. Their function is provided by hydrofloration of intra-peritoneal structures in the liquid
that is infused into the peritoneal cavity at the end of the surgical procedure. Hydrofloration
provides a temporary separation between raw peritoneal surfaces allowing independent heal‐
ing without the formation of adhesions. Possibly, fluid circulation in the peritoneal cavity con‐
tributes to the prevention of adhesion formation by diluting fibrinous exudates released from
traumatized surfaces. Fluid barriers may prevent adhesion formation both at the traumatized
area and elsewhere in the pelvis. The instillation of fluids in the peritoneal cavity may be associ‐
ated with some undesirable side effects, such as leakage from the incision, labial oedema, feel‐
ing of fluid moving around, abdominal discomfort, abdominal distension and complications
such as pulmonary and peripheral oedema. Large volumes of intra-peritoneal fluids may de‐
crease the peritoneum ability to confront bacterial infections [3,17,76].

23. Crystalloid solutions

Crystalloid solutions (Ringer’s lactate, NaCl 0.9%) are rapidly absorbed by the peritoneal
cavity, at a rate of 30–50 ml/h. Consequently, 24 h after the surgery, minimal or no crystal‐
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18. Polyethylene glycol
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loid solution would be left in the peritoneal cavity. The instillation of crystalloids does not
seem to result in decreased adhesion formation. They are commonly used but they are not
approved for use as anti-adhesive agents [25,69,95]. Crystalloids have also been used in vari‐
ous combinations with heparin, steroids, antihistamines and other pharmacological agents
in randomized controlled trials, but none of them has been found effective in decreasing
post-operative adhesion formation or improving pregnancy rates [96].

24. Dextran

Dextran (32% dextran 70; Hyskon; Pharmacia, Piscataway, New Jersey, USA) is a 1–6-linked
dextrose polymer. A summary [26] of the available data from relevant RCT [37,97-99] dem‐
onstrated a decreased proportion of patients with adhesions at second-look laparoscopy in
the group that received 32% dextran 70, as compared with the group that did not. However,
despite the fact that the patients with improvement and deterioration in the adhesion score
at second-look laparoscopy were increased and decreased, respectively, in the treatment
group, when compared with the control group, this difference was not statistically signifi‐
cant. In addition, its use was associated with significant side effects as pulmonary and pe‐
ripheral oedema caused by its osmotic properties, liver function abnormalities, pleural
effusion and, rarely, allergic reactions or anaphylactic shock and disseminated intra-vascu‐
lar coagulation. It has not been approved for use as an anti-adhesive agent [3,17,100,101].

25. Polyglycan esters

Polyglycanesters (Adcon-P; Gliatech, Cleveland, Ohio) is a viscous bioabsorbable solution.
Its prototypes Adcon-L and Adcon-T/N were found effective for adhesion prevention in spi‐
nal and neurosurgical procedures. Experimental studies have shown that application of Ad‐
con-P effectively reduces development of post-operative intra-abdominal adhesions. There
are no data for the safety and the efficacy of this product in humans [102].

26. Icodextrin

Icodextrin 4% (Adept; Shire Pharmaceuticals, Basingstoke, Hampshire, UK) is a 1–4-linked
glucose polymer. Icodextrin 4% is a clear isomolar solution and does not predispose to infec‐
tion. It is absorbed gradually via the lymphatic system into the systemic circulation, where it
is digested to oligosaccharides by amylase. Amylase is absent from the human peritoneal
cavity. Preclinical studies had shown significant reduction of post-operative adhesions and
confirmed the safety of icodextrin 4%. It was indicated that the agent was more effective in
adhesion reduction when used as both an irrigant and post-operative instillate [103]. In a
small double-blind prospective randomized multicentre study, icodextrin 4% resulted in the
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reduction of incidence, severity and extent of adhesions but these results were not statistical‐
ly significant [104]. However, recently, in the largest prospective randomized double-blind
multicentre study for an anti-adhesive agent, icodextrin 4% has been shown to result in a
significant reduction of incidence, severity and extent of adhesions and a significant im‐
provement of AFS score. Also the study showed that icodextrin 4% prevents the deteriora‐
tion of pre-existing adhesions, considering that patients with the higher number of adhesion
lysed at initial surgery had the greater reduction in adhesion incidence [95]. A stratified
analysis of these two studies revealed a statistically significant effect oficodextrin 4% use on
the de-novo formation of adhesions, as well as on the proportion of patients with an im‐
provement of the adhesion score at second-look laparoscopy [105]. Simultaneously with
clinical trials, a European patients registry (ARIEL) was created allowing surgeons to record
and report the experiences of the use of icodextrin 4% in open and laparoscopic gynaecolog‐
ical and general surgery. The registry provides feedback on routine use in 4620 patients
(2882 that underwent gynaecological and 1738 general surgery). The general consensus is
that it is easy to use in both open and laparoscopic surgery, it is well tolerated by patients
and the incidence of adverse events is considered similar to the control group [76,106]. Low
cost is another advantage of icodextrin 4%. Adept (1.5 litre bags) are about half the price of
each sheet of Interceed or Seprafilm and it is about four times cheaper than one SprayGel
package [50]. Icodextrin 4% has been approved for use in open and laparoscopic surgery in
Europe and it was the first anti-adhesive agent that has been approved by the FDA for use
in laparoscopic surgery in the USA [25,76,91,95].

27. Conclusions

Development of post-operative adhesion is a widespread consequence of surgical trauma
and healing following open or laparoscopic gynecological surgery and is associated with
significant complications. At present, the main strategy to avoid formation and reformation
of adhesions is focused on the use of careful surgical techniques and anti-adhesive agents.
Reduction of adhesion formation after laparoscopic surgery in comparison to the more con‐
ventional approach by laparotomy can be attributed to less tissue manipulation, less tissue
drying, avoidance of insertion of foreign bodies such as talc from the surgical gloves, fibers
from the gauzes e.t.c. On the other hand pneumoperitoneum during laparoscopy exerts a
tamponade effect that facilitates hemostasis, so minimizing the use of electrocautery, which
is known that leads to the formation of ischaemic areas and therefore predisposing to adhe‐
sion formation. The use of CO2 for pnemoperitoneum may lead to adhesion formation, since
its use is associated with reduction in tissue oxygenation, acidosis and release ofreactive
oxygen species, which are considered adhesiogenic. Therefore, the addition of oxygen, the
heating of the insufflatedCO2 or the alternative use of other gases (i.e. helium) may be bene‐
ficial in terms of reduction of de novo adhesion formation. At the end of each operation an
«underwater» examination should be used in order to document complete intra-peritoneal
hemostasis, since it has been clearly demonstrated that incomplete hemostasis is associated
with adhesion formation.
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Finally, several anti-adhesive agents are used during laparoscopic intrventions, in order to
minimizepostoperative adhesions. These fall into two main categories, which include phar‐
macological agents and barrier methods. Limited data support the use of the former, either
locally or systemically. Barriers, which mechanically separate the opposed serosal surfaces
and exert their beneficial action, at least partly, because they remain in place beyond the crit‐
ical 3-day point, at which competition of fibrinolytic activityandfibrosis will lead to adhe‐
sion formation. The tissue separation can be achieved either by the use of solid (films or gel)
or fluid barriers. The clinical effectiveness of several of these agents has been thoroughly
evaluated in two recent Cochrane reviews by Metwally et al [26] and Ahmad et al [51].
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1. Introduction

The most common head and neck malignancy is squamous cell carcinoma (SCC). It is well
recognized that these tumours may arise in multiple sites, either synchronously or metachro‐
nously [1]. The surgical and oncological treatment of large tumours leads to a significant
mutilation of the affected individual. The results are not only cosmetic, but also functional
defects, such as swallowing, chewing, breathing disorders and voice production deterioration.
Early detection of these tumours is therefore one of the most important factors of treatment
success [2].

Efforts to achieve the earliest detection of malignant disease have led to the development of
new endoscopic examination methods. Lesions few millimetres in diameter are in most cases
impossible to detect using conventional white light endoscopy. This led to the introduction of
special endoscopic methods that allow detection of lesions of millimetre dimensions. New
techniques such as autofluorescence [3], contact endoscopy and optical coherence tomography
(OCT) [4] are increasingly used in ENT practice. In the last few years, NBI (Narrow Band
Imaging) method has been introduced [5]. This diagnostic tool was already proved as a useful
screening method in other endoscopic fields (e.g. gastroenterology) [6]. Superficial mucosal
lesions that would be missed by regular white light endoscopy, can be identified, in view of
their neoangiogenetic pattern of vasculature, using the narrow-band imaging in head and neck
mucosa.
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2. The principles of NBI endoscopy

The best case scenario for early detection of mucosal SCC would be at the stage of dysplasia
or carcinoma in situ (CIS). These early lesions are difficult to detect in white light endoscopy,
if they are less then 1 cm in diameter [7]. In the oesophagus, these lesions can be easily detected
by Lugol chromoendoscopy, where squamous dysplasia and CIS appear as Lugol voiding
lesions [8]. This is not suitable for ivestigation of upper aerodigestive tract due to severe
mucosal irritation caused by Lugol solution [7]. Chromoendoscopy is able to show differences
in epithelium quality. NBI shows differences in epithelium quality and changes of mucosal
vascularization. NBI is an optical image enhancement technology that enhances vessels in the
mucosal surface and patterns of the mucosa using the characteristics of light spectrum [6]. It
is a non-invasive technique that can be carried out in the outpatient clinic without need of
general anaesthesia. NBI system consists of the same components as conventional videoen‐
doscopic systems - light source, camera unit and camera head or chip equipped videoendo‐
scope. In addition, NBI system contains a special image processor and a lighting unit with
special filters that narrow frequency range of emitted light to 400-430 nm (centered at 415 nm)
and 525-555 nm (centered at 540 nm) bands. It relies on the principle of depth of light pene‐
tration. In contrast to red light, 415 nm wavelenght light has less penetration and less scattering
thus enhancing image resolution. The blue filter is designed to correspond to the peak
absorption spectrum of haemoglobin to enhance the image of capillary vessels (IPCL -
Intraepithelial Papillary Capillary Loops) on mucosal surface. 540 nm wavelenght light
penetrates deeper and highlights the submucosal vascular plexus. The reflection is captured
by a charge coupled device chip (CCD), and an image processor creates a composite pseudo‐
colour image, which is displayed on a monitor, enabling NBI to enhance mucosal contrast
without the use of dyes [9] (Figure 1). In the resulting image the mucosal microvascularization
is displayed brown and submucosal vessels cyan (Figure 2). Vascular structures are displayed
with greater contrast to the epithelium than in white light illumination [10]. In detection of
surface mucosal changes characteristic for neoplastic lesions (e.g. dysplasia, ca in-situ,
carcinoma) epithelial abnormalities (thickening, changes in the surface layer) and vascular
changes can be better observed in NBI. In developing neoangiogenesis IPCL changes occur
(expansion, extension and changes of course). These changed IPCL are noticeable in the NBI
as brown dots irregularly distributed in the demarcated area of altered epithelium [6]. It is
possible to detect lesions measuring a few millimetres in diameter.

3. The use of NBI endoscopy in ENT

Typical suspect finding in NBI image is defined as well demarcated brownish area, exhibiting
scattered brown dots within this area on close view [11] (Figure 3). Brown dots are caused by
expansion of IPCL, which is due to neoangiogenesis in tumour growth. The finding of brown
dots, spread freely in the mucosa of e.g. post-irradiation oedema, without boundary line of
altered epithelium, must be carefully distinguished. Such image can not be judged as suspect
for neoplasia (Figure 4).
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Figure 1. NBI principles (with permission of OLYMPUS CZECH GROUP).

Figure 2. Healthy nasopharyngeal mucosa in white light (A) and NBI (B), mucosal blood vessels displayed in brown
and submucosal vessels in cyan.

Recently, NBI was used for diagnosis of oral [12], oropharyngeal [13], hypopharyngeal [14],
nasopharyngeal [15] and laryngeal [16] pathologies. NBI is used for screening and for follow-
up after chemo- and/or radiotherapy treatment of head and neck SCC [17]. Some authors also
used NBI intraoperatively to perform targeted biopsies of most suspect areas and also to
determine the safe limits of resection margins [17] (Figure 5).
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For NBI endoscopy both flexible and rigid videoendoscopic systems are used in ENT. For
outpatient practice ultra-thin flexible videoendoscopes were developed with distal end
diameter of 3-4 mm, and also ultra-thin bronchoscopes or gastroscopes with the diameter of
the distal end of less than 5 mm are used. These scopes are suitable for transnasal insertion
and therefore allow to examine the nasal sinuses, nasopharynx, oropharynx, hypopharynx,
oesophagus, larynx, trachea and bronchi and provides better results than conventional
transoral examination. Transnasal examination can be performed under local anaesthesia of
the nasal mucosa and throat or without any anaesthesia [18]. Improved contrast between
mucosal epithelium and blood vessels helps to visualize mucosal lesions few millimetres in

Figure 3. Mucosal spread of squamous cell carcinoma in vallecula in white light (A) and NBI (B). Clear boundary line
between tumour and healthy mucosa and scattered brown dots are well visible in NBI.

Figure 4. Post-radiotherapy mucosal oedema of the arythenoids in white light (A) and NBI (B). Non-suspect image of
brown dots.
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diameter (Figure 6). The sensitivity and specificity of flexible NBI endoscopy in follow-up of
head and neck SCC patients were reported 91,3 - 100% and 91,6 - 98% respectively [17,11].

Rigid telescopes are also used in the outpatient service during the examination of the nasal
cavities, nasopharyngx, oropharynx and oral cavity. Rigid angled telescopes (0 º, 30 º and 70
º) yielded significant improvement in the diagnostic possibilities of direct laryngoscopy under
general anaesthesia [19,20]. They allow a thorough examination of all areas of the larynx and
even the front commissure and subglottic area. Sensitivity and specificity of NBI examination
can be significantly increased in combination with high definition (HDTV) magnifying
endoscopy [21].

4. Magnifying endoscopy and endoscopy with high-definition (HDTV)

Development of mucosal malignancies is accompanied by changes of IPCL in terms of their
extension, expansion, irregularities of calibre, loss of regular arrangement and in the last stage
of tumourigenesis complete loss of vascular microarchitecture [22]. Standard endoscopes,
however, does not permit a more accurate display of these changes. They are displayed as
irregularly dispersed brown dots in NBI endoscopy. Certain magnification and image
resolution is needed to obtain better visibility of IPCL changes [9]. Recent development in
endoscopic techniques has led to the introduction of so-called magnifying endoscopy, which,
combined with high-definition television (HDTV) allows to display the vascular microarchi‐
tecture in vivo. Till now, malignant lesions were determined only on the basis of histological
examination. Rigid magnifying telescopes, which allow observing the surface of the mucosa
from a distance of few millimetres (e.g. combined with direct laryngoscopy) in combination
with HDTV camera head, allow diagnosing the malignancy with high probability prior the
conclusion of histology examination. Different classifications of IPCL changes were proposed

Figure 5. Bilateral carcinoma of the vocal folds in white-light (A) and NBI (B). Supraglottic spread of the cancer is clear‐
ly visible on NBI image.
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Figure 4. Post-radiotherapy mucosal oedema of the arythenoids in white light (A) and NBI (B). Non-suspect image of
brown dots.
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diameter (Figure 6). The sensitivity and specificity of flexible NBI endoscopy in follow-up of
head and neck SCC patients were reported 91,3 - 100% and 91,6 - 98% respectively [17,11].
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from a distance of few millimetres (e.g. combined with direct laryngoscopy) in combination
with HDTV camera head, allow diagnosing the malignancy with high probability prior the
conclusion of histology examination. Different classifications of IPCL changes were proposed
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for oesophagus and pharynx [23], oral cavity [12] and larynx [16]. In oesophagus and pharynx
the IPCL changes are graded as Type I (normal IPCL) to Type V (cancer IPCL). Type V is further
subdivided into 4 sublevels. According to these levels, the depth of cancer invasion into the
mucosa and submucosal tissue can be evaluated [23]. For oral cavity just Type I (normal IPCL)
to Type IV (cancer IPCL) grades are proposed [12] (Figure 7, 8).

5. Limits of NBI endoscopy

In some cases even NBI endoscopy examination does not bring the expected results. Since NBI
is an optical method based on observation of the mucosal surface, conditions that prevent a
direct view of the clear mucous membrane may limit or completely baffle the examination.
Most often this is due to stagnant saliva or sticky mucus, especially in patients with a history
of oncology treatment. Also, lesions that are characterized by a high layer of hyperkeratosis
prevent visualization of mucosal vascularization – eg. verrucous carcinomas [24].

Figure 6. Larynx - the left vocal cord dysplasia in white light (A) and NBI (B), arrows point demarcated area of altered
epithelium with the presence of brown dots. Another dysplastic lesion in the same patient in the posterior part of the
vocal cord in white light (C) and NBI (D).
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NBI endoscopy brings great results in case of clear observable mucosa. Benign findings such
as vocal cord polyps, nodules or granulomas are clearly recognizable. Blood vessels run
paralelly to the mucosal surface and do not form brown dots (Figure 9), in contrast to malignant
changes that typically show presence of these dots.

Nevertheless, most false positive results of NBI endoscopy were reported in case of laryngeal
papillomatosis [11]. In these cases, demarcated lesions with scattered brown dots are often
found. The discrimination from cancerous lesions could be very difficult using non-magnify‐
ing NBI endoscopy (Figure 10).

Figure 7. HDTV NBI magnifying endoscopy, the buccal mucosa. Normal (Type I) intraepithelial papillary capillary loops
- IPCL (A), enlarged and irregular dysplastic IPCL (Type III) (B).

Figure 8. Advanced tumour of apex of tongue – HDTV NBI, complete collapse of IPCL microarchitecture (Type IV) is
visible.
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Figure 9. Benign polyp of vocal cord in white-light (A) and NBI (B). Blood vessels run paralelly to the mucosal surface.
No brown dots are visible.

Figure 10. Laryngeal papilloma in white-light (A) and NBI (B). Verrucous cancer of the vocal fold in white-light (C) and
NBI (D). Discrimination of these lesions can be very difficult
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Utilization of HDTV NBI magnifying endoscopy can improve the diagnostic accuracy. The
papillomas are characterised by forming multiple papillae covered by squamous epithelium
with a central axis vessel in each papilla [25]. The microarchitecture of these lesions is often
rather regular. On the other hand, the cancerous lesions are characterised by lost of regularity
of IPCL shape and also by disruption of the microarchitecture regularity [26] (Figure 11, 12).

Figure 11. Laryngeal papilloma in HDTV NBI magnifying endoscopy(A, B). Multiple regular papillae covered by squa‐
mous epithelium with a central axis vessel are typical for papillomas.

Figure 12. Spinocellular carcinoma of the vocal cord in HDTV magnifying endoscopy in white light (C) and NBI (D).
Complete disruption of vascular microarchitecture and IPCL irregularities are clear signs of carcinoma.
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6. Conclusions

NBI is an advanced endoscopic imaging technique that allows early detection of small
superficial mucosal lesions that are undetectable using the conventional white-light endos‐
copy. NBI is increasingly used in otorhinolaryngology as a convenient screening method for
detection of new diseases, but also for follow-up of patients after treatment for head and neck
malignant tumours, when early detection of possible recurrence is crucial. Intraoperatively, it
can be used as a helpful tool for targeting biopsies, determining the tumour spread and safe
resection margins. Using magnifying HDTV endoscopy in combination with NBI dramatically
improves the sensitivity and specificity of endoscopic examination. The main advantage is its
use particularly in direct laryngoscopy under general anaesthesia in combination with rigid
angled telescopes that allow determining the malignancy with high probability during the
operation as well as the exact extent of disease.

NBI endoscopy investigation can be limited in cases of stagnant saliva, sticky mucus or high
layer of hyperkeratosis. In these situations the clear mucosal surface can be impossible to
observe, therefore the advantages of NBI method could be lost. NBI endoscopy achieves high
sensitivity and specificity, yet can lead to false positive findings, most frequently in the case
of laryngeal papillomatosis. Finding of brown dots there may be mistakenly interpreted as
tumour neovasculature. Utilization of HDTV NBI magnifying endoscopy contributes to better
differentiation of these lesions.
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1. Introduction

1.1. Diagnostic rhinoscopy

1.1.1. Applied anatomy of nose & paranasal sinuses

Nasal cavity is the complex structure. It is divided by the nasal septum into the left and right
side. Lateral nasal wall composed of three turbinates and their meati.(figure 1).

Figure 1. Normal anatomy of left nasal cavity, shows nasal septum, inferior turbinate & meatus, and middle turbinate
& meatus.
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The anterior group of paranasal sinuses consists of the frontal, maxillary and anterior eth‐
moid sinus. The posterior group of paranasal sinuses consists of the sphenoid and posterior
ethmoid sinus.

By histology, nasal and paranasal sinus mucosa is the psuedostratified ciliated columnar ep‐
ithelium. The mucous blanket is moved from sinuses through their ostium. The drainage of
anterior group of paranasal sinuses is through their ostium and middle meati.The posterior
group is drained through the superior meati & sphenoethmoidal recess.

With the concept of ‘mucous drainage drain through meatus”, the most important structure
inside the nose is called “ostiomeatal complex”, especially the middle meatus area.[1]

1.1.2. Clinical presentation of common rhinologic condition

The most common disease of nose is the inflammatory conditions – rhinitis. It can be caused
by the infectious vs non-infectious causes.The non-infectious rhinitis can be further divided
into allergic rhinitis (AR) and non-allergic rhinitis (NAR). When the inflammatory process
extended beyond the nasal cavities, the inflammation spread into the paranasal sinuses,
leads to be ‘rhinosinusitis’.

Besides the mucosal inflammation, some anatomic variations may caused the symptoms re‐
semble to rhinitis. Those anatomic variations are pneumatization of middle turbinate (Con‐
cha Bullosa), paradoximal middle turbinate, or deviated nasal septum (DNS), etc. (figure 2).

Figure 2. Deviation of nasal septum to the left, with its contact point to the inferior turbinate.

The tumor of nose & paranasal sinuses commonly arises from the maxillary sinuses and lat‐
eral nasal wall. Squamous cell carcinoma is the most common malignant type, and Inverted
papilloma is the most common benign type. The other tumors are adenocarcinoma, ade‐
noidcysticcarcinom, olfactory neuroblastoma, lymphoma, vascular tumor, etc. (figure 3).
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Figure 3. Squamous cell carcinoma of left nasal cavity.

1.1.3. Diagnostic application of endoscopy

Nasal endoscopy can reveal the detail of color of nasal mucosa, the swelling, and the dis‐
charge. These detail help rhinologist to differential the various causes of rhinitis.For instan‐
ces, the turbinate of AR will be in pale color with watery discharge. (figure 4). On the
contrary, NAR will be injected and swelling turbinate or atrophic in some conditions.

Figure 4. Congest inferior turbinate with pale color.

Because of the tumor of nose&paranasal sinuses usually presents with the subtle symptoms.
The early stage may present with minimal nasal congestion or minor nasal bleeding. Nasal
endoscopy will be a good armamentarium to exam the detail of deep structure inside the
nasal cavities.
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According to the most recent guideline – European Position Paper of Sinusitis (EPOS) 2012,
the rhinosinusitis is a disease of ‘clinical diagnosis’.[2] By using the two symptoms of nasal
obstruction and rhinorrhea with the duration longer than 10 days, the diagnosis of acute rhi‐
nosinusitis (ARS) is made.[3] But if the initial treatment cannot alleviate the symptoms, na‐
sal endoscopy should be done. Moreover, the chronic rhinosinusitis (CRS) need nasal
endoscopy along with the history for diagnosis. The CRS can be subclassified into CRS with
nasal polyp (CRS c NP) and CRS without nasal polyp (CRS s NP).

NP can be seen as the pale,  semi-translucent  mass protruding from the middle meatus.
(figure 5).

Figure 5. Nasal polyp of the right nasal cavity.

Its etiology remains obscure but related to mucosal inflammation by eosinophilic cell.[4,5]
The principle of treatment of CRS, especially CRS c NP, is topical nasal steroid. Oral predni‐
solone may be used for the short course of large NP ‘s treatment.Nasal endoscopy is the es‐
sential instrument to differentiate CRS c NP from CRS s NP.Due to their different natural
course, these conditions should be made since the initial treatment process.

2. Therapeutic options of nasal endoscope

2.1. Rhinologic condition

2.1.1. Rhinosinusitis

Three principle treatments of rhinosinusitis (RS) are the eradication of infectious process,
promotion of secretion in sinus cavity and treatment of underlying disease (eg. Allergic in‐
flammation).Endoscopy has its role in the treatment of RS by 1) utilization of endoscope for
obtaining responsible organism, and 2) utilization of endoscope as a principle instrument of
surgical procedure.

Endoscopy92

The selection of antibiotic for treatment of infectious RS usually follows the guideline that
depends on the prevalence of responsible organism in each community. Three most com‐
mon organisms of RS are Streptococcus pneumoniae, Haemophilusinfluenzae and Moraxella catar‐
rhalis.[6,7]Most of the guidelines suggest the high dose-amoxycillin with/without clavulanic
acid as the first –line drug.When there is little (minimal) response of RS patient, the physi‐
cian may switch to the second-line drug or consider taking the microbiologic culture/sensi‐
tivity test.

The gold standard of obtaining RS specimen for culture is the sinus puncture, usually from
the maxillary sinus through the inferior meatus. But the so-called maxillary Antral punc‐
ture&Irrigation (AI) is considered as an invasive procedure, which can cause the significant
pain for RS patient. To avoid this limitation and minimal contamination of non-pathogenic
organism in the nasal cavity, endoscopic-guided culture at the ostiomeatal complex (OMC)
is the alternation procedure with comparable accuracy to AI.[8] (figure 6)

Figure 6. Endoscopic-guide culture from the left middle meatus.

If the RS patient fails to the medical treatment, the surgical procedure is needed. Conven‐
tionally, the open-approach sinus surgeries are the Caldwell-Luc (CWL) and the external
frontoethmoidectomy (eg. Lynch). Prof Messerklinger proposed the breakthrough principle
of mucociliary drainage through OMC in 1975.With this principle and the advancement of
surgical instrument (especially the rigid endoscope), Prof Kennedy and Prof Stammberger
lead the concept of “Functional Endoscopic Sinus Surgery-FESS” into the acceptable sinus
procedure as a standard treatment.[9]

FESS consists of the utilization of rigid nasal endoscope and the cutting forceps to clear the
pathology at OMC area. Then, obstructed secretion inside the sinus cavities can be drained
out through OMC by the function of respiratory cilia.

Over the 30 years, there are tremendous improvement of surgical instrument and the ad‐
junctive procedure.For instance, the cutting&suction instrument such as the microdebrider
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helps the surgeon to minimize tissue trauma, which leads to less intraoperative bleeding
and better postoperative result.[10] (figure 7). The image-guidance system also helps the rhi‐
nologist to operate in the high-risk area, such as the orbit or skull base, or the uncertain
anatomy with more accuracy.[11]

Figure 7. Endoscopic resection of left nasal polyp by microdebrider.

2.1.2. Allergic rhinitis with turbinate hypertrophy

Allergic Rhinitis (AR) is the disease mediated by ‘antigen-antibody’ reaction. The responsi‐
ble antigen is the immunoglobulin E (Ig E). This pathomechanism leads to mast cell degra‐
nulation and subsequently releasing of various mediators, especially histamine and
leukotrienes (LTs). The principle treatments of AR are the avoiding of responsile allergens,
anti-allergic medication (eg. Antihistamine, corticosteroid nose spray), and modulation of
immune response (eg. Allergen Immunotherapy – AIT).[12]

The most troublesome symptom of AR is nasal blockage/obstruction. Antihistamine (AH)
and Intranasal corticosteroid (INCS) have their excellent result in alleviating of nasal ob‐
struction. In some unresponsive AR patients, their inferior turbinates are hypertrophic from
the submucous gland/vascular structures.

The original turbinate-reduction procedures are the total/subtotal turbinate resection or the
cauterization by chemical agents, electrical instruments. These procedure leads into the los‐
ing of mucosal surface and subsequently crusting and dryness of nasal cavities.

More conservative procedures, with the utilization of nasal endoscopy, are done with more
physiologic state. The endoscopic submucous resection (either by cutting-forceps or micro‐
debrider) and radiofrequency volumetric tissue reduction (RFVTR) can be done with the ex‐
cellent accuracy and surgical result.[13] (figure 8).

Endoscopy94

Figure 8. Endoscopic submucous resection of the left inferior turbinate.

2.1.3. Tumor of nose & paranasal sinuses (PNS)

Tumor of nose&PNS can be benign or malignant in-origin.The most common benign tu‐
mor is inverted papilloma.Inverted papilloma has its natural course of frequent recurrence
due to its histologic character of ‘inverted tumor cell into the attachment bony origin. So
the  principle  of  surgical  treatment  is  the  medial  maxillectomy  through  open-approach
such as the lateral rhinotomy or CWL.Nowadays, the medial maxillectomy procedure can
be  done  under  endoscope  with  the  help  of  suction&cutting  device  (eg.  Microdebrider).
The endoscopic medial maxillectomy procedure reaches it comparable result as the open
procedure.[14]

Another benign lesion that can be benefit from endoscopic procedure is the transnasal pitui‐
tary procedure. The hypophysectomy procedure has been done as the microscopic transept‐
al approach. Rhinologic surgeon can work along with neurosurgeon as a ‘four-handed
technique’ through the nostrils by using endoscope.[15] The sphenoid sinus can be approach
and further procedure of hypophysectomy can be done with the same principle of transeptal
approach.

Malignant tumors of nose & PNS can be squamous cell carcinoma that commonly originates
from the maxillary sinus or lateral nasal wall. Its symptom is subtle and the patient usually
comes to visit the otorhinolaryngologist as the advance stage. To obtain the free-margin, the
open procedure should be done to provide the good 5-years survival. But for some malig‐
nant lesions near skull base, such as olfactory neuroblastoma, the endoscope can help rhino‐
logic surgeon to delineate the surgical margin and precise surgical resection with minimized
injury to the vital structure.[16]
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2.1.4. Nasal bleeding (epistaxis)

Nasal bleeding (Epistaxis) can be categorized into two groups, anterior or posterior epistax‐
is. Anterior epistaxis is usually bled from Little’s area, which located at anteroinferior part of
nasal septum. The mild degree anterior bleeding can be stopped by cold compression or
cauterization. The more severe one can be stopped by standard anterior nasal packing.

The location of posterior epistaxis is around the posterior end of middle turbinate, which is
supplied by the sphenopalatine artery. The sphenopalatine is the terminal branch of internal
maxillary artery. Before the era of nasal endoscopy, the severe posterior epistaxis, which is
failed from the posterior nasal packing, can be treated by internal maxillary artery ligation
through the CWL approach. Nowadays, the sphenopalatine artery can be directly ligated or
clipped by endoscopic approach.[17,18] (figure 9). This procedure requires less operative
time and provides less tissue trauma comparing to the CWL approach.

Figure 9. Clipping the right sphenopalatine artery in the posterior epistaxis case.

2.2. Non-rhinologic condition

2.2.1. Obstruction of nasolacrimal system

Lacrimal system consists of the lacrimal punctum, cannaliculus, lacrimal sac and lacrimal
duct. The duct drains tear into the inferior meatus. Location of lacrimal drainage obstruction
commonly occurs below the level of sac. Dacryocystorhinostomy (DCR) is the procedure for
the treatment of obstructive of lacrimal system at that level. DCR can be bone via the inci‐
sion around the medial canthus region. Then, the cavity of sac is entered. The medial (nasal
surface) of sac is drained into the nasal cavity.

By using the endoscope approach, intranasal cavity can be examined and corrected if that
particular structure may contribute to the obstruction.The intranasal specific area of lacrimal
sac is called “AggerNasi” area is approached. The medial side of sac is entered after the Ag‐
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gerNasi bone work is done by drill or ronguer.(figure 10). The next step is to marsupialise
the lac and make the sac stay widely open into the nasal cavity. Endoscopic DCR provides
many advantages such as: ability to correct intranasal anatomy, less bony drilling, and no
scarring.[19,20]

Figure 10. Endoscopic DCR. The transilluminated area is the AggerNasi area.

2.2.2. Cerebrospinal fluid repair

The etiologies of cerebrospinal fluid (CSF) leakage are either traumatic or non-traumatic
cause. Most of the traumatic from accidental cause heal spontaneously after a few weeks of
conservative treatments.

For the indicated cases of CSF leak, the external approach via bi-coronal incisions with uti‐
lization of various materials, such as fascia, can be done with excellent result.[21,22] Endo‐
scopic approach to the anterior skull base is an alternative method, especially for the single-
lesion leakage or the same-stage repair with the intranasal resection of tumor.[23] Many
choices of repairing material is used, for instance:autologous fat graft, nasal mucosa, carti‐
lage from septum or auricle, and allografts. (figure 11). Metaanalysis study reveals the com‐
parable result with the external approach.[24]

2.2.3. Orbital/optic nerve decompression

Proptosis from thyroid hyperfunction is treated initially by prednisolone and immunosup‐
pressive drugs. Surgical approach reserves for the refractory case, which can be done by re‐
moval of the bony wall of orbital. Theoretically, the selective on particular wall can be
chosen, depending on the surgeon’s preference and the degree of proptosis.
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2.2.2. Cerebrospinal fluid repair

The etiologies of cerebrospinal fluid (CSF) leakage are either traumatic or non-traumatic
cause. Most of the traumatic from accidental cause heal spontaneously after a few weeks of
conservative treatments.

For the indicated cases of CSF leak, the external approach via bi-coronal incisions with uti‐
lization of various materials, such as fascia, can be done with excellent result.[21,22] Endo‐
scopic approach to the anterior skull base is an alternative method, especially for the single-
lesion leakage or the same-stage repair with the intranasal resection of tumor.[23] Many
choices of repairing material is used, for instance:autologous fat graft, nasal mucosa, carti‐
lage from septum or auricle, and allografts. (figure 11). Metaanalysis study reveals the com‐
parable result with the external approach.[24]

2.2.3. Orbital/optic nerve decompression

Proptosis from thyroid hyperfunction is treated initially by prednisolone and immunosup‐
pressive drugs. Surgical approach reserves for the refractory case, which can be done by re‐
moval of the bony wall of orbital. Theoretically, the selective on particular wall can be
chosen, depending on the surgeon’s preference and the degree of proptosis.
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Figure 11. Endoscopic CSF leak repair. The cartilaginous free-graft is inserted to repair the skull base defect.

Figure 12. Endoscopic orbital decompression. The lamina papyracea is dissected from the periorbital by curettage.

Endoscopic medial wall decompression is commonly done, allowing the orbital content ex‐
pands into the ethmoid cavity.[25,26] The first step of medial wall decompression is to do
the ethmoidectomy with/without middle meatal antrostomy. Lamina papyracea is exposed
and the surgeon can estimate the area of bony area to match with the degree of patient’s
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proptosis. Then, the bony decompression is done with minimally disturbance of orbital con‐
tent. The hyperplastic orbital content protrudes into the ethmoid cavity (figure 12), which
will make the proptosis improves. When more space is needed, the additional inferior orbi‐
tal wall is performed in the same setting. In this ‘infero-medial wall decompression’, the or‐
bital content gains more space into the maxillary & ethmoid cavities.

For the blunt traumatic injury of optic nerve, rhinologic surgeon can use the endoscope to
decompress the medial&interior wall of orbital apex. This procedure provides more space
for the compressed optic nerve.

3. Conclusion

Endoscope can be utilized in various conditions in rhinology&allergy. It provides both diag‐
nostic and therapeutic value.The surgical treatment with endoscopic approach can be done
in the inflammatory condition and the others conditions such as tumor resection, CSF leak‐
age repair, DCR, orbital decompression, vascular ligation in epistaxis.
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1. Introduction

Sinus surgery was initially done transnasally or by a transmaxillary approach with the use
of external lighting (often a headlight) and the surgeon’s direct vision. Endoscopic techni‐
ques for intranasal surgery were first pioneered for adult applications and were gradually
applied to pediatric sinus surgery as endoscope technology improved and smaller diameter
endoscopes became available. Techniques that were developed in Europe were championed
by Kennedy in the United States, with an emphasis on targeted removal of diseased tissue
and preservation of normal mucosa [1, 2].

In 1989, Gross et al. published one of the first case series documenting functional endoscopic
sinus surgery in the pediatric population. They noted that all 57 children in the series toler‐
ated the procedure well and that there were no major complications [3]. Since that time, en‐
doscopic intranasal surgical techniques in children have become commonplace for
applications ranging from chronic sinusitis and nasal polyposis to the treatment of compli‐
cations of acute sinusitis as well as approaches to the skull base.

2. Equipment

2.1. Camera and monitors

Initially, endoscopic sinus surgery was performed with the surgeon looking directly
through the optical telescope. As digital cameras improved, the images could be magnified
and viewed on a monitor allowing the surgeon better visualization as well as improving
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their working room and ability to operate. In recent years, improvements in the size and rea‐
sonable cost of high-definition monitors and cameras have allowed these to become com‐
monplace in many operating rooms and clinics.

2.2. Endoscopes

There are a variety of endoscopes that can be used for pediatric sinus surgery. Depending
on the size of the patient, the 4.0 mm diameter endoscope (used for adult sinus procedures)
provides the best field of view and resolution. If the child’s anatomy is too small to accom‐
modate the 4.0 mm endoscope, a 2.7 mm diameter endoscope can be used. However, the 2.7
mm telescope is more fragile and can be easily broken if too much pressure is placed on the
shaft.

Depending on the surgical application, different angled endoscopes are available to provide
optimal visualization into the sinuses. The 0 degree endoscope is one of the easiest endo‐
scopes to use as it provides a straight-on view. Scopes with angled tips that allow for views
of 30, 45 and 70 degrees are frequently used for endoscopic sinus surgery. During a particu‐
lar procedure, the surgeon may switch endoscopes frequently depending on which portion
of the anatomy they would like to view and operate upon. The 0 degree scope is most com‐
monly used for visualizing the ethmoid and sphenoid sinuses, however angled scopes are
most commonly used for viewing the maxillary and frontal sinuses. The angle of most
scopes is fixed, however the scope can be turned to visualize in any direction. A scope is
now available, which is a heavier than others, that allows for adjustment of the angle on a
single scope. The stem of scope, which is where the light cord attaches, can be turned to fa‐
cilitate looking in other directions. In order to avoid interference of instruments used, scopes
that have the light cord coming off the same side or opposite side that the scope is directed
are available. Both the standard and reverse-post scopes are an important component of a
surgeon’s armamentarium.

Figure 1. Telescopes, from left to right, 0, 30, 70 degree respectively.
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2.3. Endoscopic surgical instruments

Miniaturized versions of adult sinus surgery instruments are available from several instru‐
ment manufacturers. These instruments allow surgeons to open particular sinuses while
avoiding disturbing normal mucosa.

Another important instrument for endoscopic sinus surgery is the microdebrider. Several
manufacturers have produced powered devices that can remove tissue during endoscopic
sinus surgery. For example, a 4.0 and a 2.9 mm microdebrider blade can be used depend‐
ing on the size of the patient.  The smaller powered instruments do tend to get clogged
with bone chips more frequently. In addition, endoscopic drills exist which can precisely
remove bone.

3. Pertinent sinonasal embryology

During fetal  development  the  nasal  placode is  noted at  around four  and a  half  weeks.
The nasal  cavity is  then formed due to the fusion of  the medial  and lateral  nasal  proc‐
esses. The turbinates develop shortly thereafter at around 40 days [4].  Ethmoid budding
is noted around 11 to 12 weeks and maxillary budding is noted around 14 to 15 weeks
of development [5].

The progression of sinus development was initially documented via cadaver studies, and a
recent large-scale imaging study helped re-confirm these findings through non-invasive
MRI scanning to evaluate the volume of the paranasal sinuses of patients with healthy si‐
nuses undergoing scans for other reasons. It was found that initial pneumatization was not‐
ed for the maxillary and ethomid sinuses at birth, for the sphenoid sinus at 9 months, and
for the frontal sinus after 5 years of age. Additionally the development of the paranasal si‐
nuses was noted to be ongoing until at least the late teen years [5].

The fact the sinuses are continuing to develop as children grow becomes important in con‐
sidering the possible acute complications of sinusitis that will be discussed later in this chap‐
ter. The peak time for development of the frontal sinus and the diploic venous system is in
adolescence [6], which partially explains why adolescents are the most common age group
afflicted by intracranial complications of sinusitis.

4. Clinical presentation of pediatric acute complicated sinusitis

Due the relative rarity of cases of acute complicated sinusitis in children, the exact incidence
is unclear. The most frequent complications of sinusitis in children are extracranial and in‐
clude periorbital/orbital cellulitis and subperiosteal/orbital abscess. These two complications
comprise up to 90 percent of complications of sinusitis in children [7]. Opthalmological eval‐
uation is critical in these cases to thoroughly assess the status of the eye. However, in the
subset of patients who require inpatient admission for treatment, the incidence of intracrani‐
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al complications has been estimated to be around 3% based on a large review of patients ad‐
mitted with sinusitis [8]. Interestingly, male patients account for 60-70% of the cases of
complications of acute sinusitis [9].

Figure 2. Left periorbital cellulitis with associated subperiosteal abscess

Orbital complications and intracranial complications can present somewhat differently, but
at times they can have overlapping symptoms. In addition to systemic symptoms of fever
and change in energy level and nasal symptoms of congestion and purulent drainage, pa‐
tients with orbital complications such as cellulitis and abscess typically develop erythema
and edema of the eyelid as well as proptosis [10]. Decreased ocular motility is also a fre‐
quent sign of orbital cellulitis and abscess with a reported incidence of approximately 35%
and 80% respectively [7]. Visual acuity can be worsened, and in severe cases nonreactive pu‐
pils are noted. Complete opthalmological evaluation is an important part of the manage‐
ment of these patients with orbital complications.

Intracranial complications can present in a somewhat non-specific manner with the most
frequent  symptoms  being  fever  in  about  75%  and  headache  in  67-92%  of  children
[11-13].  Other  systemic symptoms include nausea and vomiting and lethargy.  Some pa‐
tients  with  intracranial  pathology  can  present  with  extracranial  complications  at  the
same  time,  such  as  orbital  cellulitis  and  forehead  abscesses  [11].  A  significant  number
patients  with  intracranial  complications  of  sinusitis  (38-59%)  will  present  with  normal
neurological  exams  [11,  13],  which  makes  diagnosis  more  difficult  and  emphasizes  the
importance  of  proper  imaging  studies  in  the  evaluation  of  these  patients.  Patients  that
present with central neurologic signs and symptoms can present with an altered level of
consciousness, cranial nerve palsies, hemiparesis, new onset seizures, visual disturbances,
slurred speech, and meningeal signs [7, 11-13].

Of note, patients with intracranial complications of sinusitis have a high incidence of seiz‐
ures and anticonvulsant therapy as prophylaxis should be considered for all patients with
intracranial complications [13].
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5. Role of imaging in pediatric acute complicated sinusitis

5.1. Computed Tomography (CT)

CT scanning is the gold standard for imaging of the paranasal sinuses. Unlike for patients
with chronic sinusitis for whom non-contast studies may be sufficient, children with possi‐
ble complications of acute sinusitis require contrast-enhanced studies. One drawback of CT
scanning is that it does lack specificity due to mucosal changes that may be considered inci‐
dental and due to the slow resolution of edema after infections [10, 14]. Although there is a
priority to avoid the radiation of a CT scan in children, it remains a crucial imaging modali‐
ty for diagnosis and management of acute complicated sinusitis. CT can often miss intracra‐
nial involvement in cases of acute complicated sinusitis up to 50% of the time. Patients 7
years and older with orbital infections have been shown to have about a 10% incidence of
concomitant intracranial involvement [15].

5.2. Magnetic Resonance Imaging (MRI)

Contrast-enhanced MRI scans are necessary for patients who are suspected of having intra‐
cranial complications of sinusitis. MRI is superior to CT in that it is able to delineate early
cerebritis changes as well as provide further detail regarding the meninges, marrow spaces
as well as the orbital apex and cavernous sinus [10, 14].

5.3. Intraoperative surgical guidance

Image guidance systems are used widely by both otolaryngologists and neurosurgeons for
adult applications. Data regarding the utility of image guidance in children is not as abun‐
dant. However, literature reviews of the indications and safety of image guidance in pedia‐
tric sinus and skull base surgery supports its use for complex cases and cases with distorted
anatomy which includes cases of acute complicated sinusitis. Additionally, there were no
complications that were reported in either retrospective studies[16, 17]. Image guidance can
include CT and/or MRI, however, for cases of acute complicated sinusitis, CT is the most
useful for defining bony landmarks within the sinonasal cavity. MRI can certainly assist
with soft tissue landmarks when needed in complex cases.

6. Role of medical management

Medical management of children with acute complicated sinusitis is mainly centered around
the administration of IV antibiotics. Broad-spectrum antibiotics are chosen until culture-di‐
rected therapy can be provided. Adjunctive therapy to help reduce mucosal edema includes
systemic steroids and decongestants, and topical decongestants (oxymetazaline) and topical
steroids. However, there is not much literature to support the use of these agents in the set‐
ting of acute complicated sinusitis, but there is no definitive evidence that these would be
harmful. Additionally, nasal saline irrigation or nasal saline spray can be helpful to clear se‐
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al complications has been estimated to be around 3% based on a large review of patients ad‐
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complications of acute sinusitis [9].
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cretions in the sinonasal cavity. However, the utility of topical therapies depend on the age
and developmental level of each child.

7. Complications of acute sinusitis

7.1. Periorbital and orbital cellulitis

About 60 to 85% of orbital and periorbital infections are attributed to the paranasal sinuses
[14]. Periorbital cellulitis is the most frequent complication of sinusitis in the pediatric popu‐
lation. Fortunately, most cases of periorbital cellulitis will respond to medical management
with nasal decongestants and systemic antibiotics. For all cases of orbital cellulitis the im‐
volvement an ophthalmologist is crucial for full assessment of the eye.

It is important to distinguish pre-septal periorbital cellulitis from post-septal (orbital) celluli‐
tis. The orbital septum is an important landmark. It is a continuation of the orbital perios‐
teum that extends to the tarsal plate.

Garrett et al. examined CT scans of 100 consecutive patients with periorbital cellulitis and
noted that children with a dehiscence of the lamina papyracea have a higher incidence of
requiring endoscopic sinus surgery to address periorbital infection [18]. Jatana et al. reported
a rare case of recurrent periorbital sinusitis in a young child which ultimately required en‐
doscopic surgical management; this patient had an abnormal lateralized uncinate and a de‐
hiscence of the lamina papyracea. Congenital anatomical abnormalities may contribute to
the pathophysiology of this complication of sinusitis; this highlights the importance of imag‐
ing studies including high-resolution CT and consideration of early surgical intervention
particularily in the event of recurrence [19].

Figure 3. Endoscopic view with a 0 degree telescope demonstrating scarring of left middle meatus imparing sinus
drainage and causing periorbital cellulitis.
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Figure 4. Endoscopic view of the left maxillary sinus with a 30 degree telescope showing frank purulence after a max‐
illary antrostomy was created.

7.2. Subperiosteal abscess

The concept of the orbital septum as a continuation of the periosteum becomes important to un‐
derstand the development of a subperiosteal abscess. The periosteum of the medial orbit lies
next to the lamina papyracea; the lamina papyracea is very thin and porous and a potential
space can be dissected by an infectious process. The spread of infection from the ethmoid si‐
nuses can lead to phlegmon and abscess between the bone and the orbital periosteum. In rare
cases, subperiosteal abscess can also be caused by frontal or maxillary sinusitis [14, 20]. Oxford
and McClay suggested guidelines to help determine if surgical treatment is warranted for sub‐
periosteal abscesses. They recommend medical management with frequent re-evaluation of the
eye if the following criteria are met: normal vison, pupil, and retina, no ophthalmoplegia,
IOP<20mmHg, proptosis<5mm, and an abscess width of < 4 mm [21].

Figure 5. CT scan with contrast, axial, with demonstration of left subperiosteal abscess (enhancing rim).
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Figure 6. Left-Endoscopic view of left middle meatus with 0 degree telescope, purulence encountered in the ethmoid
sinuses; Right-After endoscopic surgical removal of a portion of the lamina papyracea for drainage of the subperios‐
teal abscess, a blunt probe was placed through the defect. The left periorbita is immediately medial to the tip of the
probe.

Figure 7. Endoscopic view with a 0 degree telescope of left lamina papyracea and periorbita, the instrument is on the
periorbita after removal of a portion of the lamina papyracea. Using endoscopic visualization, an incison through the
periorbita (parallel to the medial rectus muscle) could be made if orbital decompression was needed; this is an impor‐
tant consideration in cases of orbital cellulitis/abscess.

The recent trend in treatment for subperiosteal abscesses along the lamina has been to pro‐
ceed with endoscopic treatment with external approaches reserved for treatment failures
and abscess that are not accessible via the lamina [22]. Some authors suggest that patients
who fail to improve 24 hours after endoscopic drainage could undergo re-imaging to see if
they would benefit from an additinal drainage procedure [20]

7.3. Orbital abscess

When a post-septal infection organizes, an orbital abscess can occur. Orbital abscesses are
accessible endoscopically by making an incision in the periorbita. Some orbital abscesses re‐
quire an orbitotomy, which is an external incision to approach the intraorbital contents. En‐
doscopic treatment of the sinuses is important in addition to drainage of the abscess. Orbital
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abscesses are true emergencies as they are often associated with acute vision changes secon‐
dary to pressure on the optic nerve or vasospasm of the retinal artery.

7.4. Meningitis

Meinigitis can be seen in conjunction with other suppurative complications of sinusitis. En‐
hancement of the meninges is seen on CT or MRI if performed with contrast [14]. Meningitis as
the sole complication of sinusitis does not always need to be treated with endoscopic surgery.
Patients can be started on broad-spectrum antibiotics that cross the blood brain barrier and their
clinical progress can be watched closely for 48 hours [23]. Any patient with bacterial meningitis
needs to have a close follow-up with audiological testing as significant hearing loss can occur.

7.5. Epidural abscess

Epidural abscess is a collection of purulence external to the dural layer. For children with
epidural abscesses due to paranasal sinus infections, there is some controversy as to the ap‐
propriate treatment. Some neurosurgeons feel that if the sinuses are addressed surgically
and antibiotics are used, some patients may be able to avoid craniotomy, but this belief is
not shared by all in the specialty [24]. Regardless of the exact surgical treatment modality
(endoscopic treatment alone or in conjunction with craniotomy), it is important to treat pa‐
tients with a multidisciplinary team that includes infectious disease, otolaryngology, and
neurosurgery specialists.

7.6. Subdural empyema

Subdural empyema is a collection of purulence between the dura and arachnoid layers. It is
considered to be a surgical emergency. Coordination between the neurosurgery and otolar‐
yngology teams is paramount to address the collection via a craniotomy and to address the
sinus disease that was causative via endoscopic sinus surgery [6, 25].

Figure 8. T1 contrast enhanced MRI showing large subdural empyema in left temporal-parietal region in a 9 year-old
with mental status changes and paresis.
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Figure 9. Endoscopic view of the right frontal recess using a 70 degree telescope, purulence was drained from the
frontal sinus after craniotomy in this 9 year-old patient.

7.7. Intracerebral abcess

Cerebritis can be considered a pre-cursor of actual abscess within the brain parynchema.
Cerebritis can be suggested on contrast-enhanced CT and also on MRI with ill-defined en‐
hancement. Actual abscesses within the brain are best diagnosed with MRI and are at times
difficult to distinguish from cystic tumors [14]. Intracerebral abscesses are most frequent in
the frontal lobe adjacent to the frontal sinus [10]. In general, neurosurgical drainage of the
intracranial abscess and endoscopic sinus surgery for any associated intranasal pathology
are of the utmost importance.

Figure 10. MRI with contrast, showing enhancing abscess within right frontal lobe.

7.8. Pott’s Puffy/osteomyelitis

Pott’s puffy “tumor“ is an infectious complication of sinusitis involving frontal bone osteo‐
myelitis with an associated frontal subperiosteal abscess that creates swelling of the fore‐
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head [26]. It can also be associated with intracranial abscesses in some cases. The etiology
can be infection from sinus disease or due to trauma to the frontal bone resulting in a con‐
duit for spread of infection. Medical management of sinus disease is a component of treat‐
ment, but surgical intervention is paramount. The approach to treat Pott’s puffy tumor can
be endoscopic with a frontal sinusotomy and anterior ethomidectomy, but a combined ap‐
proach with an external incision may be required depending on the size of the subperiosteal
abscess and whether or not there are associated intracranial complications. Following surgi‐
cal treatment, patients will require prolonged courses of IV antibiotics until the osteomyeli‐
tis has resolved [27].

Figure 11. Axial CT showing left frontal sinus opacification and connection to scalp, consistent with Pott’s Puffy. Ap‐
proximately 80 mL of purulence was drained from the scalp abscess.

Figure 12. Endoscopic view of the left frontal sinus with a 70 degree telescope.
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7.9. Cavernous sinus thrombosis

Cavernous sinus thrombosis can occur due to the spread of infection from the middle third
of the face or from the sinuses and orbit due to the valveless venous system in the anatomi‐
cal region [28]. Emergent drainage of any paranasal sinus or orbital infection is important in
conjunction with intravenous antibiotics. Systemic anticoagulation is considered in all of
these cases. Despite aggressive treatment, cavernous sinus thrombosis remains a life-threat‐
ening illness (in addition to causing to cranial neuropathy and blindness) that requires mul‐
tidisciplinary care in an intensive care unit setting.

8. Complications of endoscopic sinus surgery

Major complications after endoscopic sinus surgery include CSF leak, orbital injury and
hemorrhage. A recent retrospective study by Ramakrishnan et al. looked at overall rates of
major complications after endoscopic sinus surgery. The overall rate of major complications
across all age groups was 1%. This was divided among patients with CSF leak (0.17%), pa‐
tients with orbital injuries (0.07%), and patients with significant hemorrhage that required
blood transfusion (0.76%). This data represents significant improvement from previous ret‐
rospective analyses. When the complications were stratified by age, they found that CSF
leak was less likely to occur in children, but orbital injury was more likely in the pediatric
population. This likely stems from smaller maxillary sinuses and lower orbital floors in
young children.

Concerns have been raised that sinus surgery in children could affect facial growth. An ani‐
mal study looking at facial growth in piglets that underwent endoscopic sinus surgery re‐
vealed decreased facial growth on the operative side. This same study investigated the types
of bone that were removed from pediatric patients who underwent endoscopic sinus sur‐
gery and noted that children less than 9 years old had immature bone in contrast to children
over 9 years old and older who had more mature bone in their specimens [29].

A quantitative study in pediatric patients was performed by Senior et al. in order to evaluate
facial growth using CT scan images and volumetric analysis. Their study looked at patients
who underwent sinus surgery due to orbital cellulitis and abscess and re-evaluated the pa‐
tients 4 to 10 years later. There was no statistically significant difference in sinus volume
from the operated side to the non-operated side. However, a small difference in orbital vol‐
ume was noted from the operated side to the non-operated side. Overall, they concluded
that sinus surgery in children has minimal impact on sinus and facial growth [30].

9. Post-operative management

9.1. Inpatient

Patients  with acute  complicated sinusitis  will  require  close  monitoring after  surgical  in‐
tervention.  Patients  with  intracranial  involvement  may require  intensive  care  unit  man‐
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agement  until  they  show  clinical  improvement.  These  patients  generally  need
multidisciplinary involvement including the surgical teams of neurosurgery, otolaryngol‐
ogy and ophthalmology as well as an infectious disease specialist. Serial opthalmological
examinations are important to optimize visual outcomes when the orbit is involved. Giv‐
en the consequences of persistent or recurrent infection, the threshold for repeat imaging
and possible  return  to  the  operating  room must  remain  low.  Antibiotic  therapy can be
tailored to the particular culture results when available. Adjunctive therapy such as topi‐
cal  and  systemic  decongestants  and  nasal  saline  spray  or  irrigation  are  also  of  impor‐
tance during this period.

9.2. Outpatient

Primary  outpatient  management  of  complicated  acute  sinusitis  is  not  the  standard  of
care. Once patients are stabilized clinically, they can often be treated with outpatient an‐
tibiotic  regimens  via  PICC  lines  or  in  some  cases  be  transitioned  to  an  oral  regimen.
From the  otolaryngologist's  perspective,  some children who have  endoscopic  sinus  sur‐
gery may need to return to the operating room for debridement during the healing proc‐
ess.  During  the  early  years  of  endoscopic  sinus  surgery,  taking  children  back  to  the
operating  room two to  three  weeks  after  surgery  for  debridement  was  the  standard of
care [31]. However, after further evaluation, this approach was found to have no benefit
in terms of nasal obstruction, drainage or cough [32].  A secondary procedure in the op‐
erating room should be  considered for  select  patients  depending on how well  they are
able to irrigate as well as how easily they tolerate endoscopic exam and gentle debride‐
ment in the clinic.  The threshold for return to the operating room for patients who un‐
derwent  major  dissections  should  be  lower  than  for  those  who  had  more  limited
procedures [33]. Parents must be informed at the time of the initial surgery that multiple
surgical  procedures  may  be  required.  Surveillance  of  scar  tissue  formation,  which  is
more common in the setting of  acute  infection,  can be performed endoscopically  in  the
office.  If  there  is  concern  that  the  sinuses  are  not  draining  properly,  revision  surgery
should be performed to prevent return of the previous complication.

10. Open surgical approaches

10.1. Lynch incision

Although intranasal approaches are frequently the preferred route for accessing the para‐
nasal sinuses and the medial orbit, patients and their families should be counseled that ex‐
ternal approaches to the anterior ethmoid region may be required. The Lynch approach
leaves a scar that courses from the medial brow along the side of the nose but may be re‐
quired in cases where the medial orbit cannot be accessed endoscopically due to severe ede‐
ma or inflammatory tissues that interfere with endoscopic visualization.
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8. Complications of endoscopic sinus surgery

Major complications after endoscopic sinus surgery include CSF leak, orbital injury and
hemorrhage. A recent retrospective study by Ramakrishnan et al. looked at overall rates of
major complications after endoscopic sinus surgery. The overall rate of major complications
across all age groups was 1%. This was divided among patients with CSF leak (0.17%), pa‐
tients with orbital injuries (0.07%), and patients with significant hemorrhage that required
blood transfusion (0.76%). This data represents significant improvement from previous ret‐
rospective analyses. When the complications were stratified by age, they found that CSF
leak was less likely to occur in children, but orbital injury was more likely in the pediatric
population. This likely stems from smaller maxillary sinuses and lower orbital floors in
young children.

Concerns have been raised that sinus surgery in children could affect facial growth. An ani‐
mal study looking at facial growth in piglets that underwent endoscopic sinus surgery re‐
vealed decreased facial growth on the operative side. This same study investigated the types
of bone that were removed from pediatric patients who underwent endoscopic sinus sur‐
gery and noted that children less than 9 years old had immature bone in contrast to children
over 9 years old and older who had more mature bone in their specimens [29].

A quantitative study in pediatric patients was performed by Senior et al. in order to evaluate
facial growth using CT scan images and volumetric analysis. Their study looked at patients
who underwent sinus surgery due to orbital cellulitis and abscess and re-evaluated the pa‐
tients 4 to 10 years later. There was no statistically significant difference in sinus volume
from the operated side to the non-operated side. However, a small difference in orbital vol‐
ume was noted from the operated side to the non-operated side. Overall, they concluded
that sinus surgery in children has minimal impact on sinus and facial growth [30].

9. Post-operative management

9.1. Inpatient

Patients  with acute  complicated sinusitis  will  require  close  monitoring after  surgical  in‐
tervention.  Patients  with  intracranial  involvement  may require  intensive  care  unit  man‐
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agement  until  they  show  clinical  improvement.  These  patients  generally  need
multidisciplinary involvement including the surgical teams of neurosurgery, otolaryngol‐
ogy and ophthalmology as well as an infectious disease specialist. Serial opthalmological
examinations are important to optimize visual outcomes when the orbit is involved. Giv‐
en the consequences of persistent or recurrent infection, the threshold for repeat imaging
and possible  return  to  the  operating  room must  remain  low.  Antibiotic  therapy can be
tailored to the particular culture results when available. Adjunctive therapy such as topi‐
cal  and  systemic  decongestants  and  nasal  saline  spray  or  irrigation  are  also  of  impor‐
tance during this period.

9.2. Outpatient

Primary  outpatient  management  of  complicated  acute  sinusitis  is  not  the  standard  of
care. Once patients are stabilized clinically, they can often be treated with outpatient an‐
tibiotic  regimens  via  PICC  lines  or  in  some  cases  be  transitioned  to  an  oral  regimen.
From the  otolaryngologist's  perspective,  some children who have  endoscopic  sinus  sur‐
gery may need to return to the operating room for debridement during the healing proc‐
ess.  During  the  early  years  of  endoscopic  sinus  surgery,  taking  children  back  to  the
operating  room two to  three  weeks  after  surgery  for  debridement  was  the  standard of
care [31]. However, after further evaluation, this approach was found to have no benefit
in terms of nasal obstruction, drainage or cough [32].  A secondary procedure in the op‐
erating room should be  considered for  select  patients  depending on how well  they are
able to irrigate as well as how easily they tolerate endoscopic exam and gentle debride‐
ment in the clinic.  The threshold for return to the operating room for patients who un‐
derwent  major  dissections  should  be  lower  than  for  those  who  had  more  limited
procedures [33]. Parents must be informed at the time of the initial surgery that multiple
surgical  procedures  may  be  required.  Surveillance  of  scar  tissue  formation,  which  is
more common in the setting of  acute  infection,  can be performed endoscopically  in  the
office.  If  there  is  concern  that  the  sinuses  are  not  draining  properly,  revision  surgery
should be performed to prevent return of the previous complication.

10. Open surgical approaches

10.1. Lynch incision

Although intranasal approaches are frequently the preferred route for accessing the para‐
nasal sinuses and the medial orbit, patients and their families should be counseled that ex‐
ternal approaches to the anterior ethmoid region may be required. The Lynch approach
leaves a scar that courses from the medial brow along the side of the nose but may be re‐
quired in cases where the medial orbit cannot be accessed endoscopically due to severe ede‐
ma or inflammatory tissues that interfere with endoscopic visualization.
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10.2. Trephination

Trephination is another adjunctive external approach that is particularly helpful to access
the  frontal  sinus.  It  requires  a  small  external  incision  but  can  help  minimize  operating
room time in patients that are clinically unstable. Additionally, a case series reported the
use of  mini-trephination of  the frontal  sinus with drain placement as a possible adjunct
for patients with sinusitis complicated with intracranial infection [34]. An endoscope can
also be used for improved visualization of the frontal sinus through the trephination and
has been described by Jatana et  al.  to  assist  in repair  of  a  subclinical  CSF leak from an
isolated posterior table frontal sinus fracture that caused recurrent meningitis in a pedia‐
tric patient [35].

Figure 13. Right frontal sinus trephination performed in conjuction with an endoscopic approach and a drain for irri‐
gation was placed into the right frontal sinus.

10.3. Transcaruncular

Another external approach that does not have the drawback of visible scarring is the trans‐
caruncular approach. This approach is performed by making a transconjunctival incision
just lateral or medial to the lacrimal caruncle and then dissecting to the anterior medial orbi‐
tal wall. Dissection then continues by elevating the periorbita from the lamina until the ab‐
scess is accessed. This approach can be used in conjunction with endoscopic drainage of a
subperiosteal abscess to ensure that the entire cavity is adequately drained and reduce the
risk of recurrence [36].
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11. Conclusion

Endoscopic surgical techniques are an important component of treatment for acute compli‐
cated sinusitis in the pediatric population. Given the diverse nature or presenting signs and
symptoms, a high index of suspicion for complications of sinusitis must be maintained for
patients presenting with complaints previously described. Using endoscopic approaches to
the sinuses, the otolaryngologist is an important member of the multidisciplinary team that
cares for patients with complications of sinusitis.
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Endoscopy -
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and Skull Base Surgery
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1. Introduction

Skull base and sinus surgery has evolved dramatically throughout the past century. It is
not  long ago that  the  maxillary  sinus  would principally  be  reached via  an anterior  ap‐
proach through the  gingivobuccal  sulcus  of  the  oral  cavity.  The earliest  days  of  endos‐
copy  date  back  to  the  early  1900s,  when  Hirschmann  used  a  modified  cystoscope  to
examine  the  sinuses.  Thereafter,  modern  endoscopy  has  seen  advances  not  only  in  the
types of endoscopes available, but also the types of interventions amenable to the endo‐
scopic approach.

However, even in this modern era of refined endoscopic instrumentation and technique,
opinion remains split  regarding the optimal approach to certain areas of  the skull  base.
For example, areas such as the anterior cranial fossa and the infratemporal fossa are of‐
ten approached through external  transcutaneous approaches despite the development of
adequate and safe transnasal endoscopic pathway.

The current  chapter  aims to  provide a  complete  comparison of  endoscopic  versus open
approaches of routinely performed sinus and skull  base surgical procedures.  It  will  also
emphasize  the  advantages  of  endoscopy  versus  traditional  approaches  for  sinus  and
skull  base  surgery,  including  management  of  tumors,  infectious  processes,  congenital
anomalies and traumatic injuries.
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Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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1. Introduction

Skull base and sinus surgery has evolved dramatically throughout the past century. It is
not  long ago that  the  maxillary  sinus  would principally  be  reached via  an anterior  ap‐
proach through the  gingivobuccal  sulcus  of  the  oral  cavity.  The earliest  days  of  endos‐
copy  date  back  to  the  early  1900s,  when  Hirschmann  used  a  modified  cystoscope  to
examine  the  sinuses.  Thereafter,  modern  endoscopy  has  seen  advances  not  only  in  the
types of endoscopes available, but also the types of interventions amenable to the endo‐
scopic approach.

However, even in this modern era of refined endoscopic instrumentation and technique,
opinion remains split  regarding the optimal approach to certain areas of  the skull  base.
For example, areas such as the anterior cranial fossa and the infratemporal fossa are of‐
ten approached through external  transcutaneous approaches despite the development of
adequate and safe transnasal endoscopic pathway.

The current  chapter  aims to  provide a  complete  comparison of  endoscopic  versus open
approaches of routinely performed sinus and skull  base surgical procedures.  It  will  also
emphasize  the  advantages  of  endoscopy  versus  traditional  approaches  for  sinus  and
skull  base  surgery,  including  management  of  tumors,  infectious  processes,  congenital
anomalies and traumatic injuries.
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2. Evolution of endoscopic sinus surgery

2.1. History of the emergence of endoscopes

The historical evolution of endoscopic sinus surgery is quite fascinating. Hippocrates can be
considered one of the first practitioners of rhinology. He was one of the first to document
treatment of nasal polyps using snares or sponges on a string.[1] Thereafter, there were
many ancient rhinology physicians that contributed to the evolution of rhinology, however
we will focus on the evolution of endoscopic sinus surgery in this chapter.

The first reports of endoscopic visualization of the sinuses date back to 1901 when Hirsch‐
man used a small cystoscope with an electric bulb to examine the maxillary sinus through
an oroantral fistula.[2] Thereafter, in 1902, Reichert performed the first known endoscopic
sinus surgery, performing maxillary sinus manipulation through an oroantral fistula.[3]
Continuing this trend, in 1922, Spielberg employed antroscopes to access the maxillary sinus
via the inferior meatus.[2] The term “sinuscopy” was later popularized by Maltz in 1925.[2]

At that time, these endoscopes were not surprisingly restricted in terms of optical quality,
field of view and illumination, relying on flame or electric bulbs.[2] In the 1960s, Hopkins
developed the rod optic endoscope. Hopkins, also known for the development of the fiber
optic gastroscope and zoom lens for cameras, revolutionized the optical quality available to
surgeons.[3] Thereafter, Karl Storz in Germany created angled endoscopes ranging from 0 to
120 degrees, thus allowing visualization of a field of view never previously imagined.[2]

In the 1970s, this new and exciting armamentarium of endoscopic tools allowed surgeons
such as Messerklinger, Stammberger, Draf and Wigand to transition sinus surgery from a
radical operation to a minimally invasive procedure.[2,3] In 1978, Messerklinger published
the landmark reference “Endoscopy of the nose”, due to large part from this remarkable
evolution in endoscopic sinus surgery tools. He thoroughly examined the mucociliary clear‐
ance pattern and endoscopic changes of the osteomeatal complex,[3] thus further under‐
standing sinus disease.

At that time, Draf published his own work on the sinuses and it was his experience that
made frontal sinus access more realistic and safe.[4] Stammberger was also enthusiastic and
prominent in the field of endoscopic surgery and popularized Messerklinger’s ideas world‐
wide. The immense work of these pioneers remodeled sinus surgery. The principle of treat‐
ing sinus disease from a functional point of view at the site of obstruction replaced the
traditional mucosal stripping approach to treat inflammatory disease.[3] This work led to
the term “functional endoscopic sinus surgery,” which was coined by Kennedy in 1985.[2] In
the same year, the first two established courses in North America on endoscopic sinus sur‐
gery were given at the Johns Hopkins Hospital.[3]

Furthermore, more contemporary surgeons, following the work of the pioneers of rhinolo‐
gy, expanded the limits to which nasal endoscopy could treat disease. Areas of the skull
base were also accessed and different types of procedures amenable to this approach revolu‐
tionized the field of rhinology. The first description of trans-sphenoidal approach to the sell‐
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ar region dates back to 1907, perfored by Schloffer.[4,5] Another prominent surgeon,
Cushing, performed this procedure for many years, but abandoned this approach in 1927
due to the high complication rate. The procedure rapidly lost popularity until Dott, a disci‐
ple of Cushing, created a lighted speculum as an aid for trans-sphenoidal visualization.[6] In
the 1960s, Guiot, a disciple of Dott, popularised this approach.[4] He was the first neurosur‐
geon to perform transsphenoidal surgery.[6]

In 1967, Jules Hardy reported the use of the surgical microscope for transsphenoidal sur‐
gery.[5]He is credited for developing the fundamental principles of pituitary surgery upto
this day.[5] Jankowski published the first series on endoscopic pituitary surgery procedures
in 1992.[7] The term “functional endoscopic pituitary surgery” was coined by Cappabianca
and de Divitiis.[6]

However, the endoscopic approach to the skull base didn’t end at the sella region. Weiss, in
1987, was the first to publish about extending the transsphenoidal approach to access supra‐
sellar lesions.[5] Thereafter, the first report of endoscopic transsphenoidal approach for re‐
section of a large clivus chordoma was published in 1996 by Jho.[8] More contemporary
surgeons have continued this endoscopic advacement towards the skull base with new ap‐
proaches to areas such as the infratemporal fossa and the anterior cranial fossa.

With the evolution of endoscopes, also came an evolution in surgical instruments used in
sinus surgery. Early endoscopic surgery was performed using grasping forceps, which often
stripped mucosa and denuded bone. At first, this was considered ideal as the theory of re‐
moving all the diseased mucosa was preached. However, with endoscopes, surgeons were
able to visualize the sinuses on post-operative follow-ups and discover the osteitis, scarring
and osteoneogenesis that their surgery had caused. Thus, there was a movement to create
new endoscopic fine-cutting instruments, originally developped for orthopedic cartilage
work, to perform minimally invasive “functional” surgery. Later, an evolutionary descend‐
ent of the through cutting instruments, was the emergence of the microdebrider, also origi‐
nally used in orthopedics. Setliff and Parsons introduced the microdebrider to sinonasal
surgery.[3]

It is important to emphasize the work of pioneers such as Messerklinger, Draf, Wigand and
others as a focal transition point in the medical community’s understanding of sinus disease.
In fact, before their reports, sinus disease treatment was based on an invasive exenterative
approach of removing all the inflammed mucosa of the sinuses. The main focus of treatment
was to obliterate and remove all the sinonasal regions of disease. However, the work of
these legendary surgeons allowed physicians to understand the functional aspect of sinus
anatomy. They demonstrated that a large amount of sinus disease was based on an impair‐
ment of adequate drainage and that resolution of the latter obstruction would allow sympto‐
matic relief.

This concept of mucosal preservation still applies today and is the basis of a large portion of
rhinology practice. In fact, rhinologists are careful to avoid mucosal stripping that can po‐
tentially cause impaired mucociliary clearance or neo-osteogenesis.[9] This has motivated
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the development of precise instrumentation including sharp through-cutters and microde‐
briders that mimise trauma to adjacent healthy tissue.

2.2. Endoscopes of the 21ST century

Endoscopes today have offered sinus surgeons the ability to increase the potential applica‐
tions of endoscopic sinus surgery. There is a strong movement by manufacturers to improve
optical quality of their endoscopes. One such improvement is the use of the xenon light,
which was an upgrade to the halogen light source, with advantages such as durability, di‐
minished heat production and energy consumption. Another improvement is the diameter
of the endoscopes with some available as small as 2 mm. The most common scopes current‐
ly employed in sinus and skull base surgery are 4 mm in diameter by 20 cm long; 2.7 mm
diameter scopes are commonly reserved for pediatric cases. These scopes are available in
various angles ranging from 0 to 30, 45, and 70 degrees and provide high quality imaging.[9]

Furthermore, there have been improvements in the processing camera used for endocopic sur‐
gery. Modern cameras have gone from 1 silicone chip to 3 silicone chip cameras in order to proc‐
ess the three primary colors [red, blue and green] as a means to enhance contrast and balance of
the projected image.[2] High definition cameras have replaced traditional cameras, working
through a progressive scanning mechanism instead of an interlaced scanning manner. This re‐
fers to the way each frame is scanned by the camera, and results in an upgrade of 60 frames per
second being seen by the high definition cameras instead of 30 frames per second provided by
the older generation. The previously used interlaced scanning provided a significant amount of
flickering, which was compensated by image blurring.

Finally, as the image viewed is dependent on the resolution of the monitor, even the latter
has evolved dramatically. With the advent of high definition monitors, 16:9 aspect ratio has
replaced the traditional 4:3 aspect ratio provided by standard definition monitors, translat‐
ing in an increase in pixel density from 640x480 to 1929x1080.[2] What this means for the
surgeon is better color, contrast, resolution and peripheral visualization of the surgical field.

3. Endoscopic surgery versus open traditional approach

Sinus surgery traditionally was performed via open approaches, be it a Caldwell-Luc proce‐
dure for the maxillary sinus or an osteoplastic flap approach to the frontal sinus. With the
advent of the endoscopes, these traditional invasive extenterative methods have largely
been replaced by functional endoscopic sinus surgery. In this section, we examine the differ‐
ent sinuses and contrast these approaches.

3.1. Frontal sinus

The first report of frontal sinus surgery was by Rimge in 1750, where he used an external
approach to obliterate the sinus.[10] In 1884, Ogston and Luck described an anterior wall
perforation technique using a trephine to create a drainage pathway into the anterior eth‐
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moid cells.[10,11] Thereafter, in 1891, Kuhnt proposed anterior wall ablation.[11] Similarly,
in 1893, Jansen published his procedure where he removed the floor of the frontal sinus and
collapsed the anterior table against the posterior wall.[10] The latter procedure was elaborat‐
ed by Reidel-Schenke who promoted breaking down the anterior and inferior walls of the
sinus and collapsing the skin of the forehead against the posterior wall.

Traditional Approach New Approach

Frontal Sinus Osteoplastic flap Frontal Drillout

Maxillary Sinus Caldwell-Luc Endoscopic Antrostomy

Ethmoid Sinus External ethmoidectomy Endoscopic ethmoidectomy

Sphenoid Sinus Transantral approach Endoscopic sphenoidotomy

Table 1. Comparison of traditional and new approaches to the paranasal sinuses.

Later in that decade, Schonborn and Brieger performed frontal osteoplastic flaps. As one can
imagine, these were associated with poor cosmetic results. Thus, in the early 1900s, transor‐
bital approaches were attempted to access the frontal sinus. Knapp was a pioneer in this ac‐
cess way, performing one of the first external frontoethmoidectomies through the medial
orbital wall, resecting the frontal sinus floor and preserving the frontal duct. The latter was
made famous by Lynch in 1921.[10]

At that time, intranasal access was also attempted, but the poor visual field caused a large
amount of intracranial complications and deaths. It was thus abandoned for other ap‐
proaches until the emergence of endoscopes. In 1991, Draf published his experience with
transnasal frontoethmoidal surgery using a microscope.[12] He published variations on the
dissection of the frontal recess and floor, known today as the Draf 1, 2 or 3 procedures. With
his descriptions and the advent of the endoscope, the often disfiguring open approaches
were largely replaced by transnasal minimally invasive accesses. Today, angled telescopes
and angled instruments produce success rates equal to the traditional morbid procedures
with decreased morbidity.[12]

Along with better cosmesis, endoscopy is associated with decreased morbidity, preserva‐
tion of mucociliary drainage and decreased hospital  stay.[10] The disadvantages include
potential difficulties in managing complications such as severe bleeding and in achieving
margins  for  malignant  lesions.  Also,  large  lesions  affecting  the  fronto-ethmoidal  region
may need to be managed by an osteoplastic flap technique, lateral rhinotomy or anterior
direct approach.[11,13]

Open surgery has the advantage of a wide field of view, better management of complica‐
tions and an increased ease of obtaining adequate margins for malignant lesions. The disad‐
vantages are longer hospital stay, increased morbidity including possible injury to the
superior branches of the facial nerve. However, although endoscopic sinus surgery of the
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the development of precise instrumentation including sharp through-cutters and microde‐
briders that mimise trauma to adjacent healthy tissue.

2.2. Endoscopes of the 21ST century

Endoscopes today have offered sinus surgeons the ability to increase the potential applica‐
tions of endoscopic sinus surgery. There is a strong movement by manufacturers to improve
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ing in an increase in pixel density from 640x480 to 1929x1080.[2] What this means for the
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transnasal frontoethmoidal surgery using a microscope.[12] He published variations on the
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his descriptions and the advent of the endoscope, the often disfiguring open approaches
were largely replaced by transnasal minimally invasive accesses. Today, angled telescopes
and angled instruments produce success rates equal to the traditional morbid procedures
with decreased morbidity.[12]

Along with better cosmesis, endoscopy is associated with decreased morbidity, preserva‐
tion of mucociliary drainage and decreased hospital  stay.[10] The disadvantages include
potential difficulties in managing complications such as severe bleeding and in achieving
margins  for  malignant  lesions.  Also,  large  lesions  affecting  the  fronto-ethmoidal  region
may need to be managed by an osteoplastic flap technique, lateral rhinotomy or anterior
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tions and an increased ease of obtaining adequate margins for malignant lesions. The disad‐
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frontal sinus is often highly effective, certain select cases nevertheless still require open ap‐
proaches with osteoplasties.

3.2. Maxillary sinus

The first descriptions of open approaches to the maxillary sinus date back to the early 1700s.
Over a century later, in 1893, in the United States, Caldwell described an anterior approach
via an incision in the gingivobuccal sulcus coupled with an inferior antrostomy. This proce‐
dure was almost simultaneously popularized in Europe by Luc, and was later coined the
Caldwell-Luc procedure.[14] A century after that, Stammberger and then Kennedy intro‐
duced the middle meatus antrostomy in the 1980s.[15] At that time, inferior and middle
meatal antrostomies were being performed by different group of surgeons. When com‐
pared, middle meatal antrostomies demonstrate better resolution of symptoms and longer
patency rates.[14] The reason for this is believed to be the fact that the normal mucociliary
clearance patterns of the maxillary sinus tend to move secretions toward the natural ostium
in the midle meatus, and not toward the inferior meatal antrostomy.

With the emergence of endoscopes, especially angled telescopes to look within the maxillary
sinus, as well as the development of the coronal bone view on CT scans in 1987, the ap‐
proach to the maxillary sinus changed dramatically. A study performed by Penttila et al.
demonstrated that patients undergoing surgery for chronic maxillary sinusitis reported im‐
provement in 50.7% of the Caldwell-Luc group and in 76.7% of the endoscopic sinus surgery
group.[16] Also, higher complication rates have been described in patients undergoing the
Caldwell-Luc procedure.[17] These include pain, facial swelling and numbness, dental
numbness, persistent oroantral fistulas, wound dehiscence, dacrocystitis, tooth decay, per‐
sistent symptoms and bleeding.[15]

Although endoscopic surgery has largely replaced Caldwell-Luc procedures, there is still a
role for the latter in certain cases. Cutler et al. performed the procedure in 37 patients who
had failed endoscopic sinus surgery for refractory sinusitis and reported a 92% response
based on follow-up endoscopic examination or computed tomography scan imaging.[18]
Other possible indications include the removal of dentigerous cyst and benign tumors locat‐
ed within the maxillary sinus.

3.3. Ethmoid sinus

The management of ethmoid sinus disease has been the source of a lot of controversy in the
past. Many surgical methods for ethmoidectomies have been described, ranging from intra‐
nasal, transantral, external approaches employing a headlight, to endoscopic approaches.

In 1912, Mosher described intranasal extirpation of the ethmoid labyrinth.[19] He promoted
the complete resection of the middle turbinate along with the ethmoid sinuses, which was
debated by opposing surgeons, including Pratt. The latter preached the importance of the
middle turbinate as a landmark to reduce operative morbidity.

In 1929, Mosher and Smith, a well-known rhinologist, promoted a transition towards an ex‐
ternal approach as means to reduce complications.[19] At the same time, other surgeons
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promoted a transantral approach, originally described by Jansen in the 1800s. All these ap‐
proaches were being practiced without any consensus as to the optimal technique.

The transnasal approach, which was popularized by Mosher, consisted of progressive exent‐
eration of the ethmoid air calls in antero-posterior direction. As mentioned, certain surgeons
removed the middle turbinate as well. Along with the ethmoidectomy, the nasofrontal duct
was also unroofed. In this method, the procedure was performed through a nasal speculum
with a headlight. Magnification was provided by loupes or insertion of lenses onto the head‐
light. Certain surgeons, namely Dixon and Heermann, advocated the use of microscopes
during the transnasal approach to the ethmoids.[19] However, the high incidence of compli‐
cations and the availability of the transantral and external approaches, caused this method
to fall in popularity over the next few decades.[19]

These procedures have all been replaced by endoscopic sinus surgery. The latter permits
controlled removal of the diseased tissue and obstructing bony partitions in a stepwise fash‐
ion, with decreased complications. Ethmoidectomies are also commonly performed in con‐
junction with other procedures, thus a vast access with the endoscope is essential.

3.4. Sphenoid sinus

The history, indications and approaches to the sphenoid sinus will be discussed in details in
the skull base section. The open, microscopic approach versus the endoscopic approach to
sphenoid sinus surgery and access to the skull base will be contrasted.

4. Septoplasty

Apart from the sinuses, the nasal septum is also amenable to open or endoscopic surgery. In
1842, Langenbeck first described the entities of septal crests and spurs.[1] Thereafter, in the
early 1900s, Freer published about the removal of thickened portions of the septal cartilage.
He invented a number of instruments to perform this procedure. Simultaneously, Killian
further developed many of the techniques of septal surgery.[1]

Cottle first described septoplasty in 1947 to treat nasal obstruction.[20] It is only in 1991 that
the endoscopic technique to treat septal deformities was first popularized by Lanza et al.
and Stammberger.[21] Thereafter, Lanza described isolated septal spur surgery using endo‐
scopic access.[21,22]

Advantages over the open technique include targeted approach to the septal deformity, lim‐
ited mucosal flap dissection, superior magnification of the field and less physical distortion
as there is no need of a nasal speculum. Finally, it is a superior teaching tool as trainees can
visualize the surgery on a screen in real-time.[23] Furthermore, endoscopic visualization al‐
lows assessment of deformities in the nasal valve region and posterior septum.[21]

Proponents of endoscopic surgery advocate the minimally invasive aspect of this approach
as only the mucosa overlying the deviated segment is elevated through a Killian incision.
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promoted a transantral approach, originally described by Jansen in the 1800s. All these ap‐
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Cottle first described septoplasty in 1947 to treat nasal obstruction.[20] It is only in 1991 that
the endoscopic technique to treat septal deformities was first popularized by Lanza et al.
and Stammberger.[21] Thereafter, Lanza described isolated septal spur surgery using endo‐
scopic access.[21,22]

Advantages over the open technique include targeted approach to the septal deformity, lim‐
ited mucosal flap dissection, superior magnification of the field and less physical distortion
as there is no need of a nasal speculum. Finally, it is a superior teaching tool as trainees can
visualize the surgery on a screen in real-time.[23] Furthermore, endoscopic visualization al‐
lows assessment of deformities in the nasal valve region and posterior septum.[21]

Proponents of endoscopic surgery advocate the minimally invasive aspect of this approach
as only the mucosa overlying the deviated segment is elevated through a Killian incision.
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This may explain why authors have reported higher degrees of septal tears with the open
technique.[23] This is particularly useful in revision cases, where fibrosis adheres the septal
mucosa in areas previously operated. Other advantages of the endoscopic approach include
shorter operative time, decreased bleeding, decreased pain[24,25] and decreased synechiae
formation.[20]

Rotenberg’s group recently demonstrated that there was no difference in post-operative out‐
comes in terms of nasal obstruction between both groups,[23] in support of previous sur‐
geons’ findings.[25] However, other authors have stated significant differences in nasal
symptoms with endoscopic groups doing better in follow-up assessments.[20,24]

The endoscopic septoplasty has gained popularity in recent years. Nevertheless, certain cas‐
es still require an open approach. The relative contraindications to endoscopic septoplasty
are when the deformity involves a deflection of the caudal septal cartilage, and when exter‐
nal nasal deformities require a concomitant open rhinoplasty.[20,21]

5. Skull base

Through the years, the work of Messerklinger and other pioneers in nasal endoscopy helped
to develop functional endoscopic sinus surgery as a means to treat sinus disease from a me‐
chanical point of view. However, contemporary surgeons have expanded the limits to which
nasal endoscopy can treat disease. In fact, the areas of the skull base accessible and the types
of procedures amenable to this approach have revolutionized the field of rhinology.

Traditional methods required external skin incisions, translocation of the cranium or maxil‐
lofacial skeleton and retraction of the brain.[26] Endoscopic access is based on modular ana‐
tomical approaches in the sagittal planes, for anterior cranial fossa, pituitary, and transclival
posterior cranial fossa surgery; and coronal planes, for pterygopalatine fossa and infratem‐
poral fossa surgery.[27]

Endoscopic endonasal approaches have improved visualization and decreased collateral
trauma to the craniofacial tissues. They provide faster healing and recovery time, decreased
neurovascular injuries, complete oncologic resections and better endocrinologic outcomes.
Potential limitations of the endoscopic approach include location, extent and nature of the
disease and importantly surgeon expertise and available equipment, including image guid‐
ance.[26]

There are multiple approaches available to the skull base depending on the location of the
disease, namely the transcribriform, transsellar, transplanum [drilling the planumsphenoi‐
dale and the tuberculum sellae, transclival and the transodontoid approaches.[6] The latter
apply to sagittal plane. In terms of coronal plane, the skull base can be divided into medial
petrous apex, petroclival region, Meckel’s cave, cavernous sinus and infratemporal fossa.[6]

In this section, we explore endoscopic surgery as it relates to the pituitary gland, the anterior
cranial fossa, the clivus and the infratemporal fossa.
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Traditional Approach New Approach

Sella Open microscope Endoscopic transsphenoid

Anterior cranial fossa/

Suprasellar area

Craniofacial approach Endonasal endoscopic approach

Clivus Traditional clival approach Endoscopic transclival approach

Infratemporal fossa Transtemporal/Transmaxillary approach Endoscopic transmaxillary approach

Table 2. Comparison of traditional and new approaches to the skull base.

5.1. Pituitary surgery

Sir Victor Horsley performed the first transcranial pituitary operation in 1889.[5] It is only in
the next century that the first description of trans-sphenoidal approach to the sellar region
was made, dating back to 1907, performed by Schloffer.[4,5] Another prominent surgeon,
Cushing, performed this procedure for many years, using a sublabial approach, but aban‐
doned this approach in 1927 due to the high complication rate and difficult nature of the
surgery.

Simultaneously, Hirsch, an Otolaryngologist in Vienna, introduced the technique that is the
basis of today’s surgical practice. He made a submucosal resection of the nasal septum, then
opened the sphenoid sinus and resected the sphenoid septum. He then perforated the floor
of the sella and the dura.[5] After Cushing abandoned the transsphenoidal technique, it rap‐
idly lost popularity until Dott, a disciple of Cushing, created a lighted speculum as an aid
for trans-sphenoidal visualization.[6] In the 1960s, Guiot, a French surgeon and a disciple of
Dott, gave new life to this approach.[4] He was the first neurosurgeon to perform transsphe‐
noidal surgery.[6]

The use of the surgical microscope by Jules Hardy in 1967 was a major step in transsphenoi‐
dal surgery.[5] It allowed better illumination, provided magnification and stereoscopic visu‐
alization. His contribution credits him with developing the fundamental principles of
pituitary surgery upto this day.[5] In 1992, Jankowski published the first series on endoscop‐
ic pituitary surgery procedures.[7] Later, Jho standardized the procedure.[4] Thereafter,
Cappabianca and de Divitiis coined the term “functional endoscopic pituitary surgery” and
developed improved instrumentation.[6]

Endoscopic access is considered by many to be superior to traditional neurosurgical access.
[28] Currently, the technique involves posterior septectomy, followed by bilateral anterior
sphenoidotomies, sellar floor resection and dural incision. This provides improved field of
view around the tumor, as well as better magnification.[4] Some authors promote that tu‐
mor resection using the endoscope is superior to the microscope because of the improved
view resulting from the magnification, illumination and angled views that modern tele‐
scopes provide.[29,30] Moreover, Graham and colleagues demonstrated significant superior
rhinology-specific quality of life after the endoscopic approach.[29]
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Cushing, performed this procedure for many years, using a sublabial approach, but aban‐
doned this approach in 1927 due to the high complication rate and difficult nature of the
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Dott, gave new life to this approach.[4] He was the first neurosurgeon to perform transsphe‐
noidal surgery.[6]
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dal surgery.[5] It allowed better illumination, provided magnification and stereoscopic visu‐
alization. His contribution credits him with developing the fundamental principles of
pituitary surgery upto this day.[5] In 1992, Jankowski published the first series on endoscop‐
ic pituitary surgery procedures.[7] Later, Jho standardized the procedure.[4] Thereafter,
Cappabianca and de Divitiis coined the term “functional endoscopic pituitary surgery” and
developed improved instrumentation.[6]

Endoscopic access is considered by many to be superior to traditional neurosurgical access.
[28] Currently, the technique involves posterior septectomy, followed by bilateral anterior
sphenoidotomies, sellar floor resection and dural incision. This provides improved field of
view around the tumor, as well as better magnification.[4] Some authors promote that tu‐
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view resulting from the magnification, illumination and angled views that modern tele‐
scopes provide.[29,30] Moreover, Graham and colleagues demonstrated significant superior
rhinology-specific quality of life after the endoscopic approach.[29]

Endoscopy – An Advancement in Sinus and Skull Base Surgery
http://dx.doi.org/10.5772/52749

129



With the increasing popularity of trans-sphenoidal sellar surgery, the concept of approach‐
ing parasellar regions through this pathway gained massive enthusiasm. Weiss, in 1987, was
the first to publish about extending the transsphenoidal approach to access suprasellar le‐
sions.[5] Therefore, anterior cranial fossa lesions, for example craniopharyngiomas, can be
well managed through endoscopic routes.[31]

Compared to traditional approaches, transsphenoidal approaches for craniopharyngiomas
and Rathke’s cyst of the anterior cranial fossa demonstrate lower recurrence rate and de‐
creased complications.[4,32] Couldwell and colleagues published about 105 patients under‐
going extended transsphenoidal approaches to the cavernous sinus, suprasellar region and
clival region. They concluded this approach to be a safe alternative to cranial approaches.
[33] This approach has the advantage of less operative time, less brain manipulation and
thus, decreased infarction and decreased neurovascular risk.

Exclusive endoscopic transsphenoidal technique, without an accompanying microscope,
was described in the 1990s.[34] Jho and Carrau, considered the pioneers of the pure endo‐
scopic endonasal approach, published a series of patients in 1997.[5,34] An advantage of the
improved visualization with the endoscope over the microscope includes the decreased
need of fluoroscopy intraoperatively, as vital structures are more easily identified.

5.2. Anterior cranial fossa

Among the most recent advances in skull base surgery is the fully endoscopic approach for
lesions of the anterior cranial fossa. These include esthesioneuroblastomas, olfactory groove
meningiomas, and select sinonasal malignancies with extension to the skull base. Devaiah
and colleagues published a meta-analysis of articles with patients undergoing resection of
esthesioneuroblastomas.[35] They found that there was a significantly greater survival rate
for endoscopic resections versus open surgery. However, patients undergoing open resec‐
tions had higher tumor stage thus biasing results to a certain degree.[35] This, however, is
secondary to the mentality of a number of surgeons who believe that larger tumors should
be resected via an open approach. Komotar and colleagues similarly demonstrated better re‐
section of tumors in the endoscopic group.[36] They also demonstrated better results in
terms of post-operative CSF leaks and recurrence rates.

The concern of adequacy of piecemeal resections of neoplasms obtained via the endoscopic
approach has been a motivating factor for many surgeons to prefer an open approach for
certain tumors. However, Wellman and colleagues presented cases of malignancies of the
paranasal sinuses that either underwent en-bloc resection or piecemeal resection through an
anterior craniofacial approach.[37] They demonstrated less complication and improved sur‐
vival in the piecemeal group with an average follow-up of over four years. Thus, given the
recent experience of surgeons with these tumors, the current practice for esthesioneuroblas‐
toma is to obtain negative margins, regardless of which approach is utilized.[36,38]

Cushing was one of the first to report the resection of olfactory groove meningiomas
through a unilateral frontal craniotomy.[39] Thereafter, other approaches such as a wide bi‐
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frontal craniotomy, a pterional approach and more recently the endoscopic pathway have
been described.

The advantages of the open approaches, consisting of the bifrontal or unilateral frontal cra‐
niotomy, include wide exposure for large tumor resection. Other than the risk to neurovas‐
cular structures such as the optic nerves, the disadvantages are the need to retract the brain,
thus a potential for cerebral infarction[40] and brain edema resulting in brain herniation into
the craniotomy window. The latter may even sometimes necessitate a partial frontal lobecto‐
my.[39] Furthermore the open approach limits access to the sellar, suprasellar and retro‐
chiasmal regions.[40]

The pterional approach is a more recent approach that doesn’t require frontal sinus transec‐
tions and thus the risk of CSF leaks. However, it does not provide a good field of view due
to its narrow pathway and may require a lot of brain retraction.[39]

The endoscopic 2-surgeon technique has replaced the open approach to anterior cranial fos‐
sa meningiomas in certain cases. In their review, Komotar and colleagues found that menin‐
giomas were the most challenging in terms of isolated endoscopic approach, thus
demonstrating a need for more research and technical innovation. Wormald’s group pub‐
lished a large series on endoscopic resections of anterior cranial fossa meningiomas.[40]
They demonstrated complete resections in over 90% of cases. Other then the obvious cos‐
metic benefit of the endoscopic approach, another advantage is the avoidance of brain re‐
traction. Furthermore, this access allows the surgeon to identify the dural attachment of the
meningioma early in the procedure and thus minimise bleeding.[40] Another major benefit
is that the main site of recurrence, namely the anterior cranial fossa bone floor, is adequately
resected in order to visualize the mass.[39] It is known that recurrence of these tumors is
thought to be prevented by proper resection of surrounding bone and dura, which is more
easily performed by endoscopic access. Also, similarly to other skull base resections, the an‐
gled endoscopes allow superior visualization of the tumor and the surrounding vital struc‐
tures.

In terms of CSF leak post-endoscopic resections, Wormald’s group demonstrated a decrease
in incidence with use of the vascularized pedicled septal flap.[40] Cases where the endo‐
scopic approach may not be suitable include those with major optic canal extension or en‐
casement of the internal carotid or anterior communicating arteries.[40]

5.3. Clivus

Traditionally, clival lesions were treated through an anterior approach, necessitating large
facial incisions and significant brain retraction. In fact, clivus region lesions often necessitat‐
ed extensive dissections such as transfacial maxillotomy, lateral transcranial skull base ap‐
proaches, transoral approaches and petrosal approaches.[41,42] However, despite these
wide facelifts, the view of this region was still limited.

The use of endonasal microscopic transsphenoidal approach has also been described.[43]
However, the narrow field of view doesn’t expose the petrous apex, optic canal, parasellar
region, lower clivus, and ventral craniocervical junction adequately.[44] Furthermore, the

Endoscopy – An Advancement in Sinus and Skull Base Surgery
http://dx.doi.org/10.5772/52749

131



With the increasing popularity of trans-sphenoidal sellar surgery, the concept of approach‐
ing parasellar regions through this pathway gained massive enthusiasm. Weiss, in 1987, was
the first to publish about extending the transsphenoidal approach to access suprasellar le‐
sions.[5] Therefore, anterior cranial fossa lesions, for example craniopharyngiomas, can be
well managed through endoscopic routes.[31]

Compared to traditional approaches, transsphenoidal approaches for craniopharyngiomas
and Rathke’s cyst of the anterior cranial fossa demonstrate lower recurrence rate and de‐
creased complications.[4,32] Couldwell and colleagues published about 105 patients under‐
going extended transsphenoidal approaches to the cavernous sinus, suprasellar region and
clival region. They concluded this approach to be a safe alternative to cranial approaches.
[33] This approach has the advantage of less operative time, less brain manipulation and
thus, decreased infarction and decreased neurovascular risk.

Exclusive endoscopic transsphenoidal technique, without an accompanying microscope,
was described in the 1990s.[34] Jho and Carrau, considered the pioneers of the pure endo‐
scopic endonasal approach, published a series of patients in 1997.[5,34] An advantage of the
improved visualization with the endoscope over the microscope includes the decreased
need of fluoroscopy intraoperatively, as vital structures are more easily identified.

5.2. Anterior cranial fossa

Among the most recent advances in skull base surgery is the fully endoscopic approach for
lesions of the anterior cranial fossa. These include esthesioneuroblastomas, olfactory groove
meningiomas, and select sinonasal malignancies with extension to the skull base. Devaiah
and colleagues published a meta-analysis of articles with patients undergoing resection of
esthesioneuroblastomas.[35] They found that there was a significantly greater survival rate
for endoscopic resections versus open surgery. However, patients undergoing open resec‐
tions had higher tumor stage thus biasing results to a certain degree.[35] This, however, is
secondary to the mentality of a number of surgeons who believe that larger tumors should
be resected via an open approach. Komotar and colleagues similarly demonstrated better re‐
section of tumors in the endoscopic group.[36] They also demonstrated better results in
terms of post-operative CSF leaks and recurrence rates.

The concern of adequacy of piecemeal resections of neoplasms obtained via the endoscopic
approach has been a motivating factor for many surgeons to prefer an open approach for
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traction. Furthermore, this access allows the surgeon to identify the dural attachment of the
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thought to be prevented by proper resection of surrounding bone and dura, which is more
easily performed by endoscopic access. Also, similarly to other skull base resections, the an‐
gled endoscopes allow superior visualization of the tumor and the surrounding vital struc‐
tures.

In terms of CSF leak post-endoscopic resections, Wormald’s group demonstrated a decrease
in incidence with use of the vascularized pedicled septal flap.[40] Cases where the endo‐
scopic approach may not be suitable include those with major optic canal extension or en‐
casement of the internal carotid or anterior communicating arteries.[40]

5.3. Clivus

Traditionally, clival lesions were treated through an anterior approach, necessitating large
facial incisions and significant brain retraction. In fact, clivus region lesions often necessitat‐
ed extensive dissections such as transfacial maxillotomy, lateral transcranial skull base ap‐
proaches, transoral approaches and petrosal approaches.[41,42] However, despite these
wide facelifts, the view of this region was still limited.

The use of endonasal microscopic transsphenoidal approach has also been described.[43]
However, the narrow field of view doesn’t expose the petrous apex, optic canal, parasellar
region, lower clivus, and ventral craniocervical junction adequately.[44] Furthermore, the
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close proximity of vital structures such as the carotid arteries, the basilar arteries, the brain‐
stem and the cavernous sinuses make resection even more difficult and dangerous.

Despite the obvious cosmetic complications of these open approaches, there was also signifi‐
cant risk of neurovascular injury, cerebral infarction, carotid artery and optic nerve injury.
[44] Furthermore, the transoral approach involved splitting the palate, with the potential for
velopharyngeal insufficiency.

Considering the above, endoscopic techniques were tried with improved illumination, mag‐
nification, as well as wider field of view which are essential in the narrow space of work.
The first report of endoscopic transsphenoidal approach for resection of a large chordoma
was published in 1996 by Jho.[8] Thereafter, this technique has been reported by several sur‐
geons for the clivus.[42,45]

Another advantage of the endoscopic technique relates to the theory of surgical seeding of
chordoma tumor cells during dissection. Thus, it is not surprising that traditional methods
with extensive tissue dissection have conferred a high recurrence rate.[44] In order to avoid
the latter, dissection should be limited to the shortest distance possible. This is provided
through a transnasal route, as the floor of the nasal cavity is at the level of the inferior bor‐
der of the clivus.[42] Finally, some may feel that the endonasal route may lead to increased
intracranial infections. However, authors have shown that the incidence of meningitis did
not increase after endonasal approach with antibiotics.[46]

The experience of our institution with endoscopic endonasal approaches to this region has
been quite positive. This has been echoed by other authors who have demonstrated that re‐
gions such as the clivus[27] and petrous apex[27,47] are well accessible endoscopically.
However, in our experience, certain cases may require a combined approach with a craniot‐
omy, such as tumors with a large intradural component. Thus, careful pre-operative plan‐
ning with imaging is essential in these cases with the two key components of decision
making being safety and adequate resection of the tumor.

5.4. Infratemporal fossa

Authors  have  described the  Caldwell-Luc  procedure[48],  a  trans-facial  access[49,50]  and
trans-oral approach[51] to access the infratemporal fossa abscesses. For tumors of this re‐
gion,  peri-auricular,  transtemporal  and  transmaxillary  approaches  have  been  described.
[52,53]  However,  these approaches are associated with significant  complications such as
facial nerve dysfunction, facial deformities, conductive hearing loss and dental malocclu‐
sion.[54]

With the rising use of endonasal approaches to the skull base, many surgeons have start‐
ed to perform adequate resections of ITF tumors through the nasal cavity. There are mul‐
tiple  variations  described  to  achieve  access  to  the  ITF  such  as  the  transseptal
approach[54],  the use of Denker’s approach and different degrees of turbinate resection.
[55] The indications for endoscopic approach to the ITF are evolving,  however there no
established contraindications.
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At our institution, our method consists of performing a medial maxillectomy with a tailored
resection of the nasal turbinates. We also prefer the 2-surgeon transseptal technique for tu‐
mor resection, achieved using a contralateral Killian incision and an ipsilateral horizontal
mucosal incision after removal of a window of cartilage. The transseptal technique was rein‐
forced by Robinson et al. who described that a key aspect of endoscopic removal of disease
in the ITF is the ability of a second surgeon to apply traction to the tumor.[54]

6. Future

During the past three decades, the world has witnessed an immense evolution in rhinologi‐
cal practice. However, there is a lot more developments that are being trialed even today. In
fact, there are multiple researchers and surgeons attempting to innovate the field of rhinolo‐
gy through various new tools and procedures. In this section, we focus on 3-dimensional en‐
doscopes and robotics.

Similar to our colleagues in urology and head and neck oncology, rhinologists have attempt‐
ed to use new tools to ameliorate our approach to the skull base. Many innovators have at‐
tempted to develop adequate three-dimensional endoscopic technology but no
commercially-viable technology has been created. Attempted techniques include two chan‐
nel endoscopes, image splitters and electronically generated three-dimensional displays.[3]
Amongst other issues, difficulties with camera orientation and surgeon annoyance and fati‐
gue have challenged the adoption of 3-dimensional endoscopes.

Another growing field of endonasal surgery is robotics. The latter confers proper three-di‐
mensional visualization and increased ability to accomplish two-handed surgery through
small openings.[4,56] Some authors have published feasibility studies using robotic surgery
to access the skull base. O’Malley et al. used transoral combined with a transcervical ap‐
proach with robotic surgery to access infratemporal fossa.[57] Similarly, Hanna et al. em‐
ployed robotic surgery using Caldwell-Luc antrostomies with maxillary antrostomies to
access the midline skull base.[58] However, application of robotic surgery in rhinology is
still at the animal model stage. It will require technical and feasibility assessments prior to
its incorporation in patient care.

7. Conclusion

Endoscopic sinus and skull base surgery has an extensive evolutionary history. It is evident
that we have come a long way from the traditional treatment modalities of sinus disease,
thanks to pioneers in the field of rhinology. Endoscopic surgeons today are enthusiastic
about the innovations that are being employed to our current endoscopic armentarium. At
this rate of evolution, it is imaginable that in a few short decades, our current endoscopic
techniques will be historical.
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Chapter 9

Endoscopy of Larynx and Trachea with Rigid Laryngo-
Tracheoscopes Under Superimposed High-Frequency Jet
Ventilation (SHFJV)

Alexander Aloy and Matthaeus Grasl

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52996

1. Introduction

1.1. History (an overview)

1.1.1. Indirect laryngoscopy

Knowing that almost all laryngeal and tracheal diseases are visible at the surface of the mucous
membranes it is of particular interest to visualize these structures.

Endoscopic examinations of the larynx and the trachea are essential in the otorhinolaryngo‐
logical field and had their beginning over 200 years ago. Before the 1800`s only autopsy
specimen could clarify laryngotracheal diseases.

In 1807 the physian Phillip Bozzini (Germany) reported about a speculum called “the light
conductor, or a simple apparatus for the illumination of the internal cavities and spaces in the
living animal body” [1].

In 1816 Ludwig Mende (Germany), a gynaecologist & obstetrician and forensic doctor
examined first the inner part of the larynx at a living human being. He looked at a larynx of a
suicidal person, who had cut through the soft tissue of the supraglottic area [2].

In 1827 L. Senn (Switzerland) successfully examined the larynx of a child with a small mirrow,
cited in [3].

In 1829 Benjamin Guy Babington (Great Britain) developed a larynx-mirrow “glottoscope” and
could illuminate the upper parts of the larynx. The instrument combined an epiglottic retractor
with a laryngeal mirror. He presented it in the Hunterian Society of London [4].

© 2013 Aloy and Grasl; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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In 1854 the Spanish singer, voice teacher and scientist Manuel García, living in London,
succeeded in performing the auto-laryngoscopy. He first visualized his own larynx, using a
dental mirror and a second hand-held mirror to reflect sunlight. Garcia tranfered the method
to patients (Figure 1) and could analyse directly the phonation. He presented his invention to
the Royal Society in 1855 [5]. The importance of this technique was unrealised first. But in 1862
he was granted an honour of medical degree followed by many international distinctions.

Figure 1. Manuele Garcia`s laryngoscopy.

In 1857 Ludwig Türk, a neurologist and professor of laryngology in Vienna (Austria), unsuc‐
cessfully tried Garcia`s mirror under the use of the ophthalmoscope [6] which was invented
by Hermann v. Helmholtz (Germany), a physiologist and physicist in 1851[7].

Johann Nepomuk Czermak, professor of physiology at the University of Pest (Hungary)
assumed Türk`s mirror, completed this procedure using light-concentration by a concave head
mirror (Figure 2), and presented it 1858 the Viennese medical community [8].

Figure 2. Johann Nepomuk Czermak performing the indirect laryngoscopy using natural lighting.

This method propagated rapidly and is still in use, but with electric light source.

Endoscopy142

In 1878 Max Joseph Oertel (Germany) describes his invention: the laryngo-stroboscopy via a
perforated disc. But the feasibility of this apparatus was not implemented until 1895 when the
eletricity has been installed [9].

Important milestones for the investigation and treatment of laryngeal diseases were the
beginnings of the anaesthesia 1846 using ether by William Morton (USA) [10] and the intro‐
duction of antisepsis by Joseph Lister (Scotland) who performed first 1867 surgery under
antiseptic conditions [11]. A fundamental progress was the introduction of the cocain as an
anaesthetic and analgetic agent in 1884 by the laryngologist Edmund Jelinek (Austria) [12].

1.1.2. Direct laryngoscopy

The direct inspection of the larynx is essential in cases of endotracheal intubation and can be
performed by spatulate instruments like the straight Miller-spaculate (Robert A. Miller 1941,
USA), especiallly for children [13] or the slightly arcuated Macintosh-spatulate (Robert R.
Macintosh, 1943, Great Britain) [14].

But this is not the topic of this historical overview.

The real interest consists in tube-shaped instruments with lighting for direct inspection of the
larynx, which is only practicable under anaesthesia or deep sedation.

The first laryngologist who directly vizualized the larynx using a tongue depressor and a
mirror for illumination was Albert von Tobold (Germany) in 1864. He removed with this
method laryngeal papilloma [15].

In 1895 the laryngologist Alfred Kirstein (Germany) first described direct inspection of the
vocal cords. He had modified an oesophagoscope for this purpose and called this device an
autoscope (electroscope) [16].

In 1897 Gustav Killian a laryngologist (Germany) removed at first with success via a rigid
bronchoscope a bronchial foreign body. It was a piece of bone in the right main bronchus
[17]. This practical invention was affiliated in professional circles with enthusiasm because the
dramatical death rate of 50 percent in case of tracheobronchial foreign bodies could be
minimized continuously. This technique persisted for almost 70 years as the standard diag‐
nosis and therapeutic procedure for bronchopulmonar diseases.

In 1910 Gustav Killian constructed a special laryngoscope, not a tube but a spatula, with a
mouth gag (hypopharynx was clear visible) that could be fixed to a supporting construction
by a hook, the „suspension-laryngoscopy” (Figure 3). The inspection of the larynx was easier
by the hanging position of the head and laryngotracheal surgery could be done with both
hands [18].

Wilhelm Brünings 1910 [19] and Arthur Hartmann 1911 [20] (both Germany) improved
Kirsteins electroscope with proximal electric lighting at the handgrip.

Paul H. Holinger 1947 (USA) created a laryngoscope using an U-shaped handgrip and had a
better view to the anterior commissure [21].
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1961 Oskar Kleinsasser (Germany) published [22] his development of a new instrument for
magnified endolaryngeal observation and photography. He used a chest holder. A combina‐
tion of a wide-angle telescope and a telephoto lens guaranteed excellent depth of field for still
and motion fotography.

In 1970 Geza J. Jako (USA) refered about his development of a laryngosope, a modified
Holinger-Yankauer tube with an ellipsoidal proximal and a round distal aperture. It is made
of stainless stell with the inside surface matt to decrease glare. On each side of the instrument
there is a built-in tube for the insertion of fiberoptic light pipes. The laryngoscope with a special
holder is suspended on an instrument table over the patient`s chest and was developed for
laser surgery in the larynx [23].

1970 M. Stuart Strong (USA) coupled the carbon dioxide laser to the surgical microscope. The
laser provides precise cutting and also haemostasis of small vessels and is manipulated with
a joystick and a foot-pedal [24].

In 1979 Hilko Weerda et al. (Germany) designed an expandable laryngoscope which derived
from the Kleinsasser-tube and the Killian-Lynch-suspension laryngoscope consisting of an
upper and lower blade. Their distance and angle of twist are variable [25].

The rigid laryngotracheal endoscopy made a qualitative leap with the introduction of the
Hopkins-fibreglass-optics with their unachievable splendour and precision with endoscopic
resolutions which allow a hundredfold magnification when used additionally. Prof. Harald H
Hopkins (Great Britain) developed it the 1960 th with Karl Storz Ltd. Company with limited
liability (Germanny) [26].

1.1.3. Jet ventilation

First attempts to sustain the pulmonary gas exchange without periodical alterations of gas
volumes were done by Franz Volhard in an animal experiment with dogs in 1908 [27]. He

Figure 3. Gustav Killian performing a supension laryngoscopy. The patient`s head is suspended by attaching the lar‐
yngoscope to the “gallows”.
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performed an “artificial respiration” by leading in oxygen with a very low flow via a trans‐
laryngeal tracheal tube which did not fill out the diameter of the trachea.

This method indeed enabled sufficient oxygenation but hypercapnia occurred rapidly.

In 1909 Samuel J. Meltzer et al. (USA) enhanced Volhard`s method by applicating the oxygen
with high velocity and named it “diffusion respiration”. With this high insufflation flow
partially elimination of carbon dioxide was practicable.

Clinical application was implemented at first in 1954 by Lothar Barth (Germany) and was used
for bronchoscopies and for bridging short apnoea phases over a period of lung resections [29].
Because of insufficient elimination of carbon dioxide it could be applied only 15 -20 minutes.
Therefore a broad distribution did not take place.

In 1967 R. Douglas Sanders developed a method enabling a continuously ventilation during
bronchoscopy [30]. Two cannulas are placed into the endoscope and 15 to 20 breathing gas
portions are applicated periodically during the inspiration phase. Because of the injector effects
the primarily very small-sized tidal volumes receive an enhancement. The Venturi effect
additionally entrains air through the open proximal end of the endoscope and both result in
a sufficient pressure and flow at the end of the endoscope for inflating the lungs. Subsequently
gas exchange occurs compareable to conventional breaths (Figure 4). This method simplified
general anaesthesia for bronchoscopy and is still in use in surgery of the thorax, published by
E. Gebert et al. [31] and Shaotsu Thomas Lee [32].

Figure 4. The injector apparatus of R. Douglas Sanders.

In 1971 Jane L. Bradley et al. (Great Britain) described improvements of Sanders` pulmonary
ventilation for bronchoscopy. She fixed the proximal injector needle at the bronchoscope and
the distal needle became an integral part of the bronchoscope, oxygen feeding was assured
and interruption of the oxygen flow was regulated electronically [33].

In 1972 Paul Peter Lunkenheimer et al. succeeded a further advancement by oscillating the gas
mixture, which was insufflated into the airways. A membrane vibration generator placed at
the proximal end of the bronchoscope enabled it. Such oscillations of the breathing gas with
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frequences from 1200 to 6000 per minute led in a satisfactory manner to a gas exchange with
widely minimisation of intrathoracic pressure fluctuations [34]. An additional integrated
carbon dioxide absorber increased elimination of carbon doxide [35].

In 1980 Demond J. Bohn et al. published at first a successfully ventilation with this technique
in an animal experiment [36]. With a piston pump sinuoidal vibrations with a frequency from
900 to 1500 per minute were tranfered to the breathing gas, elimination of the carbon dioxide
is carried out by a cross-flow of fresh mixture. At this way of high frequency oxygenation a
superposition of spontaneous breathing is not feasible.

In 1977 and 1980 Ulf H. Sjöstrand (Sweden) published about his invention of high-frequency
positive pressure ventilation. He modified a conventional lung ventilator by the application
of special valve configuration and could reduce the compressible gas volume. Tidal volumes
from 200 to 300 ml with a frequency of 60 to 80 per minute were applicable [37, 38].

Miroslav M. Klain et al. (USA) developed 1976 the high-frequency ventilation. A high pressure
jet is conditioned into small-sized single gas quantities by an assessable valve and then
applicated via a catheter with a low inner diameter. The breathing gas quantities leave the
catheter as a clocked high frequency jet. This jet activates a suction mechanism (entrainment)
and the tidal volume is augmented. In a frequency range of 100 to 200 per minute a sufficient
gas exchange can be perpetuated in a completely open system towards the atmosphere [39-41].

This high frequency jet ventilation is the initial point of all following developments.

In particular Alexander Aloy and colleagues are engaged practically and scientifically since
1990 over more than twenty years in this field of ventilation [42].

His and contemporarely applicatioins and publications are presented in the next following
parts of this chapter.

2. Microlaryngoscopy and endolaryngeal microsurgery

Direct laryngoscopy via the transoral route allows the immediate entry to the inner laryngeal
and tracheal structures and has now an extreme importance for the special field of laryngo‐
logical diagnoses and surgical treatments in the otorhinolaryngologic discipline.

A laryngoscope holder is adhered to the chest selfholding by a mount as a supension similar
to a gallow.

The binoccular vision and bi-manual manipualtion via the forward spaced microscopy
facilitates detailed diagnoses and treatment at the vocal cords and circumjacent areas [43-45].

2.1. Indications

Microlaryngocopy is particulary helpful in the need of diagnosis and treatment of the vocal
chords or surrounding areas, which are first seen by indirect laryngoscopy. The microlar‐
yngoscopy for staging and excision biopsy of tumours is part of a panendoscopy of the upper
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aerodigestive tract. Absolute indications are the strong suspicion of precancerous or cancerous
epithelial diseaes as well as constringent processes. But also benign lesions like polyps, cysts
and oedemas have to be operated soon, because it is often found that the opposite vocal chord
reacts with a dent, oedema or epithelial thickening. These secondary alterations prolongate
healing. Inflammatory epithelial reactions are to be treated with inhalations before in few hard
going cases operation is done. Rigid laryngoscopy is a domain for the elimination of foreign
bodies in larynx and trachea as well as the surgical treatment of laryngeal or glottic webs.
Laryngotracheal injuries and the placement respectively the removal of laryngotracheal
endoprosthesis, medialization of vocal chords after palsy of an inferior laryngeal nerve by
relining and surgical widening of the glottis are further areas of application of laryngotra‐
cheoscopy.

2.2. Contraindications

Special endangering of patients life by anaesthesia when medical conditions such as apoplectic
stroke, heart infarction, aneurysm, severe cardiadic arrhythmias, aggravated pulmonary, liver
and renal diseases are contraindication for general anaesthesia and consecutively for micro‐
laryngoscopy. Unfrequent contraindications are severe malformations of the jaws, cervical
spine diseases like Morbus Bechterew and local spasticity [43].

2.3. Description of the instruments

The design of the instrumental equipment represents the association of the representational
problems and their solution. The present instrumentation indicates the requirement on
average in the German-speaking language room and is to be adapted individually for partic‐
ular purposes:

2.3.1. Laryngoscope

The mostly used laryngoscope tube at our institution, the Deaprtment of Ototrhinolaryngol‐
gy of the Medical Universitiy, is that of Kleinsasser with a length of of 80 to 200 mm and a distal
diameter of 8 -16 mm (Figure 5). The medium-sized closed coverage type for adults is used
predominantly in the endolarynx. An overlong small-bore universal applicable laryngoscope
is used in children and adults with difficult adjustabel areas of the endolarynx - especially the
anterior commissure, the interary and subglottic region. The proximal end of the tube is
differently shaped in dependency to the size for adults and children. The side of the tubes turned
to the teeth is flat for spreading the pressure to the teeth as uniform as possible. At both sides of
the proximal end mounting parts are placed to fix the cold light rod eighter at the left or right
side [43].

The spatulated laryngosope of Weerda et al. [46] has an upper and lower blade which is
inserted in a closed position and once inside the larynx the distance and angle of twist of the
blades is variable. This instrument has adapters for suction and jet stream ventilation and is
suitable in particular for the root of the tongue, the vallecula, supraglottis and hypopharynx.
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When laser is used the tubes and spatulas are adapted according to the needs. The inner surface
coating should be non-reflecting, opal or black. On the lateral outside cannulas for suction of
smoke are mounted.

2.3.2. Laryngoscope holder

The laryngoscope holder is eighter placed on patient`s chest with a broad rubber ring or it is
put on a robust instrument table [43, 47] respectively a holding bow [48] just over his chest to
avoid pressure on the anaesthetized chest and to minimize movement of the instrument.

2.3.3. Example for a configuration of a microscope combining modern vizualisation technologies with
a user friendly platform

1. Light source:

• 2 x 300 W xenon,

• automatic iris control for adjusting the illumunation to the field of view,

• individual light treshhold setting,

• focus light link: working distance controlled light intensity,

• display of remaining lamp life time.

2. Microscope:

• free to move at a tripod or as a ceiling mounted,

• motorized focus,

• working distance 200-500 mm,

• motorized zoom 1:6 zoom ratio,

• 10 x magnetic widefield eyepieces with integrated eyecups,

Figure 5. The Kleinsasser laryngoscope already adapted for jet ventilation (see also part 3 of this chapter).
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• autofocus with 2 visible laser dots - automatic mode with magnetic brakes,

• binocular observer ocular,

• multifunctional programmable handgrips,

• magnetic clutches for all system axes,

• central user interface,

• XY robotic movement in 3 axes (variable speed),

• system setup: autobalance,

• navigation interface,

• interface for micromanipulator,

• intraoperative fluorescence,

• laseradapter.

3. Video, fotography, Television for decumentation and teaching:

• HD video touchscreen on extended arm,

• integrated video still image capturing on HDD and USB-media,

• integrated HD video camera,

• integrated SD or HD video recording and editing,

• adapatation of consumer (SLR) photo/video camera,

• video-in for external SD video sources,

• patients data transfer from/to PACS.

2.3.4 Instruments

Instruments are small at the tip, thin, long (25 cm) and flexible.

All instruments should be manipulated freehanded, which is easily trainable and backing of
the arms becomes dispensable. The set of microsurgical instruments should be kept in a basic
amount. It includes double-spoon forceps, scissors: straight, laterally and upwards arcuated,
acutenaculum, sickle and peeling knifes, suction tubes and coagulation probes.

Instruments for laser microlaryngological surgery are of nonreflecting surface. Protectors are
neccessary for the subglottic area when tubeless ventilation is applicated. Additional when the
vocal chords are treated the false cords and also the contralateral intact side is to be moved
sidewards.

2.4. Beginning and protection activities

The often “poor risk” patients need preoperatively a careful investigation and treatment to
make them capable for anaesthesia. Dental record is essential before insertion of the laryngo‐
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scope. When indicated patients have to go for remediation preoperatively. Dental impression
trays equally spread the pressure of the laryngoscope at the teeth of the upper jaw and can
bridge a dental gap.

Patients lie in dorsal position on the operating table and the correct posture of the head is the
dorsal flection in flat bedding. Using adequate laryngoscope types it enables even in patients
with a thick and short neck to adjust the larynx. If there are anamnestic indications concerning
pathologies at the cervicale spin an orthopaedic specialist has to decide if the head position
during laryngoscopy will be tolerated well.

In case of laser application all persons in the operating room have to wear special glasses. When
CO2 laser is in use eyeglass lenses are sufficient. Patients face and eyes are to be protected by
a humid green woven fabric. The doors to the operating room where laser is used must be
signalized.

2.5. Anaesthesia and ventilation during micro laryngotracheoscopy (basic considerations)

Please see the next part of this chapter.

2.6. Insertion of the laryngoscope

First of all a teeth protector for the lower and upper jaw is placed in position. The insertion of
the laryngoscope should be performed not until the patient is full relaxed and in sufficient
depth of narcosis. The laryngoscope should be as large as possible enabling best lighting and
overview of the larynx. In cases of preexisting laryngotracheal intubation the ventilation tube
is moved by two fingers to the left side and the laryngoscope is inserted from the right side
under the illumination of a cold light which is piped inside of the tube to the distal end. The
tongue should not be pinched between the teeth and the laryngoscope at the same time. The
epiglottis is loaded up by the laryngoscope. If the laryngeal skeleton is to be pressed from
outside to inward in cases of the need to expose the anterior commissure the laryngoscope
should be inserted only into the area of the false cords. In cases of a small, weak or U-shaped
epiglottis it can happen that the epiglottis is enrolled and the suprahyoidal part is folded and
compressed when the laryngoscope is inserted. Consecutively inspection of the anterior
commissure is hindered and a postoperative oedema can occur. Solving of this problem is to
clamp the epiglottis when inserting the laryngoscope. The laryngoscope is positioned few
millimeters above the anterior commissure. The dorsal lying ventilation tube can be used as a
guidance till the exposition of the false and vocal chords.

Next is to underpin the laryngoscope at the mobile laryngoscopy-table and to move it slowly
upwards.  When  a  distending  laryngoscope  is  inserted  at  maximum  aperture  laterally
between the spatulas parts of the tongue can be pinched and it protrudes into the lumen
of  the  laryngoscope.  This  can  be  prevented  by  covering  the  closed  distending-laryngo‐
scope with a finger of a medical glove which is forming a lateral wall when the laryngo‐
scope is opened [49].
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2.7. Inspection of the larynx and the circumjacent areas

At the begin of the introduction of the laryngocope the structures are inspected by looking
with  the  naked  eyes  using  the  lighting  inside  the  laryngoscope:  base  of  the  tongue,
valleculae, epiglottis: lingual and laryngeal surface area and free margin, aryepiglottic fold,
pharyngoepiglottic  fold,  the  processus  vocalis  and  tubercula  cuneiformia  respectively
corniculata, the arytaenoid cartilage, the sinus piriformis bilateral, the posterior hypophar‐
yngeal wall and postcricoid area. After fixation of the laryngoscope under the use of the
microscope  the  false  and  vocal  chord,  the  sinus  Morgagni,  the  anterior  and  posterior
commissure as well as the subglottic space and the upper parts of the trachea are to be
seen under a magnification of up to 40.

2.8. Microlaryngoscopic diagnoses and surgical therapies

(most frequent clinical symptom is hoarseness)

2.8.1. Tumours

Diagnosis and therapy of precancerous lesions and carcinomas of the larynx, especially the
vocal chords are still a central domain of laryngoscopy. Any unclear or suspicious epithelial
alteration is to be exstirpated and examined by histology. As followup exam after radiotherapy
microlaryngoscopy is qualified in particular.

2.8.1.1. Precancerous lesions

Chronic hyperplastic laryngitis is an epithelial thickening of laryngeal mucous membrane affecting
both vocal chords with a spread over their complete length. In this dermatoid epithelium often
leukoplakia lies as milky area, slightly opacity of the surface or as verrucous, thick, white coating.
A second group of cornification of the epithelium is the circumscript keratosis which is located
nearly only at one vocal chord. The surface can be plain, tubercular, verrucous or papillary with
all transitions. Histological differentiation of the keratosisis is for all benign types is grade I,
when few atypic cells are seen grade II and when a carcinoma in situ is diagnosed grade III. A
carcinoma in situ becomes in a high rate an apparent carcinoma and is to be treated as such a
malignant tumour. The human papilloma virus induced solitary hyperceratotic “adult”papillo‐
ma has a high rate of recurrence after surgery and is to be distinguished from the “juvenile”
papilloma which also occurs in adults but never turns to a malignization. Precancerous lesions
are always movable over the muscle of the vocal chord without problems.

2.8.1.2. Squamous scell carcinomas

Carcimomas in situ and apparent carcinomas primarily originate bilateral from an enlarged
area and are named wallpaper carcimomas respectively superficial spreading carcinomas.
Additionally, not infrequently, multiple focuses of seperated carcinomas confluence later.
Difficult relocatability, solid or swallen areas and superficial exulceration are important signs
of deeper invasion. A relatively rare shape of growth is excessive polypus/exophytic like.
Because of tumour infiltration the blood supply suffers and necroses occur. To identify the
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superficial spread of the tumours it is additonally necessary to investigate the infraglottic area
as well as the ventriculus Morgangni and the false chord via a 30 ˚ and 70˚ rigid fiberoptics.

A huge advantage of endolaryngeal microsurgery is the possibility to get biopsies from all
locations without contusion. In cases of palliative tumour size reduction (“debulking”)
laryngeal tumour masses can easily be reduced to avoid a tracheotomy. Small-sized tumours
can be removed in one piece as an “excision biopsy”.

Clear guidelines applied for endoscopic resections of carcinomas include the selective und
reluctant production of the indication by a laryngologist experienced in microlaryngologic
diagnosis and surgery. Resection is only permitted when the complete tumour circumference
over his borders is easily visible with the microscope. Otherwise an external approach is to be
chosen allowing simultaneously reconstruction of the glottis. The careful histological investi‐
gation is a condition precedent in cases of microlaryngeal resection. When resection was not
in healthy tissue an immediate revision surgery is necessary [43].

Laser surgery in the larynx demands special safety precautions, instruments, anaesthesiolog‐
ical procedures, experiences of the mircosurgeon and knowlegde of histopathological ap‐
praisal. Because bleeding is the most common complication of laser surgery of tumours of the
upper aerodigestve tract every clinic performing this surgery should have a clear concept of
managing it. When these conditions are respected even enlarged function receiving and organ
saving operations in the larynx and hypopharynx with good oncological results are quite
practicable [49].

2.8.2. Benign lesions

Polyps are only seen at the vocal chords predominantly at one side inserting at the anterior two
third at the slope of the vocal chord. They have a diameter on average of 5 mm, bigger one`s
are floating in the glottic area. Petiolated pendolous polyps sustain longer, broad based polyps
are juvenile and have a thin transparent epithelium (Figure 6). Polyps never degenerate into
a carcinoma. If a polyp persists a longer period at the contralaeral side contact reaction in shape
of excavation, epithelial thickening or oedematous swelling occurs. This is not to be treated
when the polyp is resected.

Figure 6. Large vocal chord polyp in the anterior part of the glottis.
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Vocal chords nodules are seen exclusively in women with powerful voice formation. They
present as a symmetric swelling of the epithelium of the vocal chords in typical localisation at
the border between the first and second third. In up to 50 % the diagnosis of nodules by indirect
laryngoscopy is wrong – microlaryngoscopy shows cysts or polyps. Morphodiffentiation
compared to polyps is difficult but in any case they are no fibroepithelioma. Microlaryngeal
resection and postoperative phonatric training is indicated.

In hyperactive children vocal nodes impress as soft spindling swelling in the middle of both
vocal chords. Operative resection is not necessary because by no longer than the puberty they
involute spontaneously. Phoniatric therapy is useful. Laryngeal papillomas are to be excluded.

The varix chordis is found in patients with vocal overstressing at the surface or margin in the
middle or posterior part of one vocal chord. Under microscpy one or various capillaries lead
to a bloodblaster. Laser coagulation followed by vocal training is a promising therapy.

Laryngeal cysts are frequent and located typically at three areas:

1. vocal chord cysts are with about 50 % the most frequent and in most cases as one chamber
at the subglottic slope of the anterior third of a vocal chord with a diameter of about 5
mm. Their inner lining is squamous epithelium. The content matter is a muddy aqueous-
milky detritus. Under microscopy the subepithelial content glimmers yellowish. They are
removed gentle under protection of the muscle layer.

2. vestibular fold cysts are found nearly exclusively in elderly patients. The first mode,
originating from the minor salivary glands, presents with one chamber and is peduncu‐
lated at the roof of the ventriculus laryngis (Morgagni) with a prolapse into the glottis.
They are neither a real prolapse nor an inner laryngocele and can be mutated oncocytoid,
which is a benign age-related metaplastic dyschylic transformation. They can be removed
easily by cutting through the peduncle. The second mode is characterized by multiple
chambers, often bilateral, inside the vestibular fold and metaplastic transformed epithe‐
lium. The excision is hindered by the deep location and the botryoid extension, which
promotes relapses.

3. epiglottic cysts are located always at the same position, deep in the vallecula epiglottica
slightly paramedian at the lingual surface of the epiglottis. In ten percent they occur
multiple, only the bigger one cause dysphagia and have to be operated. This can be
complicated by prominent venes. The inner layer of the wall of the cysts is squamous
epithelium enclosing a milky pale yellow fluid. The complete sac of the cyst is to be
removed.

The Reinke-oedema or polypoid chorditis is a frequent disease mostly in heavy smokers. The
extention ranges from marginal spindle shaped swelling to bulky floating bulges with stridor.
In most cases both vocal chords are involved, but asymmetrically. With longer persistence of
the Reinke-oedema the epithelium keratinizes. Patients develop a compensatory phonation by
the vestibular folds which are to be reversed by postoperative voice therapy. Surgery begins
with plain and clean cutted margins at the tip of the processus vocalis of the arytaenoid
cartilage where the oedema is pronounced. The anteroir commissure is not involved and an
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superficial spread of the tumours it is additonally necessary to investigate the infraglottic area
as well as the ventriculus Morgangni and the false chord via a 30 ˚ and 70˚ rigid fiberoptics.
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locations without contusion. In cases of palliative tumour size reduction (“debulking”)
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diagnosis and surgery. Resection is only permitted when the complete tumour circumference
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are floating in the glottic area. Petiolated pendolous polyps sustain longer, broad based polyps
are juvenile and have a thin transparent epithelium (Figure 6). Polyps never degenerate into
a carcinoma. If a polyp persists a longer period at the contralaeral side contact reaction in shape
of excavation, epithelial thickening or oedematous swelling occurs. This is not to be treated
when the polyp is resected.

Figure 6. Large vocal chord polyp in the anterior part of the glottis.
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epithelial debridment there should be prevented to avoid synechias. The subepthelial mucous
is to be sucked carefully.

Chronical hyperplastic laryngitis is predominantly seen in 90 percent in heavy smoking men.
Additional working place associated noxious agents as heat, dust and noice-induced overuse
of the voice are said to be at least co-factors. Microlaryngoscopic findings are typical. The
thickening of the epithelium begins always at the anterior third of the vocal chords and spreads
to the whole vocal chords and inner larynx. In advanced cases of expanse leucoplakia and a
pathological secretion of a yellow viscous mucous adheres. Sometimes the disease progresses
per acute exacerbation. Signs of this procedure are slit shaped ulcers at the free margin of the
vocal chords and crimson bulges of oedema at the border from squamous to cylindrical
epithelium. Carcinoma can follow. Resection of nearly all hyperplastic area via microlayngo‐
scope is the symptomatic therapy of choice. It lasts about 4 to 8 weeks till re-epithelisation of
a vocal chord is finished. In this period a stingent ban on smoking is to order.

Contact granuloma and contact pachydermia are two pathogenetic identical but independent
diseases caused by vocal abuse and strike of the processus vocales against each other with
following formation of granulation tissue. This can be connected with dysphagia, odynopha‐
gia, scratching, sensation of foreign body and haemoptysis. Sometimes granulomas are
rejected spontaneously. In other cases the granuloma persists over months and years which
are forming bilateral cranial and caudal from the processus vocalis lip-like bulges (in America
the Jackson`s “contact ulcer”, which is not realy an ulcer - there is no loss of substance) and
dash against each other during phonation. All transitions to the typical dish-shaped epithe‐
liazed contact pachyderms are seen. Despite careful microsurgical resection and postoperat‐
vive voice training local recurrences frequently arise.

Intubation granulomata are caused by too large sized larynotracheal tubes which excoriate the
processus vocales almost one-sided (Figure 7). Depending on their growth they get a pendu‐
alted form and can be rejected and expectorated spantaneously. Recurrences after resection
are seen not infrequently, additionally applicaion of cortison should minimize them.

Figure 7. Intubation granuloma in the posterior third of the right vocal chord.

“Juvenile” papillomata are to be revoved repeatedly because of their tendency of frequent
recurrences: optionally by cold instruments, laser, ultrasound, cryocautery or electrocoagula‐
tion. Additional mitomycin is applied. It is of importance to work organ preserving. The
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essential advantage nowadays is that the surgical percedure is performed endolaryngeal and
therefore the affected children do not need a tracheostomy.

Haemangioma of the larynx are congenital and become symptomatical several months post‐
partal with the general growth. They are treated by laser resection and additional long-term
application of cortisone and recently by propranolol alone.

The incidence of laryngeal mycosis is increasing caused by more patients with immunosup‐
pressive therapy and AIDS. In Europe candida albicans and aspergillosis as endomycosis are
of clinical relevance. The affection of the larynx is predominantly secondary, the mucous
membrane is discrete swollen and reddened, typical off-white coatings are seen only exep‐
tionally and it looks like a chronic laryngitis. The basic concept of the diagnosis is still the
microbiological demonstration of the pathogenic agent. Systemic antimycotic drugs are given.

Laryngeal synechia can be differentiated by location into anterior vocal chords ones, posterior
interarytaenoid ones and false chord ones. Anterior synechia can be congenital and are very
rare and then aquired more frequent as complication after microlaryngeal surgery. Resection
of the narrowing and movement blocking scar tissue is difficile and recurrences many times
arise. Cortison and mitomycin is applied additionally. Subglottic annulare stenosis “pinhole
aperture synechia” are sequels of artificial ventilation and are resectable with out the need of
inserting a dilitator. “Cricoidal stenosis” caused by diminution of the cricoidal cartilage are
funnel-shaped and not to be treated endolaryngeal but resected by an external approach.

Unilateral pareses of the inferior laryngeal nerv are treated by a phoniatric training, improvement
of voice in defintive unilateral pareses demands an injection of the vocal chord for example
with Teflon®. In cases of acute bilateral paresis of the inferior layryngeal nerve a tracheotmy is only
to be avoided when a larynologist performs immediately a posterior chordectomy including
a resection of the processus vocalis or partial arytaenoidectomy or a (temporary) laterofixation
of the vocal chord or applicates Botulinum toxin [50].

2.9. Disadvantages

General anaesthesia is essential for microscopic laryngoscopy because of the required length
of time and the inconveniences to the patient if not applied. Risks of general anaesthesia can
be deminished by a close prepoerative examination of all vital functions. It is in the responsi‐
bility of the laryngologist to estimate the practicability of tracheal intubation after the induction
of anaesthesia. Patients with compromized airways in a severe degree have to be tracheotom‐
ized in local anaesthesia before microscopic laryngoscopy is performed. A set of instruments
for a coniotomy is to be provided. In some cases the anterior larynx cannot be adjusted without
the risk of damage of the upper teeth. Exposure can be achieved by using smaller laryngo‐
scopes and additionally by impressing the larynx.

2.10. Complications

It is not an unusal finding that cardiadic arrhythmias occur during direct laryngoscopy but
they clear all spontaneously. Continuous anaesthetical monitoring discovers them and
medication can stop them if necessary.

Endoscopy of Larynx and Trachea with Rigid Laryngo-Tracheoscopes Under Superimposed High-Frequency…
http://dx.doi.org/10.5772/52996

155



epithelial debridment there should be prevented to avoid synechias. The subepthelial mucous
is to be sucked carefully.

Chronical hyperplastic laryngitis is predominantly seen in 90 percent in heavy smoking men.
Additional working place associated noxious agents as heat, dust and noice-induced overuse
of the voice are said to be at least co-factors. Microlaryngoscopic findings are typical. The
thickening of the epithelium begins always at the anterior third of the vocal chords and spreads
to the whole vocal chords and inner larynx. In advanced cases of expanse leucoplakia and a
pathological secretion of a yellow viscous mucous adheres. Sometimes the disease progresses
per acute exacerbation. Signs of this procedure are slit shaped ulcers at the free margin of the
vocal chords and crimson bulges of oedema at the border from squamous to cylindrical
epithelium. Carcinoma can follow. Resection of nearly all hyperplastic area via microlayngo‐
scope is the symptomatic therapy of choice. It lasts about 4 to 8 weeks till re-epithelisation of
a vocal chord is finished. In this period a stingent ban on smoking is to order.

Contact granuloma and contact pachydermia are two pathogenetic identical but independent
diseases caused by vocal abuse and strike of the processus vocales against each other with
following formation of granulation tissue. This can be connected with dysphagia, odynopha‐
gia, scratching, sensation of foreign body and haemoptysis. Sometimes granulomas are
rejected spontaneously. In other cases the granuloma persists over months and years which
are forming bilateral cranial and caudal from the processus vocalis lip-like bulges (in America
the Jackson`s “contact ulcer”, which is not realy an ulcer - there is no loss of substance) and
dash against each other during phonation. All transitions to the typical dish-shaped epithe‐
liazed contact pachyderms are seen. Despite careful microsurgical resection and postoperat‐
vive voice training local recurrences frequently arise.

Intubation granulomata are caused by too large sized larynotracheal tubes which excoriate the
processus vocales almost one-sided (Figure 7). Depending on their growth they get a pendu‐
alted form and can be rejected and expectorated spantaneously. Recurrences after resection
are seen not infrequently, additionally applicaion of cortison should minimize them.

Figure 7. Intubation granuloma in the posterior third of the right vocal chord.

“Juvenile” papillomata are to be revoved repeatedly because of their tendency of frequent
recurrences: optionally by cold instruments, laser, ultrasound, cryocautery or electrocoagula‐
tion. Additional mitomycin is applied. It is of importance to work organ preserving. The

Endoscopy154

essential advantage nowadays is that the surgical percedure is performed endolaryngeal and
therefore the affected children do not need a tracheostomy.

Haemangioma of the larynx are congenital and become symptomatical several months post‐
partal with the general growth. They are treated by laser resection and additional long-term
application of cortisone and recently by propranolol alone.

The incidence of laryngeal mycosis is increasing caused by more patients with immunosup‐
pressive therapy and AIDS. In Europe candida albicans and aspergillosis as endomycosis are
of clinical relevance. The affection of the larynx is predominantly secondary, the mucous
membrane is discrete swollen and reddened, typical off-white coatings are seen only exep‐
tionally and it looks like a chronic laryngitis. The basic concept of the diagnosis is still the
microbiological demonstration of the pathogenic agent. Systemic antimycotic drugs are given.

Laryngeal synechia can be differentiated by location into anterior vocal chords ones, posterior
interarytaenoid ones and false chord ones. Anterior synechia can be congenital and are very
rare and then aquired more frequent as complication after microlaryngeal surgery. Resection
of the narrowing and movement blocking scar tissue is difficile and recurrences many times
arise. Cortison and mitomycin is applied additionally. Subglottic annulare stenosis “pinhole
aperture synechia” are sequels of artificial ventilation and are resectable with out the need of
inserting a dilitator. “Cricoidal stenosis” caused by diminution of the cricoidal cartilage are
funnel-shaped and not to be treated endolaryngeal but resected by an external approach.

Unilateral pareses of the inferior laryngeal nerv are treated by a phoniatric training, improvement
of voice in defintive unilateral pareses demands an injection of the vocal chord for example
with Teflon®. In cases of acute bilateral paresis of the inferior layryngeal nerve a tracheotmy is only
to be avoided when a larynologist performs immediately a posterior chordectomy including
a resection of the processus vocalis or partial arytaenoidectomy or a (temporary) laterofixation
of the vocal chord or applicates Botulinum toxin [50].

2.9. Disadvantages

General anaesthesia is essential for microscopic laryngoscopy because of the required length
of time and the inconveniences to the patient if not applied. Risks of general anaesthesia can
be deminished by a close prepoerative examination of all vital functions. It is in the responsi‐
bility of the laryngologist to estimate the practicability of tracheal intubation after the induction
of anaesthesia. Patients with compromized airways in a severe degree have to be tracheotom‐
ized in local anaesthesia before microscopic laryngoscopy is performed. A set of instruments
for a coniotomy is to be provided. In some cases the anterior larynx cannot be adjusted without
the risk of damage of the upper teeth. Exposure can be achieved by using smaller laryngo‐
scopes and additionally by impressing the larynx.

2.10. Complications

It is not an unusal finding that cardiadic arrhythmias occur during direct laryngoscopy but
they clear all spontaneously. Continuous anaesthetical monitoring discovers them and
medication can stop them if necessary.

Endoscopy of Larynx and Trachea with Rigid Laryngo-Tracheoscopes Under Superimposed High-Frequency…
http://dx.doi.org/10.5772/52996

155



Obtruction of the airway by compression or kinking of the flexible intratracheal ventilation
tube is a serious problem and the prevention requires constant attention from both, the
anaesthesiologist and the endoscopist.

Post-extubation laryngospasm is a severe complication and are to be kept to a minimum if
anaesthetic experts anticipate and prevent them.

Although the incidence of dental fracture is very low the chipping of enamel by friction is seen
more especially when the laryngoscope is in contact with unprotected teeth.

If the operative manipulation leads to a dramatic narrowing of the airway by oedema an
elective tracheotomy is to be performed. Minor oedemas in the larynx are treated by intrave‐
nious applied cortisone. Cortisone is additionally given to prevent postoperatively the
formation of endo-laryngotracheal citatrices and following synechiae and webs.

Tearing, contusion and haematoma of the lips, tongue or pharyngeal wall can be avoided by
gentle introduction of the laryngoscope.

In few cases an overexpansion causes a palsy of the hypopharyngeal or glossopharyngeal or
lingual nerve. Although very seldom taste disturbances are refered.

Bleedings after biopsies are staunched by swabing with adrenalin resepctively by well-
directed monopolar cauterization. Bleeding is the main complication after laser surgery.

2.11. Postoperative procedures

Untill recover of one`s voice is recured a rest is indicated with avoidance of susurration,
coughing and harrumph. Coughing depressing and secretolythic agents are helpful in this
phase. A normal theme of speech is considered as possible after healing of the alteration and
laryngological investigation. Phoniatric exercises are a useful help for voice rehabilitation
especially in cases of functional causation and after removal of a Reinke-oedema or a chronic
laryngitis or resection of a vocal chord or an arytaenoidectomy. Antibiotics are prescribed only
when enlarged surgical operations like partial endoscopic tumorresection or arytaenoidecto‐
mies were performed. Humid inhalations are to be recommended in any case.

3. Low-frequency and high-frequency jet ventilation: Technical basics and
special considerations for clinical application

The supraglottic jet ventilation is a technique whereby the ventilation gas is emitted by a jet
injector above the glottic level via an endoscope. The superimposed high-frequency jet
ventilation, used by us [51], represents a supraglottical jet ventilation and needs an endoscope,
a jet laryngoscope, with two integrated jet nozzles for ventilation. Ng [52] localizes the jet
nozzles for the supraglottic jet ventilation at the distal end of the endoscope nearby the tip of
the endoscope and thus immediately in front of the glottis. On the contrary we put the jet
nozzles more proximal far away from the tip of the endoscope. Initially this ventilation
technique was applicated preferential in laryngeal interventions without reduction in cross
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section of the glottic level. Further clinical experience pointed out that this technique is also
implementable in cases of severe stenosis in front of the tip of the endoscope.

3.1. Construction of the jet laryngoscope

The jet laryngoscope used by us and first described by Aloy et al. 1990 [53] is originally a larynx
endoscopy tube [54] which was modified by incorporation of fix jet nozzles (Figure 8).

Figure 8. Jet laryngoscope according to KLEINSASSER for SHFJV® according to ALOY (Carl Reiner Jet Laryngoscope,
Carl Reiner Ltd. Company with limited liability, Viennna, Austria) with a connexion for the low-frequency (LF) and
high-frequency (HF) jet gas at the left proximal side. Opposite at the right side there is the connexion of the monitor‐
ing. At the basis of the grip of the laryngoscope lies the aperture for the feeding of the moistened and warmed-up
ventilation gas.

The findings of  flow dynamic measurements  at  the  lung simulator  served for  the  basic
conception of the construction of this jet laryngoscope. Experiences with nozzles suspend‐
ed in standard laryngoscopes achieved success. To attain a sufficient tidal volume, under
the utilization of the Venturi Effect, the size of the jet nozzle as well as its localisation and
adjustment play a major role. This was demonstrated in corresponding investigations. The
gas jet, entering the laryngoscope, must not be directed to the opposite wall but should be
targeted to the caudal direction at the virtual central point of the distal  end of the tube
finding the continuation median in the trachea. The optimal angle of incidence is 18 degrees.
As aperture of  the nozzles which influences the effectivity of  the jet  beam 1.8  mm was
chosen. At the right side of the laryngoscope there is a conduction fixed ending at the tip
of  the  laryngoscope  used  for  the  measurement  of  the  ventilation  pressure  and  oxygen
concentration (Figure 9).
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3.2. Ventilation technique

The simultaneous application of a jet stream with low- (normo- upto lowfrequent) frequency
(12-20 impulses per minute; 0.2 - 0.3 Hz) and a further jet stream with high-frequency is
performed via a jet nozzle. The low-frequent jet produces a high, superior pressure plateau
representing the inspiration phase with a sufficient tidal volume (Figure 10). This is followed
by breathing space of expiration.

Figure 10. Relationship of pressure and flow during simultaneous low-frequency and high-frequency jet ventilation.

Figure 9. Schematical drawing of the gas flow in the jet laryngoscope (two jet nozzles) and of the pressure measure‐
ment and oxygen concentration (FIO2) at the tip of the endoscope (yellow nozzle).
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On the other hand via a second nozzle during the low-frequent inspiration and the subsequent
expiration a continous high-frequent gas application is conducted and is additionally super‐
imposed to the low-frequent jet ventilation causing a minimal enhancement of the inspiratory
pressure plateau. In the expiration sphase of the low-frequent jet ventilation there exists only
the high-frequent jet. The high-frequent jet portion (frequency from 20 to1500 impulses per
minute; 0.3 to 25 Hz) produces a lower pressure plateau corresponding to an end-espiratory
pressure plateau, corresponding to an end-expiratory pressure (PEEP).

3.3. Pressure profile in the lung

Ventilation via a complete open system with two different pressure plateaus is generated.

The periods of inspration and exspiration of the normo-frequent as well as the high-frequent
jet gases are to be adjusted variable. It is a time- and pressure controlled ventilation at two pressure
plateaus with decelerating flow.

3.4. Adjustment of the respirator

Variable parameter of the low-frequency jet ventilation:

Working pressure of the gas leaving the jet nozzle: 0.03-0.04 bar/kg body weight.

Frequency: 12-20 impulses/min (adults), 20-30 impulses/min (children).

Inspiration/Exspiration ratio: primary 1:2 or 1:1.

Variable parameter of the high-frequency jet ventilation:

Working pressure of the gas leaving the jet nozzle: 0.02 bar/kg body weight.

Frequency variable: 100-1500 impulses/min.

Inspiration/Exspiration ratio: primary 1:2 or 1:1.

3.5. Respirator

The development of the jet ventilation with two jet streams made it mandatory to design
a  specific  respirator  (Figure  11).  An  electronic  respirator  enabling  the  low-  and  high-
frequent  gas  application  was  developed.  Simultaneously  the  pinside  of  the  endoscope
measured ventilation pressures are digital and graphically represented, just as the adjust‐
ed and measured FIO2. Furthermore a laser mode is practicable reducing automatically the
FIO2. The ventilation parameters are recorded and an integrated pressure limitation reacts
to a too high pressure and also to a pressure drop. Therefore a barotrauma can be avoided
with greatest certainty. After the input of patients body weight the ventilation is started
with a default setting of the device. The connection with the jet laryngoscope is made by
two not confusable jet  hose couplings.  Moreover the respirator includes different usable
ventilation modes for the application of bronchoscopy and infraglottic one-lumen catheter
techniques.
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Figure 11. Jet respirator for the combined high-frequent and low-frequent jet ventilation (Twin Stream TM multimode
respirator, Carl Reiner Ltd. Company with limited liability, Vienna, Austria). The continuous airway pressure is displayed
in the left upper corner. The top right part shows the adjustable pressure limitation. In the middle left the digital air‐
way pressure and in the center of the display the inspiratory oxygen concentration is displayed. On the lower left side
the low-frequency jet unit can be seen and on the right there is the high-frequency jet unit.

3.6. Physical effects during ventilation

3.6.1. Gas velocity

The applicated ventilation gas (oxygen/air mixture) is a fluid with 1 to 1.5 bar of pressure of
at the nozzle. At the tip of the laryngoscope a decompression of a 100 fold occurs so that there
are registrated pressures of 20 mbar. The flow velocity can achieve at the discharge of the
nozzle up to 300 m/sec, but at the tip of tube it is also distinctly shortened and represents less
than 100 m/sec [55].

3.6.2. Characteristics of the gas flow – Computational fluid dynamics

The computational fluid dynamics performed by us shows that during application of super‐
imposed high-frequency jet ventilation via the jet laryngoscope an asymmetric bi-directional gas
flow occurs in the jet laryngoscope (Figure 12).

3.6.3. Free-jet

The gas stream emitted from the particular jet nozzle is a free jet inducing an entrainment of
surrounding air at the rim caused by an occurring discontinuity [56]. This entrainment is also
the reason why the oxygen concentration adjusted from the respirator is diminished at the tip
of the endoscope. The beams respectively the stream becomes progressively broader and his
velocity decelerates (Figure 13).
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Figure 13. Schema of the characteristics of the free jet as it ejects from the nozzle. A typical deformation of the profile
of the beams respectively the stream and an entrainment of the (rim) boundary zone is demonstrated.

3.6.4. Characteristics of pressure in the jet laryngoscope

The described position of the nozzles causes a typical behaviour of the pressure, as shown in
Figure 14. In front of the nozzles a negative pressure occurs, which comes to its maximum
immediately after the aperture of the jet nozzles.

Due to the nozzles ending in the first section of the jet laryngoscope the Venturi–effect takes
place far away from the surgical area, suction and spraying of blood is prevented.

Only after the nozzles the pressure in the laryngoscope increases.

Figure 12. Charactristics of the gas flow in the jet endoscope: flow of the gas leaving the nozzles with high velocity
(yellow) towards left side to the virtual tip of the endoscope. Additionally a fluid flow exists towards left side with
decreasing velocity (light blue) directed to the tip of the endoscope. At the opposite side of the endoscope there is a
flow (dark blue) toward right side outwards.
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Figure 14. Characteristics of the pressure in the jet laryngoscope under the application of three different ventilation
modes. On the outside (left) of the endoscope a moderate negative pressure originates when gas is emitted at jet
nozzles. In the area of the nozzles the pressure becomes strongly negative. Then a positive pressure originates in the
direction of the tip of the endoscope (right).

3.6.5. The Joule Thomson effect

Real gases cool when expanding without performing work (against an external pressure) [57,
58]. The increase of the volume enlarges the median distance of the gas molecules. Work is to
be applied against the intermolecular attracting forces. The potential energy of the system
grows at the cost of the kinetic energy of the gas molecules and therefore the temperature
drops. Due to this effect during prolonged mechanical ventilation, heating and humidification
of the respiratory gas is needed to avoid damage to the mucous membrane in the trachea.

3.7. Influence on physical effects

3.7.1. Moistening and warming of the respiratory gas

Further development of the jet laryngoscopes allows now the continuous moistening and
warming of the respiratory gas. The gas is supplied via a so-called bias-flow to a moistening
device and is moistened and warmed inside (Figure 15).

3.7.2. Entrainment of the gas

Due to the installation of an aperture in the grip of the endoscope oxygen enters the laryngo‐
scope replacing the entrainment of surrounding air. Therefore the oxygen concentration
remains the same as it leaves the jet nozzles. Thereby at first the entrainment of the air in the
laryngoscope is reduced and as second the ventilation gas is moistened and as third it is
warmed-up. Although physical effects cannot be eliminated completely, they can be dimin‐
ished in their intensity nevertheless.

Endoscopy162

Recent developments and clinical experiences with superimposed high-frequency jet ventila‐
tion demonstrate that a broad spectrum of clinical application is practicable [59].

This method is suitable for laryngotracheal diseases in adults and also excellent in infants and
children [60, 61]. Additional, special indications for jet ventilation are supraglottic, glottic,
subglottic and tracheal stenoses. Further applications are the ventilation during bronchoscopy,
the percutaneous dilatation tracheostomy (PDT) [62] and the placement of airway stents and
the treatment of acute respiratory distress syndrome (ARDS).

4. Tubeless laryngotracheal surgery via jet ventilation

Endolaryngeal and -trachel surgery always burdens from the situation in the operation area
which is to share with the anaesthesiologists. An endotracheal tube narrows the view for
endoscopic examination and surgery in the larynx and in particular in the trachea. Stenotic
areas cause respiratory insufficiency and often can not be passed by a tube however small they
may be. A safe ventilation technique, the superimposed high-frequency jet ventilation
(SHFJV), which allows the laryngotracheal surgeon optimal conditions for diagnosis and
surgical procedures was invented by Aloy 1990 [63].This tubeless method, described in detail
before, became rapidly the anaesthetic method of choice for laryngotracheal operations at our
Department of Otolaryngology in Viennna [64, 65] (Figure 16). The following report stresses
out in general our experiences when laryngotracheal surgery is performed under SHFJV.

Figure 15. Device for moistening and warming-up of the respiration gas. The central unit (white) incorporates the
electronical control unit. The humidifying chamber (blue) for single or multiple use is fixed at the central unit. The tub‐
ing system (yellow) is splitted in a short tube which transports the ventilation gas coming from the respirator to the
humidifying chamber, and in a long tube which transports the now moistioned and warmed-up gas from the humifid‐
ier chamber to the jet laryngoscope. The distal part of the long tube is metallic and is connected to the jet laryngo‐
scope.
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Figure 16. Microlaryngoscopy under superimposed high-frequency jet ventilation (SHFJV)

Figure 17. Long micro instruments for the operative procedure in the larynx and in the trachea.

At our department of otorhinolaryngology in Vienna, Austria 2123 micro laryngeal/tracheal
surgical interventions were made under SHFJV from 1990 up to December 2011 using micro
instruments demonstrated in Figure 17. Diagnoses and number of patients is demonstrated in
the following Table 1.

If it becomes necessary that the vocal chords are in a complete standstill in fine phonosurgical
interventions it is easy and hazard-free to interrupt the jet ventilation for a few seconds.

We  never  saw  complications  associated  with  jet  ventilation  which  include  inadequate
oxygenation and ventilation, severe dehydration of the mucosa, gastric distension, regurgi‐
tation,  and  even  gastric  rupture.  Pneumomediastinum  or  pneumothorax  have  been
reported, and occurs mostly when applying jet ventilation with an obstructed airway [66].
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The continuous pressure control  of  the SHFJV-  device could ward a  barotrauma in our
application in any case.

4.1. Contraindications of SHFJV in laryngotracheal surgery

The jet ventilation has proven to be most suited for patients with normal, unobstructed airways
and normal lung and chest wall compliance (Figure 18). Reduced chest wall compliance such
as in obesity (body mass index >35) may lead to unmeant gastric insufflation and distension
causing worsening of the respiratory compliance. A significant overbite especially in combi‐
nation with retrognathia makes laryngotracheal placement of the ventilation laryngoscope
impracticable and the incidence of accidental gastric hyperinflation is high.

Diagnoses Total (n=2123) Percent (100%)

Laryngeal carcinoma

Vocal chord leucoplakia

Laryngeal papillomatosis

Chronic laryngitis

Vocal chord polyp

Reinke`s oedema

Laryngeal/tracheal stenosis

Bilateral vocal chord paralysis

Unilateral vocal chord paralysis

Vocal chord nodule

Vocal chord granuloma

Vocal chord cyst

Vocal chords synechia

Supraglottic cyst

Phonosurgery

Others

403

272

122

116

259

221

172

45

72

57

71

93

53

83

32

52

19.0

12.8

5.7

5.5

12.2

10.4

8.1

2.1

3.4

2.7

3.3

4.4

2.5

3.9

1.5

2.5

Table 1. Diagnoses of patients undergoing micro laryngeal/tracheal surgery with superimposed high-frequency jet
ventilation (SHFJV).

Figure 18. Cyst at the free margin of the right vocal chord anterior half with free access to the operation area.
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Expected massive bleeding is an absolute contraindication. However slight bleeding does not
reach the trachea and deeper airways because of the high-frequent gas flow with PEEP-effect
pressures the blood to the laryngeal respectively tracheal wall and with the expiration it is
tranported externally.

5. CO2 laser micro laryngotracheal surgery during supraglottic jet
ventilation

Three characteristics are the basics of the high energy density of laser:

1. monochromaticity: in a high degree with very limited range of wavelengths,

2. coherence: in the laser beam the electromagnetic fields of all photons oscillate synchro‐
nously in identical phase, and

3. collimated beam: laser light remains in a narrow spectrum.

With laser light, tissue penetration is mostly a function of wavelight. Long-wavelight laser
light such as that from CO2 laser (operation at 10,600 nm) is completey absorbed by water in
the first few layers of cells. The thermal effect is therefore largely limited to the point of entry
into the target tissue. This results in explosive vaporisation of the surface tissue of the target
with surprisingly little damage to underlying cells. When coupled to an operating microscope
the laser vaporizes the lesions with precision, causing minimal bleeding and oedema: an
obvious advantage, especially in small pediatric airways.

Technique of CO2 laser microsurgery Advantages of CO2 laser microsurgery

Wavelength: ~10.000 nm; infrared - invisible

Pilotlaser: red (aiming beam), coaxial

Micromanipulator for application

Focus diameter: 0.3-0.7 mm

at a distance of 40 cm

Microscopic magnification: 4 to 40-fold

Contactless operating

Precise dosing and control

Reduced bleeding

Reduced risk of infection

Less postoperative pain

Table 2. Technique of CO2 laser microsurgery and advantages of laser surgery.

The pulsed dye laser (PDL) has a shorter wavelength and spares the epithelium, but specifically
hits the microvascular supply of the lesion. This has an advantage in the anterior laryngeal
commissure because not denuting the epithelium is beneficial, it should limit the occurrence
of webs. In certain situations, a laser based resection technique is surgical method of choice
for:

1. sessile lesions,

2. lesions in scared areas and
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3. lesions near or in the laryngeal ventricle.

Anaesthesia for laryngotracheal interventions can be performed with or without endotracheal
tubes [67]. As the most servere complication laser induced combustion is considered. Within
635 laser applications under SHFJV at the Department of Otorhinolaryngology of the Medical
University of Vienna we had to see in one case an endlaryngeal fire caused by ignition of an
erroneous dry swab which was inserted in the subglottic space for laser prevention of the
trachea wall. The fire could be extinguished rapidly. After orotracheal intubation a tracheos‐
tomy was performed for the entrence of ventilation. The patient could be discharged from the
intensive care unit within 10 days and from hospital after closure of the tracheostomy after 21
days without further essentially respiration problem deriving from this accident, especially
there was no stenotic laryngotracheal process [68]. It is clearly to state, that this ignition was
not in a causal connection with the SHFJV. The major complication, airway fire, is avoided by
SHFJV itself: there is no flammable material in the airway. Other ventilation devices like plastic
tubes do not withstand laser strikes and will ignite the longer the laser exposure lasts. Metallic
foil-wrapped plastic tubes may injure pharyngeal and laryngotracheal tissues by sharp edges,
loose their elasticity and tend to kink. The protective effect is lost if the foil is detached and
airway obstruction may occur when parts of the foil is aspirated. The reflexion from the surface
bears the risk of damage of surrounding tissues. For a considerable time laser safe endotra‐
cheal-tubes are put up for sale. The disadvantage of these tubes is the size of its diameter.
Because of the required material safety these tubes have a large outer diameter and a small
inner diameter. In case of a larger stenosis it is not possible to use these endotracheal tubes.
But just in cases of stenoses jet ventilation has a major advantage. No tube - no fire when the
applied oxygen concentration is low (< 40%). The jet ventilation is done with a mixture of
oxygen/air. Nitrous oxide should not be used.

The high gas flow dilutes and eliminates the smoke and therefore additional suction for smoke
is redundant. Laser laryngotracheal surgery was perfomed with a CO2 laser (Hercules 5040;
Haereus, Germany or Sharplan 1050; Vörösmarty, Israel).

Special indications for CO2 laser application in combination with SHFJV in laryngeal diseases
are the early glottic cancer [69, 70], the papillomatosis and the stenoses. Indispensable
precaution is the internal approval for general anaesthea, the adjustability of the inner
laryngealtracheal structures with special attention to the anterior commissure and the
expectation of low bleeding. The laser surgical procedures under SHFJV lasted from 15 up to
120 minutes, on the average of 42 minutes.

5.1. Circumscribed carcinoma

The preoperative information of the patients include the postoperative bleeding which
depends on the extent of the resection. A revision under endotracheal intubation and general
anaesthesia and sometimes a tracheotmy will be necessary. The patient has to know that until
the definitve histological findings are evident in case of incomplete resection a re-operation
will be necessary. Healing of the wound is delayed with functional consequences like hoarse‐
ness and transient aphonia. Synechiae and stenoses rarely occure. After histological confir‐
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3. lesions near or in the laryngeal ventricle.
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mation of the initial diagnosis the surgery by CO2 laser with the soft super pulsed mode a
nearly char-free cutting via vaporisation is performed.

Dissecting the soft tissue of the tumour is has proven to perform with the micro manipulator
fine serrated hither and thihter movements. With this method laser`s physical properties for
cutting and coagulation are utilized most effective [71]. Like the study group of our department
could show excellent oncological results can be expected in T1a-glottic cancer in comparison
to radiotherapy and conventional surgery [72].

Postoperative stridor is mostly due to a swelling of the local mucous membrane and is easy to
be treated by cortisone.

5.2. Laryngo/tracheal stenosis

Congenital and aquired stenoses in all regions of the larynx are a prefered indication for CO2

laser surgery (Figures 19, 20, 21). Tubeless ventilation allows the surgeon to operate in an
already narrow area.

Figure 19. View through the ventilation laryngoscope in position. Tumour caused massive stenosis. In the area of the
posterior commissure a residual lumen exists, enabling patient`s spontaneous but stridulous breathing.

Figure 20. High grade subglottic stenosis with a substantially reduced lumen.
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Figure 21. Star-shaped opening of a glottic/subglottic stenosis with CO2 laser under SHFJV.

5.3. Laryngeal papillomatosis (see also part 6)

Accordingly to their biological behavior with multiple recurrences in juvenile papllomatosis
repeated interventions are necessary (Figure 22). The CO2 laser in combination with SHFJV
[73] offers the opportunity of a safe procedure with preserving the funtional important vocal
chords.

Figure 22. Glottic and supraglottic recurrence of a juvenile papillomas.

(We thank Prof. W. Bigenzahn from the Department for Phoniatry and Logopaedia of the
Medical University of Vienna for providing this figure).

6. Tubeless laryngotracheal surgery in infants and children via jet
ventilation

Laryngotracheal surgery in infants and children is handicaped by the narrow anatomical area
of operations and often additionally by the pathological substrate itself. A special cooperation
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between the surgeon and the anaesthesist is indispensable. Ventilation via an endotracheal
tube with a cuff is most safe to operate. But even this endotracheal tube blocks on the one hand
the unobstructed view of the operating field and on the other hand the necessary space for
surgical activity and additionally mutates the anatomical structures. In cases of pronounced
stenoses in the laryngotracheal area an endotracheal intubation cannot be applied. An
alternative procedure is the tracheotomy, especially for infants and children and the postop‐
erative care an enormous burden.

A rigid bronchoscope used for ventilation restricts the visibility of the working space and it
may occur that it cannot pass a stenosis. Laryngotracheal surgery in the apnea technique is
still in use but is associated with the heightened risk of hypoxemia and hypercapnia.

An improvement of ventilation of the patient during laryngotracheal surgery was established
by single-frequency jet ventilation techniques applied either per percutaneous insertion of a
needle into the trachea or endotracheal tubes or catheters, or application of a jet nozzle into
the endocopy tube [74, 75]. All these techniques have the disadvantage of the risk of hypo‐
xaemia and hypercapnia especially in patients underlying pulmonary and cardiadic aggra‐
vated risks and operations with a long continuance. Needles placed transtracheal bear the
elevated risk of barotrauma because the gas supply takes place below the stenosis [76].

6.1. Ventilation

As an alternative ventilation technique the jet ventilation presents themselves with 3 modalities:

1. transtracheal jet ventilation (Figure 23): for endoscopic laryngeal surgery, also with laser,
excellent visibility for the surgeon, even in glottic or supraglottic stenoses with minor
complications up to 20 % [77-79]. Very important is the bedding of the child with maxi‐
mum extension of the head. This allows fixing the mobile trachea between middle finger
and thumb. The cricoid membrane is narrow and at best to be felt by a fingernail. The
punction with ventilation catheter is to be directed in a caudal direction.

Figure 23. Percutaneous transtracheal jet ventilation catheter (VBM®-Medizintechnik, Germany) for children with steel
punction needle.
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2. infraglottic, transoral jet ventilation: transoral or nasotracheal positioning of a catheter
through the glottis deep enough into the trachea. Available if the glottis is not narrowed.

Not available for children because the diameter of the catheter is often more than 5 mm.

3. supraglottic jet ventilation: as an alternative method the authors, Grasl et al. 1997 [80], have
presented their experiences in the first use of tubeless superimposed high- and low-
frequency jet ventilation (SHFJV) with a jet laryngoscope in laryngotracheal surgery in
infants and children 28 infants and children. This intervention was spread successively
[81]. Because of the absence of an additional jet catheter optimal working conditions with
best visibility in primarily narrow areas are created. Nowadays jet laryngoscopes with
also two intergrated jet nozzles for children are available in different sizes. The transfer
of the jet gas takes place at the proximal section of the laryngoscope and not nearby the
glottis. The endoscopes are equipped with an integrated ventilation pressure measure‐
ment positioned at the tip. At the grip of the endoscope (Figure 24) there is an aperture
for the connection of the moistening and warming of the ventilation gas. On the left side
there of upper section of the laryngoscope there are two jet nozzles, on the right side are
located a nozzle for the ventilation pressure measurement and a nozzle for the true FIO2
recording. Additional monitorings are the pulsoxymetry, the electrocardiogram and the
noninvasive measurement of the blood pressure. We consider because of our complication
free experiences the invasive arterial monitoring as needless.

The supraglottic jet ventilation offers the surgeon the opportunity to use the CO2 laser [82].

Figure 24. The proximal section of the ventilation laryngoscope for children with all connexions.

6.2. Anaesthesia

Ventilation is carried out by an air/oxygen mixture. If the CO2 laser is used the inspiratory
oxygen concentration is reduced to 40 %. In corresponding dose rate propofol is applied as
hynoticum, fentanil or remifentanil as analgesia and rocuronium as short effective relaxant.

Anaesthesia starts with manual ventilation by a conventional respirator. When relaxation takes
effect the jet laryngoscope is placed and jet ventilation starts. After the end of the surgical
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intervention the jet laryngoscope is removed and mask ventilation follows till the patient is
awake.

Figure 25. Procedure of an endoscopic surgical intervention under a continuous superimposed high-frequency jet
ventilation.

The physiology of the infantile lung offers several specifics. The compliance and also the
resistence of the lung make age-related fluctuations. The compliance is significantly lower and
the resistance higher than in adults. Due to the resulting time constant a higher ventilation
frequence exists. With increasing age an approximation to the values up to that of adults occurs.
Subsequently the following considerations for the adjustment of the respirator are: higher
frequency of ventilation, ventilation pressure low but not too low, the start calibration of the
respirator with body weight specification, orientation at the displayed and measured values
of ventilation pressure. As in adults the supraglottic jet ventilation is performed at two different
pressure plateaus. With the superior pressure plateau CO2 is eliminated, the inferior pressure
plateau produces the positive end-expiratory pressure (PEEP).

Contraindications for the jet ventilation are: impracticality to bring the jet laryngoscope in the
right position, bleeeding in larynx and trachea and the absence of patient`s sobriety.

The superimposed jet ventilation offers the anaesthesist and the surgeon optimal working
conditions (Figure 25). Anaesthesia has as advantage the continuous mechanical ventilation
with integrated limitation of pressure. The surgean has optimal conditions of visibility with
no displacement of anatomical structures by a catheter or endotracheal tube. A further
advantage is the safe application of laser surgery.

The youngest patient was two week old. Therefore no age-related limitation exist for the
superimposed high-frequency jetventilation.

Up to now at the Department of Otorhinolaryngology of the Medical Universitiy of Vienna
230 infants and children with an age below 14 years were ventilated sufficiently by a therefore
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extra designed rigid endoscopy tube derived from the Kleinsasser tube [79] during laryngo-
tracheal surgery. Diagnoses were: papillomatosis, subglottic stenoses, laryngeal inspection,
web, foreign body, vocal chord cyst, vocal chords granuloma and miscellaneous. Movement
of foreign bodies becomes much more easy and elegant during the tubeless ventilation: a
Fogarty-Catheters© guided behind the foreign body helps to bring him more proximal where
he can be gripped and extracted with a forceps [83]. With this SHFJV technique laryngeal
stenoses and cardiopulmonal insufficiences do not present special risks. Laryngotracheal
surgery under SHFJV can be applied in any child except special general contraindications.

As in adults before effective jet ventilation can start, the laryngoscope tube, adjusted to size of
the childlike larynx, is inserted and evaluated for suitability for jet ventilation. Immediately
afterward the suspension system is installed and the jet injector needles are attached to the
laryngoscope. The steadily ventilation can begin. Up to this point of time the manipulation
happens in an anaesthetized but apnoeic patient.

The procedure of the jet ventilation took from 5 up to 130 minutes, on average about 35 minutes.
The ventilation assured in any case a sufficient oxygenation and CO2 elimination.

Only in a few cases during introduction or recovery of the anaesthesia an endotracheal tube
had to replace the ventilation tube temporarily caused by adverse anatomical characteristics.
A serve laryngospasm never resulted from SHFJV. To eliminate the danger of pneumothorax
in the application of SHFJV it is to state that it is an open system with an air supply always
above the existing stenoses. Additionally an intergrated monitoring of pressure in the
laryngoscope is positioned. The surgical procedure could be performed in any case.

Contraindication for SHFJV in infants und children are in principle the same as in grownups.

The technique of SHFJV has helped us to handle the naturally difficult surgery of the larynx
and trachea in infants and children and simplified it considerably.

A very special laryngeal disease in children is the recurrent respiratory papillomatosis (RRP)
[84-86].

Only a minority of Human papilloma virus (HPV) carrying mothers will become symptomatic.
The route of transmission to the infant in not yet completely understood.

There is no cure for RRP at present and no therapy modality that might eradicate the virus
from the respiratory mucosa. Local recurrences are therefore frequently seen.

Vaccination against HPV 6 and 11 across the board should decrease the incidence of children
in future.

RRP requires a protracted and repeatedly therapy over years.

The surgical therapy with a removal of the papillomas as much as possible und preservation
of normal structures is the procedure of (Figure 26). Scaring from overagressive resections
effects dysphonia and airway comprise. Incomplete resections are accepted under these
aspects especially in the anterior commissure. It is not practicable to eradicate all virus particles
even when clinically all evident papillomas had been removed.
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We have experiences about 122 surgical interventions under SHFJV in children with RRP.

Near all of them received papilloma ablation by CO2 laser.

In addition the adjuvant medical therapy plays an increasing role: a-Interferon, and various
antiviral agents, of which the most commonly used is the intralesional sidovir.

We cannot confirm, based on our experiences, the theoretical risk in clinical practice that the
applicated jet is forcing papilloma fragments deeper into the airways. Our preliminary results
provide no indication that the risk of spread of papillomas by jet ventilation into the trachea
has increased. A spread of papillomas by an endotracheal tube cannot be entirely excluded.

7. Supraglottic jet ventilation in laryngotracheal stenoses

High degree stenoses in the larynx and trachea represent an acute alarming situation for the
affected patients. In a slow increasing stenotic process the narrowing of the laryngeal or
tracheal lumen up to 80 % is clinically well tolerated by the patients [87-89]. A further increase
of the stenoses, for example caused by a local swelling, is associated with life-threatening
dyspnoea and hypoxia. In these cases a tracheotomy is necessary to maintain gas exchange. If
an endotracheal intubation is impossible due to the massive narrowing of the laryngotracheal
area and ventilation via mask provides sufficient oxygenation tracheotomy is performed under
local anaesthesia. An extreme dyspnoea requires oxygenation via a percutaneous transtracheal
puncture or surgical cricothyrotomy.

7.1. Applications of the jet ventilation in obstructive supraglottic respectively glottic or
infraglottic narrowing of the airways

According to the local spread of pathologies the following anatomical localisations of obstruc‐
tions exist: i) supraglottic, ii) glottic, iii) subglottic and iv) tracheal.

Figure 26. Laryngeal papillomatosis. View through the jet laryngoscope.

Endoscopy174

If the glottis is not obstructed any form of jet ventilation can be applied. The narrower the
glottic space becomes because of a pathological process the more attention is to be applied to
the chosen jet ventilation.

In principle three options are available for jet ventilation with stenosis: i) the transcricoidal
punction – not usable in cases of long-stretched stenoses where the trachea is not to be local‐
ized, ii) the transoral infraglottic jet catheter – not to be inserted through high-grade stenoses and
iii) the jet laryngoscope – a supraglottic jet ventilation with jet gas emission above the glottic
area (Figure 27). The first and second techniques are in terms of the location of the jet nozzles
infraglottic jet ventilations.

Initially the application of the supraglottic jet ventilation was applied cautious in obstructive
pathologies but at an early stage the advantages in severe airway obstructions emphasized [90,
91]. It became apparent that the increasing ventilation pressure, measured at the tip of the
laryngoscope, behind an obstruction can not be higher than in front of it.

Therefore this technique is best suited for all kinds of to be expected difficult airway. However
absolute requirement is to place the jet laryngoscope ahead the expected obstruction.

If a stenosis is produced at the lung simulator in the level of the fictitious glottis immediately
ahead of the laryngoscope the following characteristics with regard to the tidal volumes are
observed (Figure 28).

Increasing of the working pressure of the device for both types of ventilation, the low- and
high-frequent jet, produces a sufficient respiratory tidal volume (blue columns).

With decrease of the compliance (0.05 l/mbar, red columns) the tidal volume without stenosis
is already low and decreases dramatically with increase of a stenosis, at the identical original
setting of the jet ventilator.

Figure 27. Schematical drawing of the supraglottic jet ventilation with a stenosis in front of the tip of the laryngo‐
scope.
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of the stenoses, for example caused by a local swelling, is associated with life-threatening
dyspnoea and hypoxia. In these cases a tracheotomy is necessary to maintain gas exchange. If
an endotracheal intubation is impossible due to the massive narrowing of the laryngotracheal
area and ventilation via mask provides sufficient oxygenation tracheotomy is performed under
local anaesthesia. An extreme dyspnoea requires oxygenation via a percutaneous transtracheal
puncture or surgical cricothyrotomy.

7.1. Applications of the jet ventilation in obstructive supraglottic respectively glottic or
infraglottic narrowing of the airways

According to the local spread of pathologies the following anatomical localisations of obstruc‐
tions exist: i) supraglottic, ii) glottic, iii) subglottic and iv) tracheal.

Figure 26. Laryngeal papillomatosis. View through the jet laryngoscope.
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If the glottis is not obstructed any form of jet ventilation can be applied. The narrower the
glottic space becomes because of a pathological process the more attention is to be applied to
the chosen jet ventilation.

In principle three options are available for jet ventilation with stenosis: i) the transcricoidal
punction – not usable in cases of long-stretched stenoses where the trachea is not to be local‐
ized, ii) the transoral infraglottic jet catheter – not to be inserted through high-grade stenoses and
iii) the jet laryngoscope – a supraglottic jet ventilation with jet gas emission above the glottic
area (Figure 27). The first and second techniques are in terms of the location of the jet nozzles
infraglottic jet ventilations.

Initially the application of the supraglottic jet ventilation was applied cautious in obstructive
pathologies but at an early stage the advantages in severe airway obstructions emphasized [90,
91]. It became apparent that the increasing ventilation pressure, measured at the tip of the
laryngoscope, behind an obstruction can not be higher than in front of it.

Therefore this technique is best suited for all kinds of to be expected difficult airway. However
absolute requirement is to place the jet laryngoscope ahead the expected obstruction.

If a stenosis is produced at the lung simulator in the level of the fictitious glottis immediately
ahead of the laryngoscope the following characteristics with regard to the tidal volumes are
observed (Figure 28).

Increasing of the working pressure of the device for both types of ventilation, the low- and
high-frequent jet, produces a sufficient respiratory tidal volume (blue columns).

With decrease of the compliance (0.05 l/mbar, red columns) the tidal volume without stenosis
is already low and decreases dramatically with increase of a stenosis, at the identical original
setting of the jet ventilator.

Figure 27. Schematical drawing of the supraglottic jet ventilation with a stenosis in front of the tip of the laryngo‐
scope.
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The increase of the working pressures of the ventilators succeeds in achievement of sufficient
tidal volumes even in 80 % stenosis (green column).

7.2. Computational fluid dynamic

In a jet laryngoscope a flow simulation with ANSYS fluent® was carried out. First, the creation
of a three-dimensional image of the jet laryngoscope with the preprocessor Gambit was
performed. This was followed by the definition of boundary conditions and input parameters
in the solver and the iterative calculation in fluent.

Figure 29. Distribution of pressure in the jet laryngoscope in case of a stenosis. Note the impact pressure in front of
the stenosis (Figures 29, 30). The pressure behind the stenosis is lower than the pressure before the stenosis.

Figure 28. Diagram of the respiratory tidal volume (ml) to be achieved by a supraglottic jet ventilation via a jet lar‐
yngoscope in a default setting on the lung simulator: with a narrowing of the cross section for ventilation, at first with‐
out stenosis (0 %, left), then with a 50 % stenosis (centre) and at last with a 80 % stenosis (right) all yellow columns.
The lung compliance was adjusted at 0.1 liter per millibar (l/mbar).
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Figure 30. Characteristics of pressure in front and behind the stenosis in the jet laryngoscope. Note the pressure be‐
fore the stenosis (left) and behind the stenosis (right).

These experimental results show that the pressure behind a stenosis is not higher than the
pressure in front of the stenosis.

This simulation of the gas flow at a stenosis at the tip of the endoscope shows in the case of a
reduction of the cross-section immediately in front of the tip of the endoscope the occurrence
of an impact pressure. This pressure increases continuously at the shock front up to the
stagnation point, but the velocity decreases. However the pressure behind the stenosis is lower
than ahead the stenosis.

The supraglottic jet ventilation via the jet laryngoscope guarantees even in high grade stenoses
(grade II-III according to RT Cotton [92] a sufficient ventilation. The development of a
barotrauma can be excluded like experimental results demonstrated. Only in stenosis grade
IV when in no way a lumen exists the SHFJV via a jet laryngoscope cannot be applied.

An essential advantage of this technique is that the surgeon has in these difficult situations an
absolutely free approach to the larynx and trachea. Because of the absence of inflammable
material laser is safe to applicate. The high gas flow avoids the smoke induced obstruction of
vision.

Parameter Setting

Inspiration time

Expiration time

Driving pressure

Ventilation frequency

Long-time

Short-time

High

High

Table 3. Setting of the respirator in stenosis and supraglottic jet ventilation.

Experimental results demonstrate if supraglottic jet ventilation is applicated the ventilation
pressure behind a stenosis cannot be higher than in front of a stenosis. The pressure measure‐
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Figure 30. Characteristics of pressure in front and behind the stenosis in the jet laryngoscope. Note the pressure be‐
fore the stenosis (left) and behind the stenosis (right).

These experimental results show that the pressure behind a stenosis is not higher than the
pressure in front of the stenosis.

This simulation of the gas flow at a stenosis at the tip of the endoscope shows in the case of a
reduction of the cross-section immediately in front of the tip of the endoscope the occurrence
of an impact pressure. This pressure increases continuously at the shock front up to the
stagnation point, but the velocity decreases. However the pressure behind the stenosis is lower
than ahead the stenosis.

The supraglottic jet ventilation via the jet laryngoscope guarantees even in high grade stenoses
(grade II-III according to RT Cotton [92] a sufficient ventilation. The development of a
barotrauma can be excluded like experimental results demonstrated. Only in stenosis grade
IV when in no way a lumen exists the SHFJV via a jet laryngoscope cannot be applied.

An essential advantage of this technique is that the surgeon has in these difficult situations an
absolutely free approach to the larynx and trachea. Because of the absence of inflammable
material laser is safe to applicate. The high gas flow avoids the smoke induced obstruction of
vision.

Parameter Setting

Inspiration time

Expiration time

Driving pressure

Ventilation frequency

Long-time

Short-time

High

High

Table 3. Setting of the respirator in stenosis and supraglottic jet ventilation.

Experimental results demonstrate if supraglottic jet ventilation is applicated the ventilation
pressure behind a stenosis cannot be higher than in front of a stenosis. The pressure measure‐
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ment at the tip of the endoscope allows the detection of elevated airway pressures. At the
ventilator a pressure limitation can be adjusted and the ventilation stops when the pressure
limit is reached. Clinical results with the absence of any complications caused by ventilation
confirm this. The supraglottic jet ventilation can be applied in severe high-grade stenoses [93]
(Figures 31, 32, 33). All these results are only valid for the type of supraglottic jet ventilation
where the jet nozzles are positioned in the proximal section of the jet laryngoscope and not at
the tip of the endoscope. Only in the case of grade IV stenosis after Cotton, in which no lumen
in the area of the larynx is more available, the SHFJV on the jet laryngoscope cannot be applied.

Figure 31. A severe subglottic stenosis: a jet-catheter (Hunsaker Mon®-Jet-Ventilation Tube, Medtronic Xomed® Inc.
Jacksonville USA) is placed through this stenosis. Although the visibility conditions are good, the working conditions
are difficult for the surgeon caused by the catheter.

Figure 32. Schematic drawing of a long-segment 90% laryngeal stenosis. The diameter of the stenosis was 3 mm. In
this clinical case, it was realizable to achieve a sufficiently ventilation. A transoral jet ventilation with a catheter would
not have been possible. The diameter of a jet catheter is more than 3 mm. In the case of transtracheal jet ventilation, it
would not have been possible to find the trachea in a simple way.
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Figure 33. Extended subglottic stenosis. The use of a jet catheter through the glottis would make the outflow of the
jet gas impossible.

8. Superimposed high-frequency jet ventilation (SHFJV) for
tracheobronchial stent insertion

Central airway obstruction is caused by lung cancer, esophageal carcinoma, thyroid carcino‐
ma, malignant lymphoma, and rather rare carcinoma of the larynx, trachea and hypopharynx.
If the airway constriction is not yet in the focus external-beam radiation therapy, endoluminal
brachytherapy and photodynamic therapy can be applied.

If curative treatment fails and progessive extended tumour growth infiltrates and advances
intraluminal or external compression the effective lumen of the airway becomes dramatically
narrow.

Palliative surgical tumour reduction methods are intraluminal laser ablation, electrocautery
or mechanical removal. This is followed by implantation of tracheal or bronchial stents for to
improve ventilation.

Indications for insertion of tracheobronchial stents are severe stridor and dyspnea in patients
with tracheobronchomalacia and extraluminal compression, intraluminal tumour growth and
tracheoesophageal fistulas. Airway stents have proved as best practical environmental option
to renew and to perpetuate airways in such patients with a serious central airway obstruction.

[94-97]. Endotracheal intervention can be performed under local anaesthesia by fiberoptical
bronchoscopy or under general anaesthesia using rigid bronchoscopy or supension laryngo‐
scopy [98]. From the consideraton of anaesthesia a conventional ventilation or jet ventilation
can be performed [99, 100].

Suspension laryngoscopy and jet ventilation offers an ideal setting with directly visual control
for the precise placement of tracheal and bifurcational airway stents [101].

Low-frequency jet ventilation provides adequate ventilation as well as a non obstructed field
during fibre optic bronchoscopy and stent insertion [102].
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jet gas impossible.
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ma, malignant lymphoma, and rather rare carcinoma of the larynx, trachea and hypopharynx.
If the airway constriction is not yet in the focus external-beam radiation therapy, endoluminal
brachytherapy and photodynamic therapy can be applied.

If curative treatment fails and progessive extended tumour growth infiltrates and advances
intraluminal or external compression the effective lumen of the airway becomes dramatically
narrow.

Palliative surgical tumour reduction methods are intraluminal laser ablation, electrocautery
or mechanical removal. This is followed by implantation of tracheal or bronchial stents for to
improve ventilation.

Indications for insertion of tracheobronchial stents are severe stridor and dyspnea in patients
with tracheobronchomalacia and extraluminal compression, intraluminal tumour growth and
tracheoesophageal fistulas. Airway stents have proved as best practical environmental option
to renew and to perpetuate airways in such patients with a serious central airway obstruction.

[94-97]. Endotracheal intervention can be performed under local anaesthesia by fiberoptical
bronchoscopy or under general anaesthesia using rigid bronchoscopy or supension laryngo‐
scopy [98]. From the consideraton of anaesthesia a conventional ventilation or jet ventilation
can be performed [99, 100].

Suspension laryngoscopy and jet ventilation offers an ideal setting with directly visual control
for the precise placement of tracheal and bifurcational airway stents [101].

Low-frequency jet ventilation provides adequate ventilation as well as a non obstructed field
during fibre optic bronchoscopy and stent insertion [102].
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Airway stent placement requires a combination of surgical techniques and skills with safety
and perpetuated ventilation during manipulation. The procedure is to be planned carefully, a
constant communication between the surgeon and anaesthesiologist is an indispensable
condition.

Stents are made from either metallic expandable prostheses or flexible silicone, with each type
having their special indications according to the requirements and are placed either temporary
or permanent.

Temporary Permanent

Decay of a post-stenotic pneumonia

Improvement of the overall condition

Stabilization of a tracheobronchomalcia

Pretherapeutic until radio/chemotherapy is effective.

Benig: long-segment stenosis

complicated injuries

functional inoperative patients

Malign: anatomical and functional inoperative patients

(lenghts of stenosis, tumour spread,

overall condition).

Table 4. Indication for temporary and permanent tracheobronchial stents.

8.1. Technique of stent implantation

Usually the stent implantation is carried out under general anaesthesia in most cases via a
bronchoscope under conventional ventilation or via a tracheoscope with the opportunity for
jet ventilation or with growing extent via a jet laryngoscope [101]. Even in severe tracheal
stenosis the jet ventilation is recommended [102, 103]. First at all inspection and then meas‐
urement of the stenosis is performed. If necessary a surgical debulking for the enlargement of
the tracheal lumen is made.

8.2. Anaesthetic management

During execution of these steps and the placement of the stent a continuous ventilation of the
patient is applied, preferential with jet ventilation [104] without phases of apnoea.

Often we really succeed to create a straight axis between the trachea and the jet laryngoscope
and under certain circumstances the view extends to the carina.

The advantage of jet ventilation especially via the jet laryngoscope is the continuous automat‐
ically ventilation and the operation area with no limitation of visibility. Ventilation is arranged
by an air/oxygen mixture applicated via the bronchoscope or the jet laryngoscope.

Through the jet laryngoscope or the rigid bronchoscope a simultaneous low- and high-
frequency jet ventilation is applicated.
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Anaesthesia is performed as totally intravenous, as hypnoticum propofol continuous, as short-
acting relaxant serves rocuronium as a bolus and as short-acting analgesic remifentanil. This
kind of anaesthesia has well proven in adults and children [105].

If the stent is to be positioned as a distal Y stent or a tube, it is essential to check that both limbs
are patient. The ventilation laryngoscope allows a lot of space for manipulation. Folding and
or creasing of a limb of a T or Y tube can disable ventilation with the need of emergent removal
of the stent. Additionally, when jet ventilation is used, a totally stent blockage can cause high
airway pressures with the risk of a tension pneumothorax. After the placement of a stent, the
laryngoscope is removed and the patient may awaken with mask ventilation.

At this moment all equipment and personnel should stay at call in the operating room until
the patient is completely awake and ready for transport.

If a stent reaches into the upper trachea, standard intubation in following anaesthesia should
be avoided, because this second endotracheal tube may adhere to the stent and remove it
during extubation.

8.3. Types of stents

Selfexpanding stents

Wallstent: small-meshed grating, self expanding, for extraluminal caused stenosis.

Gianturco-Z-stent: broad-meshed grating, for example for tracheobronchial malacia.

Silicone stents

For application various sizes and types can be adapted to the particular located situation
(Figures 34, 35, 36). Their application is descibed in numerous publications [106, 107]. That
includes also the Montgomery -T-tubes [108], the Dumona-Artemis-Stent and also the
Orlowski-stent [109] and also the Polyflex® stent is to be allocated to the silicone stents. In the
silicone grating polyester fibres are integrated. The application of all these stents can be done
under continuous jet ventilation.

Figure 34. Application of a Y-stent under guidance of two catheters (right and left main bronchus) under superim‐
posed high-frequency jet ventilation.
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Anaesthesia is performed as totally intravenous, as hypnoticum propofol continuous, as short-
acting relaxant serves rocuronium as a bolus and as short-acting analgesic remifentanil. This
kind of anaesthesia has well proven in adults and children [105].

If the stent is to be positioned as a distal Y stent or a tube, it is essential to check that both limbs
are patient. The ventilation laryngoscope allows a lot of space for manipulation. Folding and
or creasing of a limb of a T or Y tube can disable ventilation with the need of emergent removal
of the stent. Additionally, when jet ventilation is used, a totally stent blockage can cause high
airway pressures with the risk of a tension pneumothorax. After the placement of a stent, the
laryngoscope is removed and the patient may awaken with mask ventilation.

At this moment all equipment and personnel should stay at call in the operating room until
the patient is completely awake and ready for transport.

If a stent reaches into the upper trachea, standard intubation in following anaesthesia should
be avoided, because this second endotracheal tube may adhere to the stent and remove it
during extubation.

8.3. Types of stents

Selfexpanding stents

Wallstent: small-meshed grating, self expanding, for extraluminal caused stenosis.

Gianturco-Z-stent: broad-meshed grating, for example for tracheobronchial malacia.

Silicone stents

For application various sizes and types can be adapted to the particular located situation
(Figures 34, 35, 36). Their application is descibed in numerous publications [106, 107]. That
includes also the Montgomery -T-tubes [108], the Dumona-Artemis-Stent and also the
Orlowski-stent [109] and also the Polyflex® stent is to be allocated to the silicone stents. In the
silicone grating polyester fibres are integrated. The application of all these stents can be done
under continuous jet ventilation.

Figure 34. Application of a Y-stent under guidance of two catheters (right and left main bronchus) under superim‐
posed high-frequency jet ventilation.
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Figure 36. A typical T-tube according Montgomery in correct position.

The T-tube according Montgomery serves to bridge tracheal stenoses in the presence of a
tracheotomy.

Polyflex®-Stent

The application of a Polyflex® stent is made with a special application system (Fa. Rüsch®). The
stent is produced from silicone with a polyester meshwork and is X-ray shadow giving. The
Polyflex® stent includes a stent loader with an insertion tube (Figures 37, 38). Suitable stent
dimensions are: diameter: 8-22 mm; length: 2-8 cm.

The most frequently and dangerous complications of anaesthesia (SHFJV) and surgery for
patients with airway pathology and stent insertion are listed in Table 5. Bleeding can occur
from the underlying pathology or manipulation of the laryngoscope or when tissue is ablated
(e.g. by laser). If bleeding originates from friable tissue a significant compromise of ventilation
results. Then rapid suction is as necessary as the control of bleeding which reqires a variety of
interventions, including epinephrine solution, tamponade with a bronchoscope or balloon-

Figure 35. Various forms of silicone stents to be inserted according the respective local anatomical situation. From W.
Klepetko et al. Endoluminal Stenting of the Tracheobronchial System. Acta Chirurgica Austriaca 1991;23(3)124-129
[11] with friendly permission of Springer Verlag, Vienna-New York.
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Figure 37. Polyflex®-stent in regular size (left) and after potential expansion with the stent-loader (right). The stent
loader can be placed through each jet laryngoscope.

Figure 38. Application of a Polyflex® stent with a stent loader under superimposed jet ventilation. The patient is venti‐
lated continuously by the jet laryngoscope. The stent loader can be adapted and placed into the trachea passing the
jet laryngoscope.

Figure 39. Tracheal stent (Polyflex®-stent) in the trachea.
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Figure 36. A typical T-tube according Montgomery in correct position.

The T-tube according Montgomery serves to bridge tracheal stenoses in the presence of a
tracheotomy.

Polyflex®-Stent

The application of a Polyflex® stent is made with a special application system (Fa. Rüsch®). The
stent is produced from silicone with a polyester meshwork and is X-ray shadow giving. The
Polyflex® stent includes a stent loader with an insertion tube (Figures 37, 38). Suitable stent
dimensions are: diameter: 8-22 mm; length: 2-8 cm.

The most frequently and dangerous complications of anaesthesia (SHFJV) and surgery for
patients with airway pathology and stent insertion are listed in Table 5. Bleeding can occur
from the underlying pathology or manipulation of the laryngoscope or when tissue is ablated
(e.g. by laser). If bleeding originates from friable tissue a significant compromise of ventilation
results. Then rapid suction is as necessary as the control of bleeding which reqires a variety of
interventions, including epinephrine solution, tamponade with a bronchoscope or balloon-

Figure 35. Various forms of silicone stents to be inserted according the respective local anatomical situation. From W.
Klepetko et al. Endoluminal Stenting of the Tracheobronchial System. Acta Chirurgica Austriaca 1991;23(3)124-129
[11] with friendly permission of Springer Verlag, Vienna-New York.
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Figure 37. Polyflex®-stent in regular size (left) and after potential expansion with the stent-loader (right). The stent
loader can be placed through each jet laryngoscope.

Figure 38. Application of a Polyflex® stent with a stent loader under superimposed jet ventilation. The patient is venti‐
lated continuously by the jet laryngoscope. The stent loader can be adapted and placed into the trachea passing the
jet laryngoscope.

Figure 39. Tracheal stent (Polyflex®-stent) in the trachea.
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tipped catheter. Pieces of necrotic or fragmentary tissue as well as clots from bleeding can block
the distal airway. SHFJF is not be to be interrupted when they are removed. Airway perforation
can be caused by the manipulation at the walls of the trachea or bronchii when the stent is
inserted, a subcutaneous emphysema results. An injury of the inner larynx, especially the vocal
chords, happens prevalently when difficulties of insertion of the laryngosope tube occur and
is rarely severe.

A barotauma occurs suddenly when a mass causes a ball-valve effect or in a distal airway the
route of air exit is blocked by a mass and the air pushed behind causes a tension pneumothorax.
Typical signs are absence of chest excursion, sudden tachycardia and hypotension. A rapid
decompression to prevent a cardiavascular collapse is essential.

The occurrence of inadequate oxygenation and ventilation are always to be observed and this
is best to be done by strictly attention to a loud pulsoxymeter which allows quickly an adequate
reaction and correction.

Complications of tracheobronchial stent insertion

Acute complications

Bleeding

Occlusion

Perforation

Vocal chord injury

Subcutaneous emphysema

Pneumothorax

Hypoxaemia

Hypercapnia

Long-term complications

Displacement of the stent

Granulation tissue

Mucosa impaction of the stent

Oesophagotracheal fistula

Table 5. Complications of tracheobronchial stent insertion.

The application of the described stents like silicone stents, wall stents and Polyflex® stents via
the jet laryngoscope enables the surgeon due to the excellent field conditions a fast and safe
intervention (Figure 39). The anaesthesiologist takes care of an unproblematic ventilation. A
ventilation caused barotrauma under supraglottic jet ventilation did not occur in any case at
our department. Inside the jet laryngoscope a continuous ventilation pressure measurement
with pressure limitation under connection to the respirator is conducted.

9. High-frequency ventilation techniques in adult respiratory distress
syndrom (ARDS)

The high frequency ventilation is characterized as a type of artificial respiration where low tidal
volume is applicated with a hyper-physiological frequency. Different types of high-frequency
jet ventilations were developed and used in the last 30 years [110]. From the numerous potential
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applicable types of high-frequency ventilations like High-Frequency-Pulsation (HFP), Forced
Diffusion Ventilation (FDV) [111, 112] and High Frequency Jet Ventilator (HFJV) only the High
Frequency Positive Pressure Ventilation (HFPP), the High Frequency Jet Ventilation (HFJ), the
High Frequency Oscillation (HFO) and combined high-frequency ventilation techniques became
widely accepted and are used in clinical field (Table 7).

9.1. Theoretical advantages of the high-frequency ventilation

From the aspect of a lung protective ventilation with the option to reduce the end-inspiratory
lung volume the risk of ventilation-induced damage of lungs [113] when conventional
ventilation is performed should be reduced by the high- frequency ventilation.

However higher end-exspiratory lung volumes can be applied [114]. Simultaneously these
tidal volumes are transferred with only marginally pressure variations at a higher frequency
and thus the average airway pressure is to be kept at a higher level as it is in conventional
ventilation. The high average airway pressure seems to optimize the end-exspiratory lung
volume and is protective against the periodic collapse and therefore also avoiding an atalectatic
trauma. The perfect mode of application of high-frequency ventilation should permit lung
recruitment manoeuvre and thereby shifting the lung under optimizing of the compliance and
oxygenation to the exspiratory arm of the pressure/volume relationship. The opened lung is
ventilated then with small-sized tidal volumes and slight fluctuation of pressure. This results
also in a diminished alveolar distension and a reduced collapse of alveolar tissue. In an
experimental laboratory animal study the high-frequency oscillation shows in comparison to
a lung protective conventional ventilation an attenuation of activation of alveolar macrophages
and neutrophils in lung injury [115].

Clinical indications for high frequency ventilation
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9.2. High-frequency oscillatory ventilation (HFO)

Lunkenheimer and co-workers observed already 1994 [116] that normocapnea can be achieved
when small gas volumes rates are applicated into the airway of animals with a ventilation
frequency of more than 40 Hertz. Using a piston pump sinus-like variations of pressure are
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tipped catheter. Pieces of necrotic or fragmentary tissue as well as clots from bleeding can block
the distal airway. SHFJF is not be to be interrupted when they are removed. Airway perforation
can be caused by the manipulation at the walls of the trachea or bronchii when the stent is
inserted, a subcutaneous emphysema results. An injury of the inner larynx, especially the vocal
chords, happens prevalently when difficulties of insertion of the laryngosope tube occur and
is rarely severe.

A barotauma occurs suddenly when a mass causes a ball-valve effect or in a distal airway the
route of air exit is blocked by a mass and the air pushed behind causes a tension pneumothorax.
Typical signs are absence of chest excursion, sudden tachycardia and hypotension. A rapid
decompression to prevent a cardiavascular collapse is essential.

The occurrence of inadequate oxygenation and ventilation are always to be observed and this
is best to be done by strictly attention to a loud pulsoxymeter which allows quickly an adequate
reaction and correction.

Complications of tracheobronchial stent insertion

Acute complications

Bleeding

Occlusion

Perforation

Vocal chord injury

Subcutaneous emphysema

Pneumothorax

Hypoxaemia

Hypercapnia

Long-term complications

Displacement of the stent

Granulation tissue

Mucosa impaction of the stent

Oesophagotracheal fistula

Table 5. Complications of tracheobronchial stent insertion.

The application of the described stents like silicone stents, wall stents and Polyflex® stents via
the jet laryngoscope enables the surgeon due to the excellent field conditions a fast and safe
intervention (Figure 39). The anaesthesiologist takes care of an unproblematic ventilation. A
ventilation caused barotrauma under supraglottic jet ventilation did not occur in any case at
our department. Inside the jet laryngoscope a continuous ventilation pressure measurement
with pressure limitation under connection to the respirator is conducted.

9. High-frequency ventilation techniques in adult respiratory distress
syndrom (ARDS)

The high frequency ventilation is characterized as a type of artificial respiration where low tidal
volume is applicated with a hyper-physiological frequency. Different types of high-frequency
jet ventilations were developed and used in the last 30 years [110]. From the numerous potential

Endoscopy184

applicable types of high-frequency ventilations like High-Frequency-Pulsation (HFP), Forced
Diffusion Ventilation (FDV) [111, 112] and High Frequency Jet Ventilator (HFJV) only the High
Frequency Positive Pressure Ventilation (HFPP), the High Frequency Jet Ventilation (HFJ), the
High Frequency Oscillation (HFO) and combined high-frequency ventilation techniques became
widely accepted and are used in clinical field (Table 7).

9.1. Theoretical advantages of the high-frequency ventilation

From the aspect of a lung protective ventilation with the option to reduce the end-inspiratory
lung volume the risk of ventilation-induced damage of lungs [113] when conventional
ventilation is performed should be reduced by the high- frequency ventilation.

However higher end-exspiratory lung volumes can be applied [114]. Simultaneously these
tidal volumes are transferred with only marginally pressure variations at a higher frequency
and thus the average airway pressure is to be kept at a higher level as it is in conventional
ventilation. The high average airway pressure seems to optimize the end-exspiratory lung
volume and is protective against the periodic collapse and therefore also avoiding an atalectatic
trauma. The perfect mode of application of high-frequency ventilation should permit lung
recruitment manoeuvre and thereby shifting the lung under optimizing of the compliance and
oxygenation to the exspiratory arm of the pressure/volume relationship. The opened lung is
ventilated then with small-sized tidal volumes and slight fluctuation of pressure. This results
also in a diminished alveolar distension and a reduced collapse of alveolar tissue. In an
experimental laboratory animal study the high-frequency oscillation shows in comparison to
a lung protective conventional ventilation an attenuation of activation of alveolar macrophages
and neutrophils in lung injury [115].

Clinical indications for high frequency ventilation

Bronchopulmonary fistula

All types of pulmonary reduction of ventilation with no improvement under conventional ventilation therapy

Atalectasis

Pneumonia

Acute lung insuffiency (ALI)

Adult respiratory distress syndrome (ARDS)

Inhalation injury

Table 6. Clinical indications for high-frequency ventilation in adult distress syndrom (ARDS).

9.2. High-frequency oscillatory ventilation (HFO)

Lunkenheimer and co-workers observed already 1994 [116] that normocapnea can be achieved
when small gas volumes rates are applicated into the airway of animals with a ventilation
frequency of more than 40 Hertz. Using a piston pump sinus-like variations of pressure are

Endoscopy of Larynx and Trachea with Rigid Laryngo-Tracheoscopes Under Superimposed High-Frequency…
http://dx.doi.org/10.5772/52996

185



produced and directed to into the lungs (Figure 40). An auxiliary flow of gas (bias-flow) crosses
the oscillating gas flow to provide fresh gases. This was followed by the application and further
developments of the high frequency oscillation with numerous clinical applications. Although
the high frequency oscillation has established in paediatrics it could not be implemented in
adults with ARDS because of limited elimination of CO2. With the improvement of the
technical devices this problem of CO2 elimination could be resolved.

High-frequency oscillation differs from high-frequency jet ventilation by the fact that in
addition to the inspiration the expiration is also active, the tidal volume is less.

The frequencies could be higher, however, they are today similar to the jet ventilation usually
under 10 Hz. Recently the interest in the high-frequency oscillation has risen again especially
for the acute respiratory distress syndrome. The high-frequency pressure oscillations allow
the use of a high mean airway pressure to achieve a recruitment of atalectatic lung tissue. At
the same time the high mean airway pressure prevents a collapse of lung tissue and high peak
airway pressure during inspiration can be avoided.

Different mechanisms of gas transport have been described, like: direct alveolar ventilation in
the lung units situated near the airway opening, bulk convective mixing in the conducting
convective transport of gases as a result of the asymmetry between inspiratory and expiratory
velocity profiles, longitudinal dispersion caused by the interaction between axial velocities
and radial transports due to turbulent eddies, molecular diffusion near the alveolo-capillary
membrane [117].

Figure 40. A piston pump puts an oscillation membrane in vibration.
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9.3. Parameters to be adjusted on the apparatus for high frequency oscillatory ventilation
(Figure 41)

Oscillations frequency

3-15 f = Hz

Inspiratory time (I:E) of the pulsation (a single breath cyclus) in %:

33-50%

Mean airway pressure (MAP - Paw = PEEP – post end-expiratory pressure):

3-55 cm H2O

Oscillation pressure –amplitude –delta P:

up to 10 cm H2O

Bias flow:

0-60L/min

Figure 41. Parameters to be adjusted on the apparatus for high-frequency oscillatory ventilation.

9.4. Combined high-frequency ventilation (CHFJV)

At the first time in 1983 El-Baz et al. introduced the Combined High Frequency Ventilation
Technique [118]. Two types of high-frequency ventilation (HFPPV and HFO) were combined.

At a basic frequency of 60 breaths per minute high-frequent gas pulses up to 3000 were
superimposed. Further developments combined different types of high frequency ventilation.
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The application of an additive, mostly conventional breath with an enlarged tidal volume
enables the enhancement of CO2 elimination. A disadvantage is the usually need of combina‐
tion of two devices.

Author Frequency (LF/HF) Mode (Combination)

El Baz et al. [118]

Yeston et al. [119]

Keszler et al. [120]

Boynton et al. [121]

Barzilay et al. [122]

Borg et al. [123]

Jousela et al. [124]

60/3000

2/250

5-7/200

5-10/1200

1-5/130-170

15-20/900-1200

15/360

HFPPV HFO

IMV HFO

IMV HFJV

IMV HFO

IMV HFPPV

PCV HFO

CMV HFV

Table 7. Authors and their use of combinations of predominately conventional types of ventilation with different
high-frequency ventilation techniques. HFPPP… High-Frequency Positive Pressure Ventilation; HFO… High-Frequency
Oscillation; IMV… (Intermittend mandatory Ventilation); HFJV… High- Frequency Jet Ventilation; PCV… (Pressure
Controlled Ventilation); CMV… (Controlled Mechanical Ventilation); HFV… (High-Frequency Ventilation).

9.5. High-frequency percussive ventilation

Can be considered as a special type of the combined high-frequency ventilation. The high-
frequency jet pulse produced by the respirator are superimposed by a apparently conventional
pressure controlled higher pressure plateau. A pulsatile jet ventilation with two different high
pressure plateaus is generated by only one respirator (Figure 42).

Figure 42. Characteristics of pressure and flow during ventilation with the VDR-4 ventilator. Peak airway pressure: 21
cm/H2O; PEEP: 9 cm/H2O; low-frequency: 12 cycles/min; high-frequency 500 cycles/min; inspiration:exspiration ratio
= 1:2.

Phasitron® (Percussionaire® Corporation, Sandpoint, Idaho, USA)
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The gas delivered by the respirator is first transmitted to the so-called Phasitron® (Figure 43)
where its augmentation of volume, humidification and warming takes place.

The mobile Venturi-body in the Phasitron® is moved forward in the inspiratory phase. This
causes a closure of the expiratory aperture and now warmed-up and moisturized air is sucked
in by the jet effect.

This prepared column of air lying in front of the Phasitron® is now applied to the lung according
to the jet frequency.

a) 

b) 

Figure 43. Phasitron®: movement of the Venturi-body during a) inspiration an b) exspiration. During the inspiration
moistened and warmed air is drawn in by the entrainment port. During the exspiration the entrainment port is closed.

9.6. Clinical experiences with high-frequency ventilation

9.6.1. High-frequency oscillatory ventilation

The high-frequency oscillatory ventilation is recently moved in the centre of interest especially
for application at the acute lung failure [125]. However bronchopulmonal fistulas are indica‐
tions for this method [126] and from the theoretical point of view for all purposes of lung
protection. Without controversy high-frequency oscillatory ventilation is applied in paediatric
intensive care since a longer period and has become a routine method.
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The best references for their indicated application at ARDS results from two prospective
studies [127, 128] and a retrospective clinical trial with application of high-frequency oscilla‐
tion in combination with a recruitment manoeuvre [129], all showing significantly increase of
oxygenation in comparison to conventional ventilation.

9.6.2. Combined high-frequency jet ventilation (CHFJV)

The use of the conventional part of ventilation with low ventilation frequencies with conven‐
tional PEEP but higher volume tides guarantees a sufficient CO2 elimination.

A high-frequent ventilation mode superimposes the conventional mode. Predominantly the
oxygenation is enhanced by the high-frequent pulsatile fraction of ventilation.

9.6.3. High-frequency percussive ventilation

In literature concerning the implementation of the high-frequency percussive ventilation in
patients with acute lung failure was reduced over a long period to paediatric and adult. More
descriptions exist about successful application in patients with ARDS, after inhalation trauma
and taumata [130]. In paediatric patient polpulation with an inhalation trauma a lower rate of
infection and mortality could be observed. Surprisingly a greater extent of departments apply
the high-frequency percussive ventilation in clinical use even though they do not publizise
their results.

9.6.4. High-frequency jet ventilation

The high-frequency jet ventilation has become widely accepted in operative interventions in
the larynx and trachea. Optimal working conditions with best view for the surgeons are
achieved under the application of thin jet catheter and the absence of an endotracheal tube.

Application of high-frequency ventilation in intensive care units in premature patients with
respiratory distress syndrome and interstitial pulmonary emphysema is a safe procedure and
dimishes peak pressures. In relation to the outcome and mortality from the high-frequenecy
jet ventilation did not derive a benefit in comparison to conventional ventilation.

The exclusive application of high-frequency jet ventilation in adults did not prevail. Usually
is is applicated as combined high-frequency jet ventilation in cases when the conventional
ventilation fails. The literature refers only about case reports or not randomized trials with few
cases. However it demonstrates that these ventilation techniques are in use, although expen‐
sive, safe in application with a high potential to increase the oxygenation.

9.6.5. Superimposed high-frequency jet-ventilation (SHFJV)

SHFJV is a special type of combined high-frequency ventilation. A respirator produces a low-
frequent jet ventilation with a higher pressure level. Simultaneously a superposition with a
high-frequent jet ventilation takes place which ensures for itself alone a lower plateau of
pressure analogous a positive end-expiraratory pressure (PEEP). Only one respirator generates
these two plateaus of pressure. This ventilation technique is primarily used in the operative
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area of otorinolaryngology, but this Ventilation can be applied also due to ventilation techni‐
que of the respirator in the intensive care unit. So we could show in a clinical study [131] that
this ventilation technique can lead to a quicker recruitment of the lungs in patients with a
respiratory insuffiency. However, further studies are necessary to make more precise and
definitive statements.

9.6.6. Potential effects of high-frequent ventilation techniques

First clinical results show that under high-frequency ventilation potentially a fast recruitment
of dependent areas of the lung occurs without a simultaneous massive overexpansion of non-
dependent areas of the lungs. It is conceivable that the under high-frequency ventilation
observed enhanced gas exchange is not so much to be explained by mechanism of increasing
diffusion but by pulsatile mechanism leading to a fast recruitment of lung tissue.
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1. Introduction

1.1. Lung cancer – Stadialization

Lung cancer is responsible for 1.3 million deaths worldwide annually, and it is the most
common cause of cancer-related death in men and the second most common in women.
Lung cancer staging is the assessment of the degree to which a lung cancer has spread from
its original source. As with most cancers, for lung cancer staging is of paramount impor‐
tance for the treatment planning process and prognosis. Two primary methods of lung can‐
cer staging are available: clinical staging and pathologic staging. In clinical staging,
information is provided by noninvasive or minimally invasive techniques, such as physical
examination, radiologic examination, endoscopic ultrasound, bronchoscopy, mediastinosco‐
py, and thoracoscopy. In pathologic staging, information obtained from clinical staging is
combined with findings from both the invasive surgical procedure and the pathologic evalu‐
ation of excised tissue. Clinical staging is important and can help to determine the next ap‐
propriate step in therapy, such as the decision to proceed with pathologic staging, which
remains the reference standard because the overall level of agreement between the two sys‐
tems only ranges from 35% to 55% [1].

Definition of the stage is an essential part of the approach to patients with lung cancer, and
it has led to the development of a universally accepted stage classification systems for most
tumors. The Union Internationale Contre le Cancer (UICC) and the American Joint Commit‐
tee on Cancer (AJCC) periodically define, review, and refine the stage classification systems.
Nearly half of all patients with lung cancer have mediastinal disease at diagnosis, and this
implies metastases to ipsilateral or subcarinal nodes (N2) that are classified as stage IIIA dis‐
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ease. Management of stage IIIA disease is more controversial, but many centers treat it with
radiation and chemotherapy, with surgery performed under investigational protocols. Di‐
rect mediastinal invasion (T4) or metastasis to contralateral mediastinal nodes (N3) is classi‐
fied as stage IIIB disease. The 5-year survival rate in this case is at best 5%, and patients are
generally offered treatment with chemoradiotherapy without surgery.

The previous tumor, node, and metastasis (TNM) classification, the sixth edition of the TNM
Classification of Malignant Tumors, was published in 2002. The last revision of the staging
system for lung cancer has been presented by Dr. Clifton Mountain in 1997 [2], after his pro‐
posal had been adopted in 1973 by the AJCC in the same year and by the UICC in 1974, and
this revision remained unaltered on the 2002 manual [3]. The 1973 original system was
based on a database of 2,155 patients from the MD Anderson Cancer Center in Houston, TX.
Subsequent revisions of the TNM staging system continued to be based on this database,
which grew to include 5,319 cases at the time the lung cancer staging system was revised in
1997 and it was also validated by Dr. Naruke from Japan in 2001. Mountain’s revision was
based on a relatively small population of patients who underwent surgical treatment in a
single geographic area, and no validation was presented to justify the individual descriptors
[4]. In order to overcome the limitations of the sixth TNM classification, the International
Association for the Study of Lung Cancer (IASLC) launched the Lung Cancer Staging
Project in 1996, and in 1998 created an International Staging Committee (ISC) of multidisci‐
plinary members to conduct revisions [5]. Changes to the sixth edition were proposed by the
IASLC based on an international collection and review of 100,869 patients from 46 sources of
20 countries. Data were drawn from lung cancer cases treated by all modalities between
1990 and 2000. After exclusion of ineligible cases, 81,015 patients (67,725 NSCLC and 13,290
SCLC) remained for investigation [6]. Proposals for revision were submitted to the AJCC
and UICC for consideration in the new edition of the staging manual, the 7th, and both ac‐
cepted the recommendations. In the last months of 2009, the Seventh Edition of the TNM
Classification of Malignant Tumors was published, with a new lung cancer staging system.
The new edition took effect on January 1, 2010 [7].

The changes recommended by the IASLC for the 7th edition of TNM classification for lung
cancer were based on differences in survival [8], and the results of the data analysis were
internally and externally validated [9]. These changes include new T and M definitions and
consequent new stage groupings, a new lymph node map, a novel definition on pleural in‐
vasion, as well as recommendations to apply the TNM system to broncho-pulmonary carci‐
noid tumors and SCLC.

The  success  story  of  EBUS-TBNA starts  in  2003  with  a  publication  in  Thorax  by  Mark
Krasnik and Peter Vilmann from Gentofte University Hospital, Denmark [10]. This article
gave the first description of the principle of EBUS-TBNA. In the same journal, in 2006, the
same group, together with a group from the Thoraxklinik in Heidelberg and Harvad Med‐
ical School’s Beth Israel Deaconess MC, published their study on 502 patients that showed
that EBUS-TBNA resulted in 93% diagnostic yield, a sensitivity of 94%, specificity of 100%
and  accuracy  94%,  with  PPV  at  100%  and  NPV  at  11%  [11].  In  2006,  an  international
EBUS-TBNA focus group was formed by Felix J.F. Herth (Copenhagen), Kazuhiro Yasufu‐
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ku (Chiba),  Robert Rintoul (Cambridge) and Armin Ernst (Boston) that published in the
Journal  of  Bronchology a  description of  how to  do an EBUS-TBNA thus  offering a  de‐
tailed description of  local  lymph node position and orientation within the mediastinum
[12]. EBUS-TBNA has been studied and compared also in relation with existing modalities
like EUS –FNA (by Vilmann et al. in 2005 on 33 pts. and by Herth et al. in 2005 on 160
pts.), PET-CT (by Yasufuku et al. in 2006 on 102 pts.), classical TBNA and EUS-FNA (by
Wallace et al. in 2008 on 138 pts.).

EBUS-TBNA was proven in 2007 by Wong and Yasufuku et al. on 65 patients to be a safe
method allowing a high yield also for the diagnosis of sarcoidosis [13].

It soon became widely accepted that EBUS-TBNA is a reliable diagnostic tool for enlarged
lymph nodes in patients with NSCLC and that lymph nodes below the one centimeter range
could also be sampled. This led to a study with 100 patients published in 2006 in European
Respiratory Journal [14] that showed that every sixth patient with no evidence of mediasti‐
nal disease on CT was diagnosed positive using EBUS-TBNA. Thus, EBUS-TBNA showed
potential to avoid unnecessary exploratory thoracoscopies. Following the same idea, in 2008
Hwangbo et al. showed that in cases with both CT- and PET-negative and –positive scans,
EBUS-TBNA is an excellent tool for detecting mediastinal metastasis, thereby confirming
that EBUS-TBNA is an effective invasive method following CT and PET scanning [15].

In the same year, Armin Ernst et al. showed in Journal of Thoracic Oncology on 66 patients
that EBUS-TBNA can have a superior yield compared to cervical mediastinoscopy, which
intuitively suggested that mediastinoscopy is not necessarily of additional diagnostic benefit
in evaluating negative EBUS-TBNA staged lymph nodes [16]. However, mediastinoscopy
has an important role especially in operable patients with non-enlarged lymph nodes for as‐
sessing local mediastinal invasion and the exclusion of metastatic disease.

Herth et al. evaluated EBUS-TBNA for re-staging in 124 patients with tissue-proven IIIA-N2
disease after induction chemotherapy (Journal of Clinical Oncology 2008) and concluded
that EBUS-TBNA is a valuable and practical tool for re-staging with a sensitivity of 76%,
specificity of 100%, PPV of 100%, NPV of 20% and diagnostic accuracy of 77% [17]. These
results imply that a negative EBUS-TBNA for re-staging should be surgically re-staged.

In 2006, the compatibility between EBUS-TBNA and the Aloka Prosound alpha5 ultrasound
processor made additional Doppler modes available, and this led to a consecutive study by
Herth et al. on 89 patients that described changes in flow resistance parameters (resistance
index by Pourcelot) in malignant lymph nodes [18].

Yasufuku et al. from Chiba University have shown great dedication to evaluating the ben‐
efits of EBUS-TBNA samples for immunohistochemical analysis and reported encouraging
results  with  cell  cycle-related  proteins  in  chemotherapy  patients  in  Thorax  2008,  and  a
year  earlier  in  Chest  the  same  group  showed  that  epidermal  growth  factor  receptor
(EGFR)  mutation  can  be  easily  detected  in  metastatic  lymph  node  samples  for  EBUS-
TBNA and so the samples gained by EBUS-TBNA allowed genetic evaluations of tumour
cells from lymph nodes [19, 20].
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In 2009 Tournoy et al. provided a detailed analysis of endosonographic landmarks (where
available), describing the anatomic borders of the lymph node stations as defined in the 7th
edition of the IASLC’s TNM-staging nomenclature, which is relevant for correctly staging
patients with lung cancer [21].

Building on the strong results of combined EUS-FNA and EBUS-TBNA procedures – a study
published by Vilman et al. in 2005 had already indicated their complementary nature – An‐
nema et al. challenged in 2010 the pre-dominant surgical staging algorithm by comparing
the combined EBUS-TBNA and EUS-TNA with surgical staging alone [22] and showed that
combining endosonographic and surgical staging resulted in greater sensitivity for mediasti‐
nal nodal metastases and fewer unnecessary thoracotomies. These results indicated that the
combination of both procedures may be able to replace surgical stages as the primary stag‐
ing method for patients with lung cancer.

Instead of using different scopes for EBUS-TBNA and EUS-TNA, two separate studies pub‐
lished in Chest in 2010 by Hwangbo et al. and Herth et al. [23] used only one bronchoscope
for both procedures, starting via the trachea and continuing via the oesophageal route. They
came to the conclusion that EBUS-TBNA and EUS-TNA are complementary methods and
showed that both procedures can be performed with a single EBUS echoendoscope in one
sitting by one operator. A further study in 2011, “Nonsurgical staging of the mediastinum:
EBUS and EUS” conducted by Herth, stated that the combination of both procedures ach‐
ieves a complete and accurate mediastinal staging. Therefore it can be expected that the im‐
plementation of combined EBUS-TBNA and EUS-FNA will reduce the need for surgical
staging of lung cancer significantly [24].

The summary of scientific studies on EBUS-TBNA provided about clearly shows the proce‐
dure’s power in helping to improve mediastinal staging of lung cancer during the past 10
years. The technological development of less invasive staging and sampling devices contin‐
ues endoscopists using endosonography, we can expect further exciting developments in
clinical practice in the years to come.

Endobronchial ultrasound with real-time-guided transbronchial fine-needle aspiration
(EBUS-TBNA) is a minimally invasive outpatient procedure by which mediastinal [25] and
hilar lymph nodes [26] as well as centrally located primary lung lesions [27] can be visual‐
ised and sampled under ultrasound guidance. In a systematic review, EBUS-TBNA has
shown a pooled sensitivity of 93% in the staging of non-small-cell lung cancer. In a direct
comparison with surgical staging, EBUS-TBNA even showed to be superior [28]. Therefore,
EBUS-TBNA has been adopted in the most recent lung cancer staging guidelines as a mini‐
mally invasive alternative to surgical staging [29]

EBUS-TBNA is an accurate, minimally invasive and safe staging procedure and can be con‐
sidered the procedure of choice for patients with extrathoracic malignancies in whom hilar
or mediastinal lesions are observed. In patients with (concurrent or previously treated) ex‐
trathoracic malignancy, EBUS-TBNA has a sensitivity of 85% to demonstrate metastatic
spread. Implementation of EBUS-TBNA in these patients obviates invasive surgical diagnos‐
tic procedures in 61%. [30, 31]
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The development and introduction of the new convex probe endobronchial ultrasound (CP-
EBUS) that performs endobronchial ultrasound-guided transbronchial needle aspiration has
changed the practice of bronchoscopic biopsy of the mediastinum in respiratory diseases. In
particular, the role of EBUS-TBNA in the diagnosis and mediastinal lymph node staging of
lung cancer, the leading cause of death from malignant disease worldwide [32], is becoming
an interest to pulmonologists as well as thoracic surgeons. The newest CP-EBUS now being
used in clinical practice is a hybrid bronchofibervideoscope which features a unique optical
system that exploits both video and fiber-optic technologies (BFUC160F- OL8, Olympus, To‐
kyo, Japan). This CP-EBUS is a linear curved array transducer that scans parallel to the in‐
sertion direction of the bronchoscope. Images can be obtained by directly contacting the
probe or by attaching a balloon on the tip and inflating with saline (Figure 1). The outer di‐
ameter of the insertion tube of the CP-EBUS is 6.2 mm, and that of the tip is 6.9 mm. The
angle of view is 80º and the direction of view is 35º forward oblique [33].

Figure 1. Tip of the new convex probe endobronchial ultrasound (CP-EBUS, BF-UC160FOL8, Olympus, Tokyo, Japan).
The outer diameter of the insertion tube of the flexible bronchoscope is 6.2 mm. CP-EBUS has a linear curved array
ultrasonic transducer of 7.5 MHz. The balloon attached to the tip of the bronchoscope is inflated with normal saline
(A). The dedicated TBNA needle is inserted through the working channel (B) [33].

The built-in CCD in the control section allows sharp images similar to those of regular vid‐
eoscopes and allows a slimmer insertion tube of 6.2 mm. The ultrasound images can be fro‐
zen and the size of lesions can be measured in two dimensions by the placement of cursors.
It is also equipped with the Color Power Doppler mode. The display range covers 2–24 cm
(Figure 2).

Figure 2. The convex probe endobronchial ultrasound (CP-EBUS, BF-UC160F-OL8, Olympus, Tokyo, Japan) and The
dedicated ultrasound processor (EU-C60/EU-C2000, Olympus, Tokyo, Japan) [33].
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The dedicated 22-gauge needle is used for EBUS-TBNA (Figure 3). The needle is a single use
aspiration needle with echogenic dimpled tip design to improve visibility on ultrasound im‐
ages. This needle has various adjuster knobs which work as a safety device to prevent dam‐
age to the channel. The maximum extruding stroke is 40 mm and to prevent excessive
protrusion, a safety mechanism stops the needle at the stroke of 20 mm. The needle is attach‐
ed onto the working channel of the bronchoscope which allows the operator to actually per‐
form EBUS-TBNA. The needle is also equipped with an internal sheath which is withdrawn
after passing the bronchial wall, avoiding contamination during TBNA. This internal sheath
is also used to clear out the tip of the needle after passing the bronchial wall. The use of this
sheath has significantly increased the yield of EBUS-TBNA. The exit of the needle is at 20°
with respect to the outer covering of the insertion tube. The needle can be visualized
through the optics and on the ultrasound image [33].

Figure 3. A Dedicated 22-gauge needle (NA-201SX-4022, Olympus, Tokyo, Japan) and the Vaclok syringe used to cre‐
ate negative pressure. B The needle attached to the working channel of the EBUS-TBNA bronchoscope. The maximum
extruding stroke is 40 mm and to prevent excessive protrusion, a safety mechanism stops the needle at the stroke of
20 mm [33].

Mediastinal staging can be divided into noninvasive staging (imaging) and invasive (sam‐
pling) staging. Computed tomography (CT), magnetic resonance imaging (MRI), positron
emission tomography (PET) and PET-CT are used for noninvasive imaging [34]. Other
imaging modalities include the use of transesophageal ultrasonography (EUS) and endo‐
bronchial ultrasound (EBUS) using a radial probe for detecting even small mediastinal
lymph nodes [35-36]. Mediastinoscopy is still the gold standard for mediastinal lymph node
staging [37]. However, it requires general anesthesia and complications cannot be ignored.

1.2. Changes to T descriptors [38-39]

Rami-Porta R et al. evaluated in 2007 for the 7th Edition of the TNM Classification of Malig‐
nant Tumors only patients without metastasis and, although there was information about
different aspects of the T component, they only could analyze in detail tumor size, existence
of accompanying nodules and pleural dissemination.

The prognostic value of the tumor size was studied in patients with completely resected
pathological T1 and T2 N0 M0 tumors who had not received adjuvant therapy. The statisti‐
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cal calculations determined three cut-points at 2, 5 and 7cm, which, in addition to the 3cm,
the border between T1 and T2, gave rise to 5 groups of tumors with significantly worse sur‐
vival with larger tumor diameters. The groups and their 5-year survival rates were: T1≤2cm,
77%; T1>2cm and ≤3cm, 71%; T2>3cm and ≤5cm, 58%; T2>5cm and ≤7cm, 49%, and T2>7cm,
35%. This prognostic gradation was maintained when less selective patient populations
were evaluated: clinical staging, incomplete resection and different lymph node affectation.
With such arguments, it was decided to subdivide the T1 tumors into T1a (≤2cm) and T1b
(>2cm and ≤3cm), and T2 tumors into T2a (>3cm and ≤5cm) and T2b (>5cm and ≤7cm). Like‐
wise, the 5-year survival was compared between patients with T2>7cm tumors and T3 tu‐
mors. Similar results were found in the different populations, except in the N0 cases with
complete resection, in which it was verified that the survival was even higher in the T3
(41%) than in the T2>7cm (35%), therefore it was decided to reclassify the latter as T3. When
they analyzed the tumors that, with pathological staging, presented additional nodules, it
was observed that: (a) the 5-year survival of the T3 (31%) was similar to the T4 classified as
such due to the existence of an additional nodule or nodules in the same lobe as the primary
tumor (28%); (b) the T4 due to other factors had the same survival as those classified as M1
due to an additional nodule(s) in a different homolateral lobe than the primary tumor (22%);
and (c) the T4 due to pleural dissemination had a clearly worse prognosis (11% 5-year sur‐
vival). For the new classification, it was therefore recommended to consider as T3 those tu‐
mors with additional nodule(s) in the same lobe as the primary tumor, to consider as T4
those tumors with additional nodule(s) in a homolateral lobe other than that of the primary
tumor, and to include in the M category those tumors with pleural dissemination (Table 1).

T descriptor 6th ed. 7th ed.

T size Tumors = 2 cm
T1

T1a

Tumors > 2 cm and = 3 cm T1b

Tumors > 3cm and = 5cm

T2

T2a

Tumors > 5 cm and = 7 cm T2b

Tumors > 7 cm T3

Separate nodule(s) in the primary lobe. T4 T3

Separate nodule(s) in a different ipsilateral lobe. M1 T4

Malignant pericardial effusion. T4 M1a

Pleural dissemination. T4 M1a

Table 1. T descriptor changes: comparison between 6th and 7th edition of the TNM Classification of Malignant
Tumors [38]
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and (c) the T4 due to pleural dissemination had a clearly worse prognosis (11% 5-year sur‐
vival). For the new classification, it was therefore recommended to consider as T3 those tu‐
mors with additional nodule(s) in the same lobe as the primary tumor, to consider as T4
those tumors with additional nodule(s) in a homolateral lobe other than that of the primary
tumor, and to include in the M category those tumors with pleural dissemination (Table 1).

T descriptor 6th ed. 7th ed.

T size Tumors = 2 cm
T1

T1a

Tumors > 2 cm and = 3 cm T1b

Tumors > 3cm and = 5cm

T2

T2a

Tumors > 5 cm and = 7 cm T2b

Tumors > 7 cm T3

Separate nodule(s) in the primary lobe. T4 T3

Separate nodule(s) in a different ipsilateral lobe. M1 T4

Malignant pericardial effusion. T4 M1a

Pleural dissemination. T4 M1a

Table 1. T descriptor changes: comparison between 6th and 7th edition of the TNM Classification of Malignant
Tumors [38]
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1. Tumor size cut points at 2, 3, 5, and 7 cm:

• T1 subclassified:

- T1a: tumors = 2 cm

- T1b: tumors: > 2 cm and = 3 cm

• T2 subclassified:

- T2a: > 3cm and = 5cm

- T2b: > 5 cm and = 7 cm

• T2 reclassified:

- T2 > 7 cm became T3.

2. Multicentric tumors of similar histology:

- Separate nodule(s) in the primary lobe: became T3 from T4.

- Separate nodule(s) in a different ipsilateral lobe: became T4 from M1.

3. T4 descriptors:

- Pleural dissemination (pleural nodules or malignant effusion): became M1a from T4.

- Malignant pericardial effusion: became M1a from T4.

In the AJCC Cancer Staging Manual and UICC TNM Classification of Malignant Tumors the T
factor is divided into four descriptors (T1-4) depending on size, site, number, and local ex‐
tent of the primary tumor: the size and non-size based descriptors [40].

1.2.1. Size-based T descriptors

The value of tumor size in NSCLC prognosis is supported by large clinical evidence [41-45].
The tumor size threshold of 3 cm was set-up on the 2nd edition of the TNM classification of
malignant tumors in 1974.[46], and despite the advances in surgical procedures, adjuvant
treatment, and mostly in imaging technology, this measure remained unchanged for 35
years. The 7th edition of the TNM for lung cancer confers more importance to the size-based
T descriptors and divides them as seen earlier. These modifications have been validated by
recent studies that showed better survival stratification and prognosis estimation with the
new T definitions [47-49].

Table  2a  describes  lower  survival  rates  as  the  T  factor  increases  [50-51].;  survival  rates
are improved with the new system due to reclassification (up- and down-staging) of pa‐
tients when compared to series reporting survival rates with the previous TNM, showed
in Table 2b [52-53].
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T component
5-year survival (%)

Kameyama et al [25] Li et al [24]

T1a 82.6 75.49

T1b 73.3 74.58

T2a 63.5 60.87

T2b 50.1 55.63

T3 40.6 46.15

T4 34.6 NS

T component
5-year survival (%)

Mountain CF [26] Naruke et al. [27]

T1 67 68.9

T2 57 42.5

T3 38 31.9

T4 7 (cT) 18.9

Table 2. a. Five year survival by pT classification with the 7th edition. b. Five year survival by pT classification with the
6th edition [40].

1.2.2. Non–size-based T descriptors

1.2.2.1. Multiple nodules

The existence  of  multiple  primary cancers  (MPC) was initially  reported by Warren and
Gates  in  1932  [54],  but  in  spite  of  these  past  80  years,  to  date  accurate  diagnosis  of
MPC is not yet clearly established due to a lack of consensus on definition and diagnos‐
tic criteria [55]

In 1975, Martini and Melamed were the first to propose clinical and histopathologic criteria
for the differential diagnosis of second lung cancers [56]. MPLCs are defined synchronous, if
detected simultaneously, or metachronous, if tumors are separated in time [57-58]. Synchro‐
nous nodules may represent a MPLC (second primary), a metastasis, or an extension from
the primary (satellite nodule) [59] (Table 3).

Deslauriers et al. described in 1989 intrapulmonary nodular metastasis in patients with
NSCLC as satellite nodules, and the 5- year survival rates for these patients with satellite
nodules were 21.6% compared to 44% for patients without satellite nodules. They concluded
that patients with satellite nodules should be classified as stage IIIA [60].

Bronchology – A Well Branched Tree
http://dx.doi.org/10.5772/52748

209



1. Tumor size cut points at 2, 3, 5, and 7 cm:

• T1 subclassified:

- T1a: tumors = 2 cm

- T1b: tumors: > 2 cm and = 3 cm

• T2 subclassified:

- T2a: > 3cm and = 5cm

- T2b: > 5 cm and = 7 cm

• T2 reclassified:

- T2 > 7 cm became T3.

2. Multicentric tumors of similar histology:

- Separate nodule(s) in the primary lobe: became T3 from T4.

- Separate nodule(s) in a different ipsilateral lobe: became T4 from M1.

3. T4 descriptors:

- Pleural dissemination (pleural nodules or malignant effusion): became M1a from T4.

- Malignant pericardial effusion: became M1a from T4.

In the AJCC Cancer Staging Manual and UICC TNM Classification of Malignant Tumors the T
factor is divided into four descriptors (T1-4) depending on size, site, number, and local ex‐
tent of the primary tumor: the size and non-size based descriptors [40].

1.2.1. Size-based T descriptors

The value of tumor size in NSCLC prognosis is supported by large clinical evidence [41-45].
The tumor size threshold of 3 cm was set-up on the 2nd edition of the TNM classification of
malignant tumors in 1974.[46], and despite the advances in surgical procedures, adjuvant
treatment, and mostly in imaging technology, this measure remained unchanged for 35
years. The 7th edition of the TNM for lung cancer confers more importance to the size-based
T descriptors and divides them as seen earlier. These modifications have been validated by
recent studies that showed better survival stratification and prognosis estimation with the
new T definitions [47-49].

Table  2a  describes  lower  survival  rates  as  the  T  factor  increases  [50-51].;  survival  rates
are improved with the new system due to reclassification (up- and down-staging) of pa‐
tients when compared to series reporting survival rates with the previous TNM, showed
in Table 2b [52-53].

Endoscopy208

T component
5-year survival (%)

Kameyama et al [25] Li et al [24]

T1a 82.6 75.49

T1b 73.3 74.58

T2a 63.5 60.87

T2b 50.1 55.63

T3 40.6 46.15

T4 34.6 NS

T component
5-year survival (%)

Mountain CF [26] Naruke et al. [27]

T1 67 68.9

T2 57 42.5

T3 38 31.9

T4 7 (cT) 18.9

Table 2. a. Five year survival by pT classification with the 7th edition. b. Five year survival by pT classification with the
6th edition [40].

1.2.2. Non–size-based T descriptors

1.2.2.1. Multiple nodules

The existence  of  multiple  primary cancers  (MPC) was initially  reported by Warren and
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for the differential diagnosis of second lung cancers [56]. MPLCs are defined synchronous, if
detected simultaneously, or metachronous, if tumors are separated in time [57-58]. Synchro‐
nous nodules may represent a MPLC (second primary), a metastasis, or an extension from
the primary (satellite nodule) [59] (Table 3).

Deslauriers et al. described in 1989 intrapulmonary nodular metastasis in patients with
NSCLC as satellite nodules, and the 5- year survival rates for these patients with satellite
nodules were 21.6% compared to 44% for patients without satellite nodules. They concluded
that patients with satellite nodules should be classified as stage IIIA [60].
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Type Definition

Satellite nodule Same histology

And same lobe as primary cancer

And no systemic metastasis

MPLCs Same histology, anatomically separated Tumors in different lobes

And no N2-3 involvement

And no systemic metastasis

Same histology, temporally separated =4-yr interval between tumors

And no systemic metastasis from either tumor

Different histology Or different molecular genetic features

Or arising separately from foci of CIS

Metastasis Same histology With multiple systemic metastasis

Same histology, in different lobes And presence of N2-3 involvement

Or < 2-yr interval

Table 3. Definitions of second primary, satellite nodules and metastasis [61-62].

The concept of satellite nodules was not considered in NSCLC staging system until 1992 by
the AJCC and in 1993 by the UICC [63-64].

Prior to this, all nodules were classified as M1.

The T4 descriptor includes diverse tumors with different evolution and prognosis:

• invasion of the mediastinum, heart, great vessels, trachea, esophagus, vertebral body, and
carina;

• tumor with a malignant pleural or pericardial effusion, or with satellite tumor nodule(s)
within the ipsilateral primary-tumor lobe of the lung.

The IASLC lung cancer staging project committee has acknowledged the multiple reports
showing better survival for primary tumors with satellite nodules than other T4 tumors and
this is the reason why they downstaged them accordingly [38,65].

Later studies found that the new T descriptor for satellite nodules proposed by the IASLC
reflects better the outcomes of that group of patients, which showed superior survival rates,
and now these patients are to be considered for surgery [66-67].

1.2.2.2. Pleural dissemination and pericardial effusion

According to the TNM staging manual, pleural dissemination is defined as the presence of
ipsilateral malignant pleural effusion (MPE) or pleural nodules [68]. Pleural nodules are de‐
fined as pleural tumor foci separated from direct pleural invasion by the primary tumor,
classified as T4 [69]. These pleural tumors must be differentiated from direct tumor invasion
to the visceral (T2) or parietal pleura (T3) (Table 4).
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PL category Definition T status

PL0 Tumor within the subpleural parenchyma or, invading

superficially into the pleural connective tissue below

the elastic layer.

PL0 is not a T descriptor and the T

component should be assigned on other

features.

PL1 Tumor invades beyond the elastic layer. pT2 Indicates VPI

PL2 Tumor invades to visceral pleural surface.

PL3 Tumor invades the parietal pleura. pT3

Table 4. Classification of visceral pleural invasion (VPI): Proposed modification of Hammar Classification [70]

Introduction of a new accurate definition of visceral pleural invasion (VPI); VPI is a pT2 de‐
scriptor (Table 4). The abbreviation PL is used instead of P which is also used for designa‐
tion of pTNM in distinction from cTNM. The IASLC also recommends the use of elastic
stains to distinguish between PL0 and PL1 when hematoxylin and eosin (H&E) sections are
not helpful [71].

In TNM staging,  either pleural  fluid cytology or clinical  judgment are valid to establish
the  diagnosis  of  a  MPE and  consider  it  as  a  T4  factor  [72],  in  the  absence  of  relevant
conventional  or  guided pleural  biopsy.  Malignant  pericardial  effusions are  classified ac‐
cording to the same rules. Pleural dissemination and pericardial effusion are T4 descrip‐
tors,  grouped into stage IIIB in absence of distant metastasis.  The MPE is considered to
be a  sign of  advanced disease,  and almost  every cancer  can involve  the  pleura  [73-74].
However,  most MPE’s are due to NSCLC’s and encompass the worst  prognosis  [75-77],
even worse than in the presence of satellite nodules or mediastinal invasion; only a few
patients  survive  beyond  12  months,  regardless  of  treatment  modality,  surgery  or  not,
according  to  studies  by  Osaki  et  al.,  Sugiura  et  al.,  Mott  et  al.  and  Kameyama  et  al.
[78-81]

Ipsilateral MPE is a locally advanced disease that precludes surgical treatment in lung can‐
cer [82-83]. Unlike other malignant effusions, those caused by NSCLC have low sensitivity
to chemo- and radiotherapy [84-86]; therefore these patients are candidates for palliative
therapy. In a similar way, NSCLC is the most frequent cause of malignant pericardial effu‐
sion, which has a grim prognosis too [87-89].

The  IASLC reclassified  pleural  dissemination  from T4  to  M1a  based  on  the  magnitude
of  evidence  demonstrating  that  postoperative  survival  rates  of  patients  with  stage  IIIB
due  to  MPE  are  no  different  from  those  with  stage  IV  disease  and  significantly  lower
than in patients  with no pleural  effusion and even with non-malignant  pleural  effusion
[90-95].
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Status at thoracotomy 5-year survival (%)

No pleural effusion 45.4

Non-MPE 42.5

MPE 15.9

Pathologic stage IV 11.2

Table 5. Postoperative survival rates of NSCLC with malignant pleural effusion (MPE): no significant difference with
stage IV disease. (Data from Naruke et al [96])

1.3. Changes to N descriptors [97-98]

The accurate assessment of lymph node involvement is an important part of the manage‐
ment of lung cancer. Lymph node “maps” have been used to describe the location of nodal
metastases. However, there are discrepancies in nomenclature among maps used by Asian
and Western countries. The IASLC proposed a new lymph node map that reduces these dif‐
ferences among currently used maps, and provides precise anatomic definitions for all
lymph node stations. It has also been proposed a new method of grouping lymph node sta‐
tions together into “zones” for the sake of future survival analyses [99].

Milestones:

1. No changes were made to N descriptors. Analysis from the international database of
the IASLC showed that current N descriptors provide good survival stratification, and
therefore considered appropriate to maintain them without modifications [100].

2. New International Lymph Node Map: The IASLC has developed a new lymph node
chart to resolve disagreements in nomenclature between Naruke’s (The Japan Lung
Cancer Society) and Mountain-Dresler’s maps (American Thoracic Society). Although
the nomenclature has changed, the general concept remains the same. Patients without
nodal metastatic disease are designated as N0. Patients with N1 disease are defined as
having metastatic involvement of lymph nodes in the ipsilateral peripheral or hilar
zones. The N2 designation signifies metastatic extension to lymph nodes in the ipsilat‐
eral mediastinal (upper, aorticopulmonary, lower) or subcarinal lymph node zones. The
N3 nodal designation includes metastatic involvement of any nodes in the supraclavic‐
ular lymph node zone or nodes in contralateral mediastinal, hilar–interlobar, or periph‐
eral zone.

3. New classification of lymph nodes by grouping stations into seven “Nodal Zones” for
prognostic analysis: supraclavicular, upper, aorticopulmonary, subcarinal, lower, hilar–
interlobar, and peripheral (Table 6 and Figure 4); this proposal needs to be validated
with prospective studies and it is not yet effective in the new TNM system.
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Nodal Zone Lymph node station

Upper zone Low cervical, supraclavicular, sternal notch (1R – 1L)

Upper paratracheal (2R – 2L)

Prevascular (3a) and retrotracheal (3p)

Lower paratracheal (4R – 4L)

Aortopulmonary zone Subaortic (aortopulmonary window - 5)

Para-aortic (ascending aorta or phrenic nerve - 6)

Subcarinal zone Subcarinal (7)

Lower zone Paraesophageal (8)

Pulmonary ligament (9)

Hilar zone Hilar (10)

Interlobar superior (11s) and inferior (11i)

Peripheral zone Lobar (12)

Segmental (13)

Subsegmental (14)

Table 6. Grouping of lymph node stations into “zones”.

Survival differences were also calculated on the basis of the number of lymph node zones
involved in any single nodal designation. For instance, in pathologically staged patients
with any T and M0, those with nodal metastases to a single N1 zone had a median survival
of 52 months whereas those with metastatic spread to nodes in multiple N1 zones had a me‐
dian survival of only 31 months. Similar decreases in survival were also seen in patients
with multiple N2 nodal zone involvement (median survival 19 months) compared with
those with disease in a single N2 nodal zone (median survival 35 months) [65]. These results
showed improved survival in patients with a single N2 zone involved compared with those
with multiple N1 zones involved. These findings were validated by an external study [102],
and raising the possibility of subdividing the N1 and N2 classifications into N1a (single-
zone N1), N1b (multiple-zone N1), N2a (single-zone N2), and N2b (multiple-zone N2).
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Figure 4. A parallel between previous Mountain-Dresler modified lymph node map originally proposed by the Ameri‐
can Thoracic Society and the proposed grouping of lymph node stations into “zones” for the purposes of prognostic
analyses from Rusch VW et al. [100].

4. Given the continuous ascension of endoscopic ultrasound techniques such as EBUS (endo‐
bronchial ultrasound) and EUS (endocopic ultrasound) guided transbronchial (TBNA) and
transesophageal (FNA) fine needle aspiration for the sampling of mediastinal lymph no‐
des, the borders between lymph node stations have been reconsidered, limiting as much as
possible the subjectivism and trying to better standardize and define nodal stations.

As Tournoy et al. showed in this graphic representation, the reach of EUS-FNA and EBUS-
TBNA is partly overlapping and partly complementary. EBUS-TBNA follows the large air‐
ways, whereas EUS-FNA is excellent for the left, posterior and lower mediastinal and
paraoesophageal stations. When both techniques are available, many of the mediastinal and
hilar lymph nodes can be reached for fine-needle aspiration. In addition, with EUS-FNA, the
left liver lobe, celiac trunk nodes, and the left adrenal gland can be assessed. With EUS,
lymph nodes can be identified if they are located in the vicinity of the esophagus. The nodes
to be identified with EUS are described in relation to vascular structures (including the aor‐
ta, the azygos vein, the left atrium, and the pulmonary artery) and the diaphragm [103-104].
With EBUS, the ultrasound window angle is much smaller, when compared with EUS (50–
60 degree angle versus 150– 180 degree angle), which makes the visualization and identifica‐
tion of large vessels or ultrasound landmarks easier with the latter (Figure 5). EUS helps in
the identification of structures and landmarks through movements of backward, forward
and rotation of the scope. In contrast to EUS, EBUS has the advantage of having a real-time
bronchoscopic view into the airways during procedures, which helps with a more accurate
identification of the lymph node stations [12].
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In general, the lymph nodes are characterized based on EBUS imaging as follows:

a. Size (in short axis): less or more than 1 cm.

b. Shape: oval or round; when the ratio of short vs. long axis of lymph nodes is smaller
than 1.5, the lymph node is defined as round; if the ratio is bigger than 1.5, it is oval.

c. Margin: indistinct or distinct; if the majority of the margin (>50%) is clearly visualized
with a high echoic border, the lymph nodes are determined as distinct. If the margin is
unclear, they are determined as indistinct.

d. Echogenecity: homogeneous or heterogeneous

e. The presence or absence of central hilar structure (CHS); CHS defined as a linear, flat,
hyperechoic area in the center of the lymph node.

f. The presence or absence of coagulation necrosis sign (CNS). CNS is a hypoechoic area
within the lymph node without blood flow. Typical coagulation necrosis sign repre‐
sents a low echoic area within the lymph node and that sometimes occupy the majority
of the lymph node. The presence of CNS had the highest specificity (92.6%) and the
highest hazard ratio (5.6) for prediction of metastatic lymph nodes [106]

Figure 5. Devices used in endoscopic and endobronchial ultrasound. Endoscopic ultrasound probe (left) and endo‐
bronchial ultrasound scope (right) [105].

Since we consider that in the light of the latest TNM classification the knowledge of lymph
node stations and their borders is of absolute importance, we will debate about it on a larger
scale in this chapter. This, according to our opinion, is going to help especially the EUS-
EBUS practitioners, since we are going to correlate from literature the schematics with CT’s
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Figure 4. A parallel between previous Mountain-Dresler modified lymph node map originally proposed by the Ameri‐
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and ultrasound in every lymph node station, in order to have a detailed mental image of the
mediastinum. (Figure 6).

Station 1 lymph nodes (Figure 7) are located caudal to the inferior margin of the cricoid but
cranial to the incisura jugularis of the sternum and cranial to the clavicles bilaterally. There‐
fore, the supraclavicular nodes are also part of station 1. The latter can be felt by a clinical
examination when enlarged; however, external ultrasound has shown to be useful for their
localization, identification, and puncture.21–24 21 [107-110].

Although the paratracheal part of station 1 can be reached by EBUS-TBNA (1R/L; bilateral–the
midline of the trachea serves as the border) or EUS-FNA (1L; left), the proposed anatomic bor‐
ders cannot be recognized with endoscopic ultrasound. Because these nodes are localized ex‐
trathoracic, an endoscopic approach is very unpractical. The endoscopes are not stable for
these very proximal stations making interpretation and sampling technically difficult and un‐
comfortable for the patient. Therefore, endoscopic ultrasound is of limited value for identifica‐
tion, delineation, and sampling of the paratracheally located station 1 nodes [21].

Figure 6. General view: CT-WLB-EBUS correlations for regional lymph nodes by IASLC system [106]

Station 2. The inferior border of station 2L is the transverse plane through the superior bor‐
der of the aortic arch. For 2R, the inferior border is then the intersection of the caudal margin
of the brachiocephalic vein with the right-sided border of the trachea. The sagittal plane tan‐
gent to the left tracheal wall now makes the difference between right and left. For endoscop‐
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ic ultrasound node identification and delineation, these revised definitions are important.
Ultrasonographic discrimination between stations 2 and 4 is evident, especially on the left
side because the apex of the aortic arch can readily be visualized by either EUS-FNA or
EBUS-TBNA. For the right-sided nodes, the margin simply follows this transverse plane,
which can serve as a surrogate for the intersection of the trachea and brachiocephalic vein
(Figure 8).

Discriminating left and right-sided nodes has clinical implications (N2 versus N3). In most
of the cases, there is no discussion about the position because the presence and the size of
the nodes as seen and measured on the CT scan also help the endoscopist in the identifica‐
tion (Figure 9). However, it can be that similarly enlarged nodes are found in this region and
that attention is needed for making the difference between N2 and N3. As a general rule, it
can be said that EUS-FNA can only reach the left paratracheal lymph node stations. With
EBUS-TBNA, both stations can be approached while no clear endoscopic or ultrasonograph‐
ic landmarks are available to discriminate left and right. Although the bronchoscopic image
helps during EBUS-TBNA, the left side of the trachea never identifies as a straight plane.
The large arteries (subclavian artery or the aortic arch) cannot help much because their posi‐
tion relative to that sagittal plane is variable. In addition, the smaller ultrasonography win‐
dow of EBUS-TBNA also makes the visualization of the anatomic ultrasound landmarks is
more limited [21].

Figure 7. Supraclavicular nodes. These include low cervical, supraclavicular and sternal notch nodes. Upper border:
lower margin of cricoid. Lower border: clavicles and upper border of manubrium. The midline of the trachea serves as
border between 1R and 1L. 2R. Right Upper Paratracheal. 2R nodes extend to the left lateral border of the trachea.
Upper border: upper border of manubrium. Lower border: intersection of caudal margin of innominate (left brachio‐
cephalic) vein with the trachea. 2L. Left Upper Paratracheal. Upper border: upper border of manubrium. Lower border:
superior border of aortic arch. [111] Courtesy of Septimiu Murgu, MD and Henri Colt,MD; Bronchoscopy International
www.bronchoscopy.org
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Figure 8. Station 2 visualized by EBUS at the 5th tracheal ring [106]. Courtesy of Septimiu Murgu, MD and Henri
Colt,MD; Bronchoscopy International www.bronchoscopy.org

Figure 9. Station 2 node in front of the trachea, i.e. a 2R-node. There is also a small prevascular node, i.e. a station 3A
node.

Endoscopy218

Station 3 lymph nodes are defined with an anterior part being the prevascular nodes and a
posterior part being the retrotracheal nodes. The craniocaudal extent goes for both from the
sternal notch down to the main carina. Although the prevascular station 3A can be visual‐
ized with EBUS as lying ventrally from the large vessels, there are no anatomic ultrasound
landmarks to recognize the superior border of this lymph node station. Sampling station 3A
by endoscopic ultrasound is impossible because of the interposition of the large vessels. This
contrasts with station 3P, which is situated in between the pars membranacea of the trachea
and the vertebrae (Figure 11). It can be seen and sampled by both EUS-FNA and EBUS-
TBNA. Although there is no ultrasound landmark for the superior margin of 3P either the
inferior margin being the main carina level corresponds with the level of the main stem or
left pulmonary artery during EUS and can be seen as an anatomic structure during EBUS.
The margin between 3P and 2/4L is the left posterior tracheal corner, which is identifiable by
EUS-FNA or EBUS-TBNA. The margin between 3P and 2/4R is the right posterior tracheal
corner that can be identified during EBUS-TBNA.

Station 4 lymph nodes are located paratracheally but situated caudal to the transverse aortic
arch plane (Figure 12). The sagittal plane on the left side of the trachea is the margin be‐
tween left and right, just like in station 2 nodes. By consequence, EUS-FNA in general can‐
not approach a right paratracheal node. The comments made to discriminate between 4R
and 4L with EBUS-TBNA are identical to those for stations 2. However, what can be helpful
for the endoscopist is that 4R nodes are situated posterior to the superior vena cava and/or
ascending aorta, both presenting as large vessels with a vertical course, which can be readily
visualized by EBUS-TBNA. The inferior margins of station 4 nodes have been redefined
with important clinical implications, also for endoscopic ultrasound. The pleural reflection
no longer serves as the border between stations 4 and 10. Station 4L has now an inferior bor‐
der defined by the superior rim of the left main pulmonary artery and a lateral margin de‐
fined by the aortopulmonary ligament (Figures 12 – 14). With both EUS-FNA and EBUS-
TBNA, the cranial rim of the left main pulmonary artery can be visualized. The
aortopulmonary ligament is invisible for ultrasound. Station 4R’s inferior border has now
been redefined as the inferior border of the azygos vein. This new definition is better be‐
cause the anatomic margin being the pleural fold is invisible for conventional or endoscopic
imaging, whereas the azygos vein is always visible. During EBUS-TBNA, it typically
presents in the right tracheobronchial corner as a kidney-shaped vessel (Figures 12, 13). By
consequence, EBUS-TBNA now can be used more confidently to discriminate between me‐
diastinal 4R and hilar 10R nodes. The 4R nodes are by consequence characterized by their
position just dorsally from the superior caval vein and/or aorta and medially but not distally
to the azygos vein.

4R. Right Lower Paratracheal

• Upper border: intersection of caudal margin of innominate (left brachiocephalic) vein
with the trachea.

• Lower border:lower border of azygos vein.

4R nodes extend to the left lateral border of the trachea.
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4L. Left Lower Paratracheal

4L nodes are lower paratracheal nodes that are located to the left of the left tracheal border,
between a horizontal line drawn tangentially to the upper margin of the aortic arch and a
line extending across the left main bronchus at the level of the upper margin of the left up‐
per lobe bronchus. These include paratracheal nodes that are located medially to the liga‐
mentum arteriosum.

Station 5 (AP-window) nodes are located laterally to the ligamentum arteriosum [111].

Figure 10. Prevascular and Prevertabral nodes. Station 3 nodes are not adjacent to the trachea like station 2 nodes.
They are either: 3A anterior to the vessels or 3P behind the esophagus, which lies prevertebrally. Station 3 nodes are
not accessible with mediastinoscopy. 3P nodes can be accessible with endoscopic ultrasound (EUS) [111].

Figure 11. Lymph nodes station 4 and their borders

Endoscopy220

Figure 12. Sagital CT, bronchoscopic image and EBUS image of station 4R and 4L lymph node stations [106]. Courtesy
of Septimiu Murgu, MD and Henri Colt,MD; Bronchoscopy International www.bronchoscopy.org

Figure 13. Examples of mediastinal lymph nodes and their anatomic relations with described borders [111].

Station 5 lymph nodes are situated laterally to station 4L nodes with the ligamentum arte‐
riosum as anatomic border (Figures 11, 13). The inferior edge is similar for both, whereas the
cranial edge is not. Although 4L nodes are situated caudal to the superior border of the aort‐
ic arch, station 5 nodes are located caudal to the inferior border of the aortic arch (Figure 19).
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Because the ligamentum arteriosum cannot be discerned by means of ultrasound, the differ‐
entiation between 4L and 5 can be difficult, especially when both stations contain suspect
lymph nodes. Station 5 nodes can be identified by EUS-FNA and EBUS-TBNA although the
latter is often more demanding. Because of the interposition of aortic arch or pulmonary ar‐
tery, station 5 can only be punctured in selected patients with enlarged nodes.

Station 6 mediastinal lymph nodes are located lateral to the ascending aorta and aortic arch,
in between the transverse planes at the superior and inferior border of the aortic arch. (Fig‐
ures 13, 14) These nodes can most often be identified by means of EUS-FNA, whereas this is
not always possible with EBUS-TBNA. The nodes in station 6 can only be punctured by a
transaortal approach, but extended mediastinoscopy is advised instead [21, 112].

Figure 14. Lymph nodes stations 5 and 6 and their relation with the great vessels [111].

Station 5. Subaortic nodes: Subaortic or aorto-pulmonary window nodes are lateral to the
ligamentum arteriosum or the aorta or left pulmonary artery and proximal to the first
branch of the left pulmonary artery and lie within the mediastinal pleural envelope.

Station 6. Para-aortic nodes: Para-aortic (ascending aorta or phrenic) nodes are located ante‐
riorly and laterally to the ascending aorta and the aortic arch from the upper margin to the
lower margin of the aortic arch [111].

Station 7 lymph nodes have an inferior border that is redefined. (Figure 15).On the left side,
this is the superior border of the lower lobe bronchus, and on the right side, this is the inferi‐
or border of the intermediate bronchus. (Figure 16) The lymph nodes in this station can be
seen and biopsied by both EUS-FNA and EBUS-TBNA. Formerly, an anterior and posterior
part of this node was recognized. This was meaningful because a cervical mediastinoscopy

Endoscopy222

cannot reach the posterior part of this station. With EUS-FNA and EBUS-TBNA, the entire
subcarinal area can be approached. Although identification of the nodes in this station is
easy for both EUS-FNA (the nodes lay just dorsally to the origin of the left pulmonary artery
and cranial to the left atrium) and EBUS-TBNA (by means of the endoscopic view), the de‐
lineation of the inferior border by means of endoscopic ultrasound is, however, not easy.
With EUS-FNA, the left atrium is generally seen as the anatomic border above which the
subcarinal nodes are situated, although this is with the new definition probably too restric‐
tive. The relation of the left atrium or pulmonary artery to the bronchus intermedius and the
left lower lobe bronchus, the latter being the newly defined inferior borders of station 7, can
be variable. With EBUS-TBNA, the delineation of the inferior border is possible because this
investigation allows a simultaneous bronchoscopic view of the bronchial tree although there
are no distinct corresponding ultrasound landmarks.

Figure 15. Virtual borders between lymph node stations and their relation with the great vessels of mediastinum
[113].

Figure 16. The subcarinal station shown on CT scan (left panel) can easily be visualized with both EUS (right panel) but
of course also with EBUS. During EUS, the subcarinal station identifies as a round, hypoechogenic sharply edged struc‐
ture located in between the esophagus and the pulmonary artery. The upper rim of this artery corresponds in general
with the main carina and is helpful during EUS. The main carina is visualized by means of endoscopy during EBUS. The
inferior border is the roof of the lower lobe bronchus on the left and the bottom of the bronchus intermedius on the
right. There are no unique ultrasound features that correspond to this definition although endoscopy during EBUS is
helpful [21]. Courtesy of Septimiu Murgu, MD and Henri Colt,MD; Bronchoscopy International www.bronchoscopy.org
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Stations 8 and 9 are the paraoesophageal and pulmonary ligament nodes, respectively, and
are situated inferior to the inferior margins of station 7 lymph nodes. The superior border of
these lymph nodes is as such defined by the inferior margin of the subcarinal area. Station 8
nodes are located along the left atrium (Figures 17, 18), whereas station 9 nodes are lying
within the pulmonary ligament (Figure 19). Although the latter is a structure that cannot be
seen with endoscopic ultrasound, station 9 nodes are located just cranial to the diaphragm,
which is readily identifiable with EUS-FNA. Stations 8 and 9 lymph nodes can be thus ap‐
proached by means of EUS-FNA. Occasionally, station 8 nodes can be found by EBUS-
TBNA. However, and as suggested above, one has to take into account the inferior stretch of
the subcarinal nodes making this station in addition to station 9 becomes invisible for EBUS-
TBNA. When performing EUS-FNA, one cannot confuse a lesion or lymph node with the
esophagus. When performing EBUSTBNA, the esophagus can be seen as a multilayered
structure with a hyperechogenic line in the middle corresponding with air not to be misin‐
terpreted as a lymph node. The discrimination between the left- and right-sided nodes is the
midline. Although no formal ultrasound characteristics for the midline are available, the rel‐
ative position of the endoscope to the descending aorta can help.

Figure 17. Station 8 Paraesophageal nodes: these nodes are below the carinal nodes and extend caudally to the dia‐
fragm. On the left an image below the carina. To the right of the esophagus a station 8 node [111].

Figure 18. Station 9. Pulmonary ligament nodes: pulmonary ligament nodes are lying within the pulmonary ligament,
including those in the posterior wall and lower part of the inferior pulmonary vein. The pulmonary ligament is the
inferior extension of the mediastinal pleural reflections that surround the hila [111].
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Figure 19. Hilar nodes Hilar nodes are proximal lobar nodes, distal to the mediastinal pleural reflection and nodes
adjacent to the intermediate bronchus on the right. Nodes in station 10 - 14 are all N1-nodes, since they are not locat‐
ed in the mediastinum [111].

Station 10 or hilar lymph nodes are situated immediately adjacent to the main stem bron‐
chus but caudal to the inferior border of azygos vein on the right and superior rim pulmona‐
ry veins and artery on the left. These nodes can be seen and sampled by EBUS-TBNA
(Figures 20, 21). The inferior margin of station 10R is the interlobar region. There is no
unique ultrasound feature that defines that border, but because a bronchoscopic view is
available during EBUS-TBNA, the secondary carina or the upper lobe split off can serve as
surrogate here. EUS-FNA has been thought to be unable to see and sample hilar stations.
However, there is no doubt that in certain cases, station 10 nodes located medially from the
main stem bronchi can be assessed. Endoscopists should be aware of this because misinter‐
pretation could lead to overstaging [114].

Figure 20. Station 10 lymph nodes: sagittal CT, endobronchial view and corresponding EBUS [106]. Courtesy of Septi‐
miu Murgu, MD and Henri Colt,MD; Bronchoscopy International www.bronchoscopy.org
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Once the secondary carina is reached, station 11 lymph nodes (or interlobar nodes) are en‐
countered. From this station on, the nodes can only be approached by EBUS-TBNA and not
by EUS-FNA. These nodes are located just underneath the mucosa of the secondary carina
on the left. There is a division between 11s and 11i on the right side. The former indicate the
nodes between upper lobe and intermediate bronchus, the latter are situated in between
middle and lower lobe ultrasound landmarks are not available; however, the synchronous
endoscopic view enables the identification of the relevant lobe split offs.

Figure 21. Station 11 lymph nodes (hilar nodes): Sagittal CT, endoscopic view and corresponding EBUS [106]. Courte‐
sy of Septimiu Murgu, MD and Henri Colt,MD; Bronchoscopy International www.bronchoscopy.org

Endoscopy226

Once the lobar bronchi originate, then station 12 is reached. Again, there are no unique ul‐
trasound borders, only the endoscopic view can help for guidance. Stations 13 and 14 are
segmental and subsegmental nodes. Frequently, the EBUS-TBNA endoscope is too large to
approach the segments and subsegments and their lymph nodes.

In closing, the new IASLC map maintains the lymph node stations of the other maps, but it
also groups those that are anatomically proximal in lymph node areas in order to make the
lymph node classification easier, especially in patients who will not undergo surgery. In this
map, all the lymph node stations are defined by anatomically precise limits that are easy to
recognize with imaging techniques and inspection during invasive explorations or thoracot‐
omy. The innovations of this lymph node map are:

• The creation of a supraclavicular lymph node area that includes the supraclavicular, low‐
er cervical (caudal on the lower edge of the cricoid cartilage) and the suprasternal fossa
lymph nodes. If these lymph nodes are invaded by a tumor, they are classified as N3, re‐
gardless of the side of the tumor.

• The widening of the subcarinal lymph node station. It now includes all the lymph nodes
from the tracheal bifurcation until the upper edge of the lower left lobar bronchus and the
lower edge of the intermediary bronchus. If they are affected by tumors, these lymph no‐
des are classified as N2. This new subcarinal station includes lymph nodes that before, at
least according to the Japanese map, were hilar (adjacent to the lower sides of the main
bronchi), that could be classified as N1 or N3, depending on the side of the tumor. The
larger size of this subcarinal station will mean an increase in N2 tumors in detriment of
N1 and N3 tumors.

• The incorporation of precise limits for station number 10, the hilar station, which facili‐
tates the prospective collection of data in order to clarify the prognostic role of this sta‐
tion, whose placement on other maps has always been controversial.

• The shift in the midline of the upper mediastinum from the tracheal anatomical midline
to the left paratracheal margin exclusively affects the upper and lower right and left para‐
tracheal stations. This modification implies that the affected lymph nodes that are to the
left of the anatomical midline, but to the right of the new left paratracheal line, will be N2
for tumors of the right lung, but N3 for those of the left lung.

1.4. Changes to M descriptors [25, 39]

The patients with lung cancer studied for the 7th edition of the TNM Classification of Malig‐
nant Tumors presented the following survival rates at 1 and 5 years: T4 any N M0, 53% and
16%; pleural dissemination, 45% and 6%; contralateral pulmonary nodule(s), 46% and 3%,
and distant metastasis, 22% and 1%; in this latter case, with significantly lower survival rates
than previously cited [39]. With such references, it was decided to subdivide the M compo‐
nent into M1a (presence of pleural dissemination or contralateral pulmonary nodule(s)) and
M1b (distant metastasis).
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Subclassify the M1 component in (Table 7):

• M1a: Intrathoracic metastasis.

• M1b: Extrathoracic (distant) metastasis.

• Reclassify pleural dissemination (malignant pleural effusions, pleural nodules) and ma‐
lignant pericardial effusions as a metastasis descriptor: from T4 to M1a.

• Subclassify M1 by additional nodules in the contralateral lung as M1a.

• Subclassify M1 by distant metastases as M1b.

• The MX and pM0 designation has been eliminated from the AJCC/UICC TNM system.

M factor definitions 6th ed descriptor 7th ed descriptor

Metastasis cannot be assessed. MX M0

Malignant pericardial effusion. T4 M1a

Pleural dissemination (malignant pleural effusions, pleural

nodules).
T4 M1a

Additional nodules in the contralateral lung (same histology). M1 M1a

Distant metastasis. M1 M1b

Table 7. M descriptor changes: comparison between 6th and 7th edition of the TNM Classification of Malignant
Tumors [39].

1.4.1. Additional changes

• Introduction of a new accurate definition of visceral pleural invasion (VPI); VPI is a pT2
descriptor (Table 8). To avoid confusion, the abbreviation PL is employed instead of P
which is also used for designation of pTNM in distinction from cTNM. The IASLC also
recommends the use of elastic stains to distinguish between PL0 and PL1 when hematox‐
ylin and eosin (H&E) sections are not helpful [71].

PL category Definition T status

PL0 Tumor within the subpleural parenchyma or, invading

superficially into the pleural connective tissue below

the elastic layer.

PL0 is not a T descriptor and the T

component should be assigned on other

features.

PL1 Tumor invades beyond the elastic layer. pT2 Indicates VPI

PL2 Tumor invades to visceral pleural surface.

PL3 Tumor invades the parietal pleura. pT3

Table 8. Classification of visceral pleural invasion (VPI): Proposed modification of Hammar Classification [115]

Endoscopy228

• Clinical TNM staging now is valid for SCLC, and stratification by stage I to III should be
included in clinical trials of early stage disease [116].

• Pathologic TNM staging must be used for all SCLC cases [117]..The International Staging
Committee of the IASLC has confirmed that the survival of patients with SCLC worsened
as the T and N categories increased [116]. It was also observed that, except in stage IIA,
which had only 55 patients for analysis, the 5-year survival worsened as the stage pro‐
gressed: IA, 38%; IB, 21%; IIA, 38%; IIB, 18%; IIIA, 13%; IIIB, 9%, and IV, 1%. Based on
this, the proposal to use the TNM system for staging SCLC was confirmed.

• Carcinoid tumors are now included within the TNM classification [118], a new staging sys‐
tem for neuroendocrine tumors. Lung carcinoids are staged in the same way as carcinomas.

Even though the 6th TNM classification specified that it was not applicable to carcinoid tu‐
mors, several studies have used it, finding prognostic differences among the stages. The
IASLC has also confirmed that those classified as stage I lived significantly more than those
in stage II, and these significantly more than those in stages III–IV; therefore, the new TNM
classification of 2009 is recommended to describe the extension of these tumors [118].

Knowing the previous arguments for reorganizing some sections of the T and M components, a
sophisticated statistical study was carried out with 17,726 patients whose tumors were better
staged [119]. The different survival curves for each stage were obtained, which, without over‐
lapping among them, presented worse levels as the tumor extension increased. This confirms
the new stage grouping (Table 9), whose 5-year survivals for each stage were, according to clin‐
ical and pathological staging, respectively, the following: IA, 50% and 73%; IB, 43% and 58%;
IIA, 36% and 46%; IIB, 25% and 36%; IIIA, 19% and 24%; IIIB, 7% and 9%, and IV, 2% and 13%.

6th ed 7th ed
N0 N1 N2 N3

T/M descriptors

T1 (=2cm) T1a IA IIA IIIA IIIB

T1 (>2 cm =3 cm) T1b IA IIA IIIA IIIB

T2 (>3 cm =5 cm) T2a IB IIA(IIB) IIIA IIIB

T2 (>5 cm = 7 cm) T2b IIA IIB IIIA IIIB

T2 (>7 cm)

T3

IIB(IB) IIIA(IIB) IIIA IIIB

T3 (direct invasion) IIB IIIA IIIA IIIB

T4 (same lobe nodules) IIIB(IIIA) IIIA(IIIB) IIIA(IIIB) IIIB

T4 (extension)
T4

IIIA(IIIB) IIIA(IIIB) IIIB IIIB

M1 (ipsilateral nodules) IIIA(IV) IIIA(IV) IIIB(IV) IIIB(IV)

T4 (pleural or pericardial effusion)
M1a

IV(IIIB) IV(IIIB) IV(IIIB) IV(IIIB)

M1 (contralateral nodules) IV IV IV IV

M1 (distant) M1b IV IV IV IV

Table 9. Stage Grouping Comparisons: Sixth Edition Versus Seventh Edition Descriptors, T and M Categories, and
Stage Groupings.
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Cells in bold indicate a change in the stage from the sixth edition. Adjacent stage in paren‐
theses represents staging from the sixth edition. T = primary tumor; N0 = no regional lymph
node metastasis; N1 = metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph
nodes and intrapulmonary nodes, including involvement by direct extension; N2 = metasta‐
sis in ipsilateral mediastinal and/or subcarinal lymph node(s); N3 = metastasis in contrala‐
teral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular
lymph node(s); M = distant metastasis [65].

Stage groupings were modified due to changes to the TNM descriptors (Table 5).

1. TNM grouping categories that were down-staged:

a. T2 smaller tumors, now T2a (>3 cm =5 cm), N1M0 are down-staged from IIB to IIA.

b. T4 tumors due to additional nodules in primary lobe, now T3, are down-staged
from IIIB to IIB (N0) or to IIIA (N1-2).

c. M1 cases due to additional nodules in other ipsilateral lobe(s), now T4, are down-
staged from IV to IIIB (N2-3) or to IIIA (N0-1).

d. T4 tumors due to other factors, N0-1 are down-staged from IIIB to IIIA.

2. TNM grouping categories that were up-staged:

a. T2 larger tumors, now T2b (>5 cm =7 cm), N0M0 are up-staged from IB to IIA.

b. T2 tumors >7 cm, now T3, are up-staged: T3N0M0 from IB to IIB and T3N1M0 from
IIB to IIIA.

c. Tumors with pleural nodules or malignant pleural (or pericardial) effusion were re‐
classified from T4 to M1a, therefore are up-staged from stage IIIB to IV [120].

The main limitations are derived from the retrospective character of some databases that
were not designed to study the TNM classification and lack precise anatomical details about
the tumor extension, the number and lymph node stations affected or the differences be‐
tween the different forms of M1 disease. For this reason, the IASLC itself has initiated a pro‐
spective project aimed at once again updating the TNM classification in 2016, validating all
the T, N and M descriptors, especially those who have not been until now. Thus, a large in‐
ternational database is being constituted that, correcting the geographical omissions and dis‐
proportions in the therapeutic modalities, includes patients with non-small-cell tumors,
small-cell tumors and their neuroendocrine subtypes.

In conclusion, the IASLC staging classification is unquestionably a major advance. The size
of the database, the broad international spectrum, the careful and detailed analysis, as well
as the internal and external validation, are tremendous achievements and relatively unique
among types of cancer [121].

So, the main advantages of the new classification would be:

• The size of the database, the largest ever collected for any cancer type.

• For the first time, data was collected from different countries.

Endoscopy230

• The timeframe of 10 years allowed for 5 years follow-up.

• Cases included all treatment modalities.

• Pathologic and clinical staging where considered in survival analysis.

• The statistical analysis included meticulous internal and external validation.

• Changes to the TNM descriptors and stage groups were derived strictly from the outcome
measure of overall survival.

The new TNM system is less intuitive and more complex than the 6th edition, and will be
more difficult to learn. The oncology community needs to overcome the higher learning
curve in order to offer patients the most appropriate treatment choices based on more accu‐
rate prognostic information [120].

2. Electromagnetic navigation bronchoscopy

It is known that diagnostic yield of flexible bronchoscopy is limited by its inability to guide
biopsy instruments directly to the lesion. As it was expected, diagnosis success rate is de‐
pendent on the size and location of the lesion. The diagnostic yield of flexible bronchoscopy
is expected to be between 20 and 84%. However, current nonsurgical techniques available to
diagnose small peripheral lung lesions (SPLL) are limited either by low accuracy [122–125]
or by potential complications [126–129].

For lesions less than 2 cm in diameter, the diagnostic yield of flexible bronchoscopy is 14%
for peripheral lesions in the outer third of the chest and as high as 31% if in the proximal
two-thirds [130]. The diagnostic yield of flexible bronchoscopy for mediastinal lymph nodes
using transbronchial needle aspiration (TBNA) is reported to be between 15 and 83% [131].
Also, diagnostic yield of TBNA in staging of bronchogenic carcinoma is reported to be be‐
tween 50 and 60% [132].

Within the past several years, electromagnetic navigation guided bronchoscopy (EGB) has
proven very effective at assessing pulmonary nodules accurately with very low complica‐
tion rates. EGB consists of four elements:

1. Computer software that utilizes thin-slice CT to create a three-dimensional rendering of
the lung and tracheobronchial tree, which can then be used for virtual bronchoscopy.

2. A sensor probe that fits through the small working/suction channel of a bronchoscope
with a steering mechanism. Because the sensor probe is recognizable within the electro‐
magnetic field, it can be navigated through the small airways of the lung toward pe‐
ripheral lesions not reachable by conventional bronchoscopy (Figure 22).

3. An electromagnetic field encompassing the patient’s thorax, so that the real anatomy
can be merged with the computer generated (virtual) anatomy by use of standard “reg‐
istration points” (e.g., carina, takeoff of the right upper lobe bronchus, bifurcation be‐
tween the left upper and lower lobes).

Bronchology – A Well Branched Tree
http://dx.doi.org/10.5772/52748

231



Cells in bold indicate a change in the stage from the sixth edition. Adjacent stage in paren‐
theses represents staging from the sixth edition. T = primary tumor; N0 = no regional lymph
node metastasis; N1 = metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph
nodes and intrapulmonary nodes, including involvement by direct extension; N2 = metasta‐
sis in ipsilateral mediastinal and/or subcarinal lymph node(s); N3 = metastasis in contrala‐
teral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular
lymph node(s); M = distant metastasis [65].

Stage groupings were modified due to changes to the TNM descriptors (Table 5).

1. TNM grouping categories that were down-staged:

a. T2 smaller tumors, now T2a (>3 cm =5 cm), N1M0 are down-staged from IIB to IIA.

b. T4 tumors due to additional nodules in primary lobe, now T3, are down-staged
from IIIB to IIB (N0) or to IIIA (N1-2).

c. M1 cases due to additional nodules in other ipsilateral lobe(s), now T4, are down-
staged from IV to IIIB (N2-3) or to IIIA (N0-1).

d. T4 tumors due to other factors, N0-1 are down-staged from IIIB to IIIA.

2. TNM grouping categories that were up-staged:
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The main limitations are derived from the retrospective character of some databases that
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tween the different forms of M1 disease. For this reason, the IASLC itself has initiated a pro‐
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the T, N and M descriptors, especially those who have not been until now. Thus, a large in‐
ternational database is being constituted that, correcting the geographical omissions and dis‐
proportions in the therapeutic modalities, includes patients with non-small-cell tumors,
small-cell tumors and their neuroendocrine subtypes.

In conclusion, the IASLC staging classification is unquestionably a major advance. The size
of the database, the broad international spectrum, the careful and detailed analysis, as well
as the internal and external validation, are tremendous achievements and relatively unique
among types of cancer [121].

So, the main advantages of the new classification would be:

• The size of the database, the largest ever collected for any cancer type.

• For the first time, data was collected from different countries.
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• The timeframe of 10 years allowed for 5 years follow-up.

• Cases included all treatment modalities.

• Pathologic and clinical staging where considered in survival analysis.

• The statistical analysis included meticulous internal and external validation.

• Changes to the TNM descriptors and stage groups were derived strictly from the outcome
measure of overall survival.

The new TNM system is less intuitive and more complex than the 6th edition, and will be
more difficult to learn. The oncology community needs to overcome the higher learning
curve in order to offer patients the most appropriate treatment choices based on more accu‐
rate prognostic information [120].

2. Electromagnetic navigation bronchoscopy

It is known that diagnostic yield of flexible bronchoscopy is limited by its inability to guide
biopsy instruments directly to the lesion. As it was expected, diagnosis success rate is de‐
pendent on the size and location of the lesion. The diagnostic yield of flexible bronchoscopy
is expected to be between 20 and 84%. However, current nonsurgical techniques available to
diagnose small peripheral lung lesions (SPLL) are limited either by low accuracy [122–125]
or by potential complications [126–129].

For lesions less than 2 cm in diameter, the diagnostic yield of flexible bronchoscopy is 14%
for peripheral lesions in the outer third of the chest and as high as 31% if in the proximal
two-thirds [130]. The diagnostic yield of flexible bronchoscopy for mediastinal lymph nodes
using transbronchial needle aspiration (TBNA) is reported to be between 15 and 83% [131].
Also, diagnostic yield of TBNA in staging of bronchogenic carcinoma is reported to be be‐
tween 50 and 60% [132].

Within the past several years, electromagnetic navigation guided bronchoscopy (EGB) has
proven very effective at assessing pulmonary nodules accurately with very low complica‐
tion rates. EGB consists of four elements:

1. Computer software that utilizes thin-slice CT to create a three-dimensional rendering of
the lung and tracheobronchial tree, which can then be used for virtual bronchoscopy.

2. A sensor probe that fits through the small working/suction channel of a bronchoscope
with a steering mechanism. Because the sensor probe is recognizable within the electro‐
magnetic field, it can be navigated through the small airways of the lung toward pe‐
ripheral lesions not reachable by conventional bronchoscopy (Figure 22).

3. An electromagnetic field encompassing the patient’s thorax, so that the real anatomy
can be merged with the computer generated (virtual) anatomy by use of standard “reg‐
istration points” (e.g., carina, takeoff of the right upper lobe bronchus, bifurcation be‐
tween the left upper and lower lobes).
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4. A hollow, extended working channel (EWC) that can be secured in a small peripheral
airway and used to pass diagnostic instruments such as brushes, aspirating needles and
biopsy forceps [133].

The ideal patient for EGB should be one with peripheral pulmonary lesion (solid or fatty sol‐
id nodule located beyond the visible range of flexible bronchoscopy) detected by chest radi‐
ography and CT or presenting with suspicion of cancer by CT morphology or positive
positron emission tomography (PET) scan, as well as with a nondiagnostic conventional
bronchoscopy in most of these cases; he should have absence of other metastatic lesions ac‐
cessible for biopsy, a negative TTNA or contraindication for TTNA (severe pulmonary im‐
pairment, bleeding diathesis, lesions not accessible by TTNA as judged by a radiologist
panel) and contraindication for straightforward curative surgery; in case of associated me‐
diastinal lymph nodes should have a negative transbronchial needle aspiration (TBNA) or
difficult to reach with TBNA lymph nodes.

Those patients who should not undergo EGB are those with contraindication to short-acting
anesthetic agents, bleeding diathesis, presence of concomitant endobronchial lesion, pres‐
ence of a pacemaker/defibrillator or a diagnosis by other means (sputum cytology, microbi‐
ology) that offers a reliable and easy to control course of treatment.

Navigation aim is to closely approach the target lesion (distance between sensor tip and le‐
sion centre ≤15 mm) and take as many biopsies as possible for each lesion. At every three
attempts is advised that the forceps should be withdrawn and the position of the sensor
probe in relation to the target lesion checked.

Makris D et al. also recommends that all patients should undertake a CT scan prior to EGB
with the following technical criteria: slice thickness 2–3.5 mm, interval between slices (with
overlap of 1 mm) 1-2.5 mm, image size 512x512 pixels and dicom format [134].

As for anesthesia, Gildea TR et al. considers that all procedures (flexible bronchoscopy,
bronchial washings, bronchoalveolar lavage and the actual EGB) can be safely performed
using conscious sedation with intravenous 2 mg boluses of both midazolam and morphine
with topical lidocaine [135].

In an emblematic study from Gildea TR et al. in 2006, the role of electromagnetic navigation
bronchoscopy using super-Dimension/Bronchus System as a novel method to increase diag‐
nostic yield of peripheral and mediastinal lung lesions was investigated. The superDimen‐
sion/bronchus system is an image-guided localization system, which is designed to guide
bronchoscopic tools to predetermined points within the bronchial tree. The device uses three
separate technologies that are combined to enable navigation of dedicated tools within the
lung in real time.

The first component is the planning software, which converts digital imaging and communi‐
cations in medicine standards (DICOM) images from a computed tomography (CT) scan in‐
to multiplanar images with three-dimensional reconstruction and virtual bronchoscopy of
the airways.
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The second component is a steerable probe that contains a position sensor attached to an eight-
way steerable instrument that has the ability to navigate turns in the endobronchial tree [135].

Figure 22. The steerable probe (SP) with bronchoscope [18].

The third component is an electromagnetic (EM) board, which is a field generator connected
to a computer containing the planning data. The exact position of the steerable probe when
placed within the EM field is depicted on the system monitor.

Registration is the process by which the computer links the five to six virtual fiducial mark‐
ers to the actual position in the patient. Upon registration completion, the average fiducial
target registration error (AFTRE) score was given in millimetres (mm). The AFTRE is the ra‐
dius of expected difference of the location of the tip of the steerable probe in the actual pa‐
tient compared with where it is expected to be in the virtual patient [135].

After registration, navigation is performed with simultaneous advancement of the steerable
probe toward the target and directing steerable probe to the lesion. The closest distance be‐
tween the steerable probe tip and the lesion centre is recorded. When navigation is complet‐
ed, the steerable probe is removed, leaving the extendable working channel through which
brushings and TBBXs or TBNA were performed [135].

In this study, biopsies were performed using a C-arm fluoroscopy unit. All instruments
were visualized under fluoroscopy only after navigation was completed to confirm proper
function and position of the bronchoscopic tools relative to the lesion and the pleura. Brush
biopsies involved two to three passes, and four pieces of tissue were obtained by TBBX.
TBNA usually was done with 2 to 4 passes of a combination of 19-G and 22-G needles de‐
pending on physician choice [130, 135-139].
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Eberhardt et al. [18] reported in 2007 92 peripheral lung lesions biopsies from 89 consecutive
subjects. The diagnostic yield of EGB was 67%, which was independent of lesion size. Total
procedure time ranged from 16.3 to 45.0 min (mean [± SD] procedure time, 26.9 ± 6.5 min).
The mean navigation error was 9 ± 6 mm(range, 1 to 31 mm). They reported two incidences
of pneumothorax for which no intervention was required. When analyzed by lobar distribu‐
tion, there was a trend toward a higher ENB yield in diagnosing lesions in the right middle
lobe (88%). They concluded that EGB can be used as an independent bronchoscopic techni‐
que without the need for fluoroscopy when compared with other available studies. There
was no increased risk of pneumothorax (2 of 89 patients; 2%). The upper lobes tend to have
sharper angles in the bronchial tree that may be challenging to navigate even with a steera‐
ble sensor probe. The EWC ends close to the tip of the sensor probe and makes it less flexi‐
ble. This reduces the range of deflection and, consequently, the ability to navigate. It can
also make the probe flip into a different position when negotiating some tight angles in the
bronchi. Navigation in the lower lobes is more affected by diaphragmatic movement during
breathing and could result in larger errors than recorded. This is because the planning data
are based on CT scan images acquired in a single breathhold [140, 141].

Eberhardt et al. also showed that the improved yield of EGB compared to conventional
transbronchial lung biopsy in small lesions (diameter ≤ 2 cm) can be attributed to the im‐
proved precision in navigation. This study has shown the yield, safety, and timesaving with
use of the EGB system without the need for fluoroscopy. This system eliminates radiation
exposure and could reduce procedure costs. The diagnostic utility of the use of EGB in the
biopsy of peripheral lung lesions appears to be equivalent to other advanced techniques like
endobronchial ultrasound [142-144].

Apparently, these techniques have pushed bronchoscopic biopsy yields closer to those ach‐
ieved by CT scan-guided transthoracic needle biopsy and surgery. Given the relative com‐
fort [145] and safety [146] of flexible bronchoscopy, and the recognized risks of both CT
scan-guided [147-149] and surgical biopsies [150], there is growing need to develop and re‐
fine these techniques. The expanded role of lung cancer screening, in which the vast majori‐
ty of lesions is benign, makes this all the more important [151]. Multimodality diagnosis by
combining ENB with other bronchoscopic and imaging techniques may further enhance the
diagnostic yield [140].

3. Autoflorescence Bronchoscopy (AFB)

Visible light perceived by the human eye comprises the whole wavelength range, between
400–700 nm. Conventional bronchoscopy illuminates mucosal structures of the airwaves
with the full wave spectrum; therefore, light gets reflected, backscattered or absorbed by the
structures it encounters, thus providing the human eye with an image [152]. Tissues show a
natural autoflorescence when excited in the 200-460 nm range; however, only the visible
part of this range is used in medical applications [153].
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However, the light source attached to the bronchoscope can emit only blue light, as a pro‐
portion of the blue spectrum excites the cellular chromophores, such as collagen, elastin or
keratin, contained in the layers of the submucosa, especially within the connective tissue
comprised in the elastic fiber bundles, or on the exterior surface of the cartilages (perichon‐
drium). When excited by blue-violet light in the 400-450 nm spectrum, the excited chromo‐
phores of normal cellular lines found in the mucosa display a green tint. Another aspect of
the autoflorescence theory refers to the thickness and cellular morphology of the examined
tissue. Tumors and premalignant lesions have an increased mucosal thickness and therefore
absorb more of the excitation occurring from fluorescence light, in what is called “the archi‐
tectural effect” [153, 154]. Tissues that underwent a morphological change due to various
pathological conditions, predominantly premalignant dysplasia or metaplasia-like phenom‐
enon, are colored differently as the green fluorescence is affected by either alterations of cel‐
lular chemistry, morphology or epithelial thickness [155–157]. A wide range of AFB devices
are currently available on the market: the Storz D-light system [158], Pentax SAFE-1000
[159], the Xilix LIFE system [158] or the DAFE system by Richard Wolf [160].

The main advantage of AFB is that progressive dysplasia of the mucosal layers also results
in a progressive transition from normal green autoflorescence to a red-brown color, specific
to precancerous or malignant lesions. This makes early premalignant lesions far easier to
spot during bronchoscopy as compared to regular white-light based techniques. Inflamma‐
tory reactions, granulomas, scars, dysplasia/metaplasia and early malignant lesions which
are hard to spot due to their submucosal confinement are therefore easily spotted due to
their dark red-brown appearance, surrounded by normal green tissue [155–157].

The addition of AFB to conventional endoscopy can significantly increase diagnostic rate of
early malignant or premalignant lesion, without the need of tumor sensitizers and therefore
with no additional complications to standard bronchoscopy techniques. The detection rate
of high-grade dysplasia and carcinoma in-situ (CIS) is increased to 88% after using AFB, up
from the median 40% detection rate that conventional white-light bronchoscopy provides
[161, 162]. However, as already stated, both premalignant lesions and various inflammatory
conditions have similar appearances in AFB. Therefore, the specificity is rather low, with a
high rate of false positive investigations [163, 164].

Since diffuse reflectance spectroscopy measures directly the changes in the path of white
light through tissue scattering and absorption levels, some have theorized that combining
autofluorescence with diffuse reflectance probes may enhance the specificity of this method.
Preliminary findings have shown that a combination between the two can significantly im‐
prove the positive predictive value of AFB without altering the already attained high sensi‐
tivity for premalignant and early malignant lesions [165] (Bard MPL et al, 2005). Other
attempts to improve specificity by local spectroscopical measurements have shown promis‐
ing results, making way for one-stop techniques which would combine two types of wave‐
length measurement and fluorophore weighting [153, 165].

One study investigated the use of AFB in primary lung cancer, after treatment of head and
neck cancer, detecting 29% (12/44 patients) of all second primary lung cancers, while detect‐
ing early lesions in two patients which would otherwise be missed by conventional imaging
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methods [166]. Early reports of Lam and his team in asbestos and diesel-exposed individu‐
als showed an 86% sensitivity for moderate to severe dysplasia and CIS in the case of AFB,
compared to just 52% for white light bronchoscopy [167]. A multicenter study performed by
Lam in 1998 with the LIFE system, on 173 patients (142 biopsy-proven cases of severe dys‐
plasia, CIS or invasive cancer) showed that AFB has a relative sensitivity of 2.71 compared
to conventional bronchoscopy, successfully detecting 91 cases in comparison to only 35 with
bronchoscopy alone. When considering intraepithelial lesions alone, the relative sensitivity
increases to 6.1 for AFB compared to standard bronchoscopy [164].

A correlation between the loss of fluorescence and the grade of dysplasia; therefore, a
trained endoscopist can differentiate these gradations to some extent, being even able to
identify inflammatory or granulomatous lesions [155]. This would In turn greatly improve
the specificity of AFB. A different approach consists in the usage of computer assisted analy‐
sis of signals of different wavelengths, represented in a spectrogram which in turn can clas‐
sify benign from malignant lesions.

4. Narrow-Band Imaging (NBI)

NBI is a novel imaging technique capable of improving the visualization of superficial struc‐
tures of the respiratory mucosa [168, 169]. NBI is used for an accurate classification of le‐
sions, even though it does not have an established role during routine bronchoscopy [170–
172]. High magnification bronchoscopy in combination with NBI can visualize the altered
micro-vascularization which is formed in dysplastic or neoplastic lesions [173]. As the tumor
progresses, it requires an adequately enlarged blood supply, therefore in most cancers, in‐
cluding those of the lungs and airways, neo angiogenesis is a constant phenomenon through
which newly formed vessels are constantly produced in order to supplement local needs.
These vessels form irregular aberrant patterns, having unequal diameters, tortuous configu‐
rations and uneven segment lengths.

The principle of NBI is simple: three optical filters segment the RGB (red-green-blue) light
spectrum in sequence, thus narrowing the bandwidth of the spectral transmittance [174].
This allows for visual marking of capillary structures of the sub-mucosa in deep red color,
allowing an easier identification and characterization, as different wavelengths penetrate the
tissue at different depths. The filtering system is placed in the optical illumination system
and basically contains two narrow wavelength components: NBI-B corresponding to the
400-430 nm range (blue and green visualization) and NBI-G for the 530-550 nm range (red
visualization), while a third filter can be installed for an accurate segmentation of the blue-
green features, operating in the 430-460 nm range; the optical light-source usually operates
in the 400-700 nm wavelength range. All current models include a 2-filter system, which em‐
phasizes capillaries in the superficial mucosal layers by the 400-430 nm light, coloring them
in shades of brown, while deeper mucosal or submucosal vessels are displayed in cyan by
using the 530-550 nm filter. Modern systems allow for easy switch between the normal WLI
and the enhanced NBI operations [168].
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Limitations of the technology arise from the fact that not all lung malignancies develop sub‐
mucosal neo vascularization visible from the airways, therefore potential false-negative NBI
findings can be frequent when used in combination with WLB. Its sensitivity may be how‐
ever increased when used in conjunction with other specific techniques such as AFB; how‐
ever, its role in the screening process for lung malignancies is yet to be determined. A step
further in this direction would be the standardization of imaging findings, based on clinical
descriptions and classification of abnormal airway vascularity. High magnification broncho‐
scopy can improve the specificity of the technique, as it may allow a more clear description
of the vascular patterns [168]. Good prospects come from new techniques such as probe-
based confocal laser endomicroscopy which can provide an in situ diagnosis of malignancy
if used in conjunction with any endoscopic technique.

5. Probe-based Confocal Laser Endomicroscopy (pCLE)

Gastrointestinal applications of pCLE are numerous, the system being successfully tested
in real-life conditions [175]. It can be used for identifying premalignant lesions otherwise
invisible to classic endoscopic techniques, such as Barrett’s esophagus [176], classification
of  polipous lesions at  colonic  level  [177],  gastric  metaplasia  or  early  stage lesions  at  all
levels of the digestive tracts [178, 179]. The technique requires injection of fluorescein or
another fluorophore, followed by endoscopic imaging of the dye to identify mucosal de‐
tails such as mucosal and vessel architecture to distinguish among normal, dysplastic, and
neoplastic tissue. The use of fluorescein as an in-vivo contrast agent for detecting vascular
structures has been deemed safe by several studies [180]. It thus allows for better visuali‐
zation of vascular structures, serving as an overall tissue contrasting agent as it may leak
beyond capillary confinement.

The imaging microprobe is  connected to  30,000  fiber-optic  threads  that  enable  point-to-
point real-time detection at 12 frames/sec. The microprobe’s flexibility and size (1.5 mm in
diameter) allow for great user maneuverability to scan tissues in situ at angles that would
not be possible with any available confocal microscope objective. The mini-probe is insert‐
ed through a working channel of any standard bronchoscope and can reach the alveolar
duct. A laser generator emits 488 nm blue argon laser light which is transmitted through
the optical fibers and excites the elastin scaffold of the acinus. In turn, a real time image
of the elastic fibers which sustain the alveoli, as well as the microvessel architecture is re‐
vealed. The probe can be translated over a larger tissue sample, and the images later re‐
constructed in order to extend the field of view covered [181]. A monitor attached to an
imaging unit is available for real-time visualization of cellular images, the device being ca‐
pable of recording full length movies which can be recorded and later on analyzed with
dedicated software [182].

This technology is still in its early stages; however, it was deemed safe by regulatory organ‐
isms in the United States of America for applications in patient settings. In conjunction with
safe contrasting agents such as fluorescein [183] or methilen blue [184], it can be used for the
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methods [166]. Early reports of Lam and his team in asbestos and diesel-exposed individu‐
als showed an 86% sensitivity for moderate to severe dysplasia and CIS in the case of AFB,
compared to just 52% for white light bronchoscopy [167]. A multicenter study performed by
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sis of signals of different wavelengths, represented in a spectrogram which in turn can clas‐
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4. Narrow-Band Imaging (NBI)

NBI is a novel imaging technique capable of improving the visualization of superficial struc‐
tures of the respiratory mucosa [168, 169]. NBI is used for an accurate classification of le‐
sions, even though it does not have an established role during routine bronchoscopy [170–
172]. High magnification bronchoscopy in combination with NBI can visualize the altered
micro-vascularization which is formed in dysplastic or neoplastic lesions [173]. As the tumor
progresses, it requires an adequately enlarged blood supply, therefore in most cancers, in‐
cluding those of the lungs and airways, neo angiogenesis is a constant phenomenon through
which newly formed vessels are constantly produced in order to supplement local needs.
These vessels form irregular aberrant patterns, having unequal diameters, tortuous configu‐
rations and uneven segment lengths.

The principle of NBI is simple: three optical filters segment the RGB (red-green-blue) light
spectrum in sequence, thus narrowing the bandwidth of the spectral transmittance [174].
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400-430 nm range (blue and green visualization) and NBI-G for the 530-550 nm range (red
visualization), while a third filter can be installed for an accurate segmentation of the blue-
green features, operating in the 430-460 nm range; the optical light-source usually operates
in the 400-700 nm wavelength range. All current models include a 2-filter system, which em‐
phasizes capillaries in the superficial mucosal layers by the 400-430 nm light, coloring them
in shades of brown, while deeper mucosal or submucosal vessels are displayed in cyan by
using the 530-550 nm filter. Modern systems allow for easy switch between the normal WLI
and the enhanced NBI operations [168].
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Limitations of the technology arise from the fact that not all lung malignancies develop sub‐
mucosal neo vascularization visible from the airways, therefore potential false-negative NBI
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ever, its role in the screening process for lung malignancies is yet to be determined. A step
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of the vascular patterns [168]. Good prospects come from new techniques such as probe-
based confocal laser endomicroscopy which can provide an in situ diagnosis of malignancy
if used in conjunction with any endoscopic technique.

5. Probe-based Confocal Laser Endomicroscopy (pCLE)

Gastrointestinal applications of pCLE are numerous, the system being successfully tested
in real-life conditions [175]. It can be used for identifying premalignant lesions otherwise
invisible to classic endoscopic techniques, such as Barrett’s esophagus [176], classification
of  polipous lesions at  colonic  level  [177],  gastric  metaplasia  or  early  stage lesions  at  all
levels of the digestive tracts [178, 179]. The technique requires injection of fluorescein or
another fluorophore, followed by endoscopic imaging of the dye to identify mucosal de‐
tails such as mucosal and vessel architecture to distinguish among normal, dysplastic, and
neoplastic tissue. The use of fluorescein as an in-vivo contrast agent for detecting vascular
structures has been deemed safe by several studies [180]. It thus allows for better visuali‐
zation of vascular structures, serving as an overall tissue contrasting agent as it may leak
beyond capillary confinement.

The imaging microprobe is  connected to  30,000  fiber-optic  threads  that  enable  point-to-
point real-time detection at 12 frames/sec. The microprobe’s flexibility and size (1.5 mm in
diameter) allow for great user maneuverability to scan tissues in situ at angles that would
not be possible with any available confocal microscope objective. The mini-probe is insert‐
ed through a working channel of any standard bronchoscope and can reach the alveolar
duct. A laser generator emits 488 nm blue argon laser light which is transmitted through
the optical fibers and excites the elastin scaffold of the acinus. In turn, a real time image
of the elastic fibers which sustain the alveoli, as well as the microvessel architecture is re‐
vealed. The probe can be translated over a larger tissue sample, and the images later re‐
constructed in order to extend the field of view covered [181]. A monitor attached to an
imaging unit is available for real-time visualization of cellular images, the device being ca‐
pable of recording full length movies which can be recorded and later on analyzed with
dedicated software [182].

This technology is still in its early stages; however, it was deemed safe by regulatory organ‐
isms in the United States of America for applications in patient settings. In conjunction with
safe contrasting agents such as fluorescein [183] or methilen blue [184], it can be used for the
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in vivo histologic assessment of the bronchial epithelium at all levels of the airway system
[185–187]. Several studies reported good initial results in control groups of healthy smokers
or patients with chronic obstructive pulmonary disease for diagnosing various forms of pa‐
renchymal lung disease [188, 189]. A pCLE investigation seems to be a quick and safe proce‐
dure for patients with various pulmonary conditions, with minimal side-effects related to
both the technique and the contrasting fluorescent agents used for imaging. General consen‐
sus is that further studies are needed in order to extent the diagnostic capabilities and en‐
hance its sensibility in comparison with standard cytological and histological techniques.
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[185–187]. Several studies reported good initial results in control groups of healthy smokers
or patients with chronic obstructive pulmonary disease for diagnosing various forms of pa‐
renchymal lung disease [188, 189]. A pCLE investigation seems to be a quick and safe proce‐
dure for patients with various pulmonary conditions, with minimal side-effects related to
both the technique and the contrasting fluorescent agents used for imaging. General consen‐
sus is that further studies are needed in order to extent the diagnostic capabilities and en‐
hance its sensibility in comparison with standard cytological and histological techniques.
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1. Introduction

The field of respiratory endoscopy has developed over the last decade. Endoscopy is now used
for early detection, diagnostic procedures, endoscopic ultrasound and endobronchial inter‐
ventions. Bronchoscopy is a standard procedure for endoscopists but recently new techniques
like autofluoresence bronchoscopy have been introduced. It is not known how these techni‐
ques should be incorporated in standard clinical care. Autofluorescence bronchoscopy can be
used for detection of premalignant lesions but it is known that the used histological classifi‐
cation does not correlate to biological behaviour. Premalignant lesions may regress or very
early abnormal lesions may progress into tumor. Therefore the work up of these lesions is not
known. To overcome this problem new techniques are introduced like optical coherence
tomography or incorporation of spectroscopy. The value of these techniques for daily practice
and research will be reviewed. We will discuss all the presently available techniques and there
indications.

Endobronchial ultrasound is a new technique used for staging in lung cancer or diagnostics
purposes. This technique offers impressive opportunities for endoscopists to perform minimal
invasive staining of the mediastinum and lung lesions adjacent to the bronchus. However the
exact role of the endobronchial ultrasound in staging of lung cancer has to be established. Also
although quite limited the technique can have complications which should be kept in mind
before performing this procedure. The indications and major drawbacks of this technique will
be discussed.

Endobronchial interventions have proven to be of mostly palliative value for individual
patients. As large randomised trials are lacking, lots of techniques are applied mostly depend‐
ing on local habits. However from published data some guideline can be given. We will review
the main endoscopic interventions and advise which technique to be used in which indication.

© 2013 Peric et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
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2. EUS and EBUS in non-small cell lung cancer

The development of transesophageal endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) and transbronchial ultrasound real time guided needle aspiration (EBUS-TBNA)
have drastically altered lung cancer staging algorithms. Both are minimally invasive techni‐
ques that enable ultrasound controlled tissue sampling in addition or as an alternative to
surgical procedures. Tissue proof of presumed mediastinal spread is mandatory for accurate
diagnosis and staging as well as treatment planning. Imaging modalities such as computed
tomography (CT), positron emission tomography (PET) provide information regarding size
and metabolic activity, respectively, but are not accurate enough to be used in clinical practice.
Consequently, tissue diagnosis remains necessary. Mediastinoscopy is considered the stand‐
ard method for mediastinal lymph node staging, however drawbacks are its invasiveness,
requirement for general anesthesia, clinical admission and costs. The role of endosonography
is evolving rapidly, the aim of the following is to present the status of E(B)US based on a
literature survey.

2.1. EUS-FNA

Linear echo-endoscopes were originally developed for gastrointestinal diseases [1]. In 1995 it
became apparent that a considerable part of the middle and posterior mediastinum could be
reached and sampled [2] including lymph nodes paratracheal on the left (station 4L), in the
aortopulmonary window (station 5), para-aortal (station 6), subcarinally (station 7), lower
paraesophageal (station 8), pulmonary ligament (station 9), as well as the left adrenal gland.
Levels 2 and 4R are not always accessible. Specific sonographic features of lymph nodes (short
axis size >1cm, round shape, distinct margins, homogeneous echogenicity, absent central hilar
structure, coagulation necrosis) are more likely to contain metastasis [3] for which EUS has a
sensitivity, specificity, positive and negative predictive value of 78%, 71%, 75% and 79%
respectively [4]. EUS in combination with FNA however is more accurate, with a pooled
sensitivity of 83% and a pooled specificity of 97% [5]. Rapid on site evaluation by a cytopa‐
thologist (ROSE) has been shown to improve the diagnostic yield [6], if however on- site
cytology isn’t available, the optimal number of needle passes needed to obtain an optimal yield
is three [7]. EUS-FNA is usually performed in an ambulatory setting under local anaesthesia
and conscious sedation using midazolam. The procedure is considered safe as no serious
complications have been reported. FNA of a cystic lesion, however, should be avoided due to
the risk of mediastinitis [8, 9].

2.2. EBUS-TBNA

Sampling mediastinal lymph nodes through the tracheal carina using a rigid bronchoscope
was first described in 1949 [10]. In 1983 Wang reported the use of TBNA for lung cancer staging
[11]. The sensitivity varies between 39% and 78% depending on the prevalence of mediastinal
metastasis [12]. Despite being an available technique for over 50 years, TBNA has been
underused. The main reason for its limited use is the lack of real time needle visualization
causing numerous false negative results and complications [13]. Radial endobronchial
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ultrasound first described in 1992 has been shown to increase the yield of TBNA, however,
due to the nature of the probe it does not allow real time needle visualization [14]. Conversely,
the linear endobronchial ultrasound developed in 2002 could reach and sample para-tracheal
(stations 2 and 4), subcarinal (station 7), hilar and intrapulmonary nodes (stations 10 and 11)
[15]. Specific sonographic features of lymph nodes (short axis size >1cm, round shape, distinct
margins, homogeneous echogenicity, absent central hilar structure, coagulation necrosis) are
more likely to contain metastasis [16] for which EBUS-TBNA has a pooled sensitivity of 88%
and a pooled specificity of 100% [17]. Optimal results can be obtained in three aspirations per
lymph node. When at least one tissue core aspiration is obtained, two aspirations per lymph
node can be acceptable [18]. EBUS-TBNA is generally performed in a ambulatory setting under
local anaesthesia and conscious sedation using midazolam. To date, no major complications
have been reported.

2.3. Comparison of staging methods

Non-invasive methods such as CT and PET have limited sensitivity (57%) and specificity
(82%), with a positive predictive value of only 79% for detection of mediastinal lymph node
metastasis [4].  The combination of lymph node size and metabolic activity with PET/CT
improves accuracy, but does not eliminate the need for invasive testing [19]. For primary
mediastinal lymph node staging, the American College of Chest Physicians (ACCP) and
the  European  Society  of  Thoracic  Surgery  (ESTS)  consider  mediastinoscopy  the  gold
standard with a sensitivity of 78% and a negative predictive value of 88% [20, 21]. Although
considered a standard, there are limitations to its diagnostic reach. Stations 5, 6, posterior
part of 7, 8 and 9 are not accessible by cervical mediastinoscopy. Further limitations are
the requirement for general anesthesia, clinical admission, costs, as well as a reported 2%
risk morbidity [22].  Less invasive methods have emerged such as TBNA, EUS-FNA and
EBUS-TBNA. TBNA has a variable yield, is a ‘blind’ technique, and the results depend on
the size of the lymph node. In contrast,  real-time ultrasound-guided nodal aspiration by
EUS or EBUS has a higher sensitivity for mediastinal metastasis. In a comparison of EUS-
FNA and mediastinoscopy, both methods are just as accurate (91% versus 90%), but due
to their complementary reach, the combination of EUS-FNA and mediastinoscopy detect
significantly more patients with lymph node metastasis than either method alone [23]. EUS-
FNA prevented 50-70% of scheduled surgical procedures [24, 25]. Furthermore, in combin‐
ing EUS-FNA and EBUS-TBNA a near complete minimally invasive mediastinal  staging
can  be  achieved  with  a  higher  sensitivity  (93%)  and  negative  predictive  value  (97%)
compared  with  either  method alone  [26].  Strategies  with  an  EBUS-TBNA bronchoscope
placed first in the airway and then in the oesophagus can be just as useful with a sensitiv‐
ity of 96% and a negative predictive value of 95% [27]. Finally, a staging strategy combin‐
ing endosonography and surgical staging compared with surgical staging alone resulted
in greater sensitivity (94% versus 79%) for mediastinal metastasis and fewer unnecessary
thoracotomies  [28].  Cost–minimization  models  for  assessment  of  mediastinal  nodal
metastasis demonstrate that the pretest probability of nodal metastasis determines the most
cost  effective  strategy.  EUS alone or  combined with EBUS is  less  costly  compared with
surgical staging [29]. In a strategy using PET, EUS-FNA reduced staging costs by 40% by
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preventing surgical staging [30]. Given that the sensitivity of EUS-FNA and EBUS-TBNA
is similar to that of mediastinoscopy and that endosonography is less invasive, safe, and
more cost- effective, endosonography is now regarded as the initial staging procedure of
choice and incorporated in guidelines.

2.4. Conclusion

EUS-FNA and EBUS-TBNA enable complete ultrasound controlled mediastinal tissue
sampling in addition or as an alternative to surgical procedures and as such have drastically
altered lung cancer staging algorithms.

3. Therapeutic bronchoscopy in thoracic malignancies: Endobronchial
interventions

In the last decades multiple endobronchial intervention techniques have been developed for
the treatment of various pulmonary conditions and regaining airway patency. Especially in
patients with pulmonary malignant diseases and significant partial airway obstruction,
ensuring an open airway on a short notice is mandatory due to an increased risk of complete
obstruction and suffocation. A surgical approach is usually not feasible in these patients, as it
is mostly a palliative intervention. Also, significant comorbidities (i.e. COPD, heart failure)
often do not permit a surgical approach as such a procedure is accompanied with an increased
risk of severe complications. Therefore techniques are required that ensure a patent airway
with a minimal risk of complications.

Obstruction  of  the  airways  in  patients  with  thoracic  malignancies  is  caused  by  three
mechanisms:  1.  endoluminal  growth  of  neoplasms,  2.  compression  of  the  airway  by  a
malignant process, and 3. a combination of these two. Interventions in patients are aimed
at  debulking  of  tumorous  tissue  and  regaining  an  open  airway.  This  can  be  best  per‐
formed with rigid or flexible bronchoscopy and offers in most cases instant relief for the
patient.  Beneficial  features of flexible bronchoscopy compared to rigid bronchoscopy are
the lack of general anaesthesia and the easy access of the distal bronchi and the airways
of the upper lobes. However, rigid bronchoscopy enables control of ventilation during the
procedure, the removal of large fragments of tumorous tissue and stenting of the affect‐
ed airways [31]. Examples of the applied techniques during these interventions are laser
therapy, diathermia, argon plasma coagulation and the application of endobronchial stents.
Application of brachytherapy, cryotherapy and photodynamic therapy are in most cases
contraindicated for the treatment of lesions obstructing the airways, since they require time
to achieve their effects.

We will discuss the different advantages and disadvantages of each technique and also their
indications and contraindications. We will review their use in a palliative setting, but also
evaluate their potential as a curative intervention.
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3.1. Interventional techniques

3.1.1. Electrocautery

Electrocautery uses an electrical current to achieve its effects. The voltage difference between
probe and target tissue generates a flow of electrons. Due to resistance of the target tissue for
the electrons, heat is generated which is used for coagulation and tissue necrosis. The extend
of the effect of electrocautery on the target tissue depends of several factors [32]. First, the
smaller the contact area between probe and tissue, the more the current density is increased
and thereby the effect on the tissue. Second, the time the electrons are allowed to flow through
the tissue. Longer duration of application results in an increased effect. Third, the wattage or
voltage difference between probe and tissue. An increased wattage corresponds with an
increased flow of electrons and thus an increased effect. Reduction of the effect of electrocau‐
tery is due to the leakage of electrons via fluids and the metallic segments of the bronchoscope.

Compared with the YAG laser, electrocautery combines low costs [33] with easy to use features
in daily practice and a lower risk of airway perforation [34]. Contact of the probe with the
target tissue results in a similar effect as the YAG laser, although the extent of the effect is
different. As with argon plasma coagulation (see below), the electrons do not reach the deeper
tissue layers as compared with the photons of the YAG laser and therefore cause superficial
necrosis. Due to these properties, electrocautery is very suitable for regaining airway patency
in combination with mechanical debulking and stenting.

Since electrocautery causes superficial necrosis, it may be useful for the treatment of endo‐
bronchial carcinoma in situ and endoluminal superficial lung cancer [35]. Electrocautery
should also be considered for the treatment of granulomatous tissue and various other benign
lesions [36, 37].

Complications of electrocautery are endobronchial fires, especially when the fraction of
inspired oxygen is more than 0.4 and high wattage settings are used, and perforation of the
bronchial wall [34]. Contraindications for electrocautery are the same as for lasertherapy (see
below) [32].

3.1.2. Argon plasma coagulation

Argon plasma coagulation allows coagulation without making contact with tissue. It uses
ionised argon gas (plasma) to conduct electrons. These electrons do not reach the deeper layers
of tissue, in contrast with the scattering photons emitted by the Nd-YAG laser, and thereby
cause superficial coagulation/necrosis. A similar effect is achieved by the carbon dioxide laser.
Argon plasma coagulation can be used for coagulation, vaporisation and cutting. In patients
with airway obstruction by endobronchial tumour growth it should be combined with
mechanical debulking. Since its effect is superficial, it minimizes the risk of bleeding in areas
of the bronchial tree were major vessels rally just beneath the surface of the airway.

Due to its ability in achieving superficial necrosis, Argon plasma jet coagulation may be used
in a curative setting for the treatment of superficial lungcancer [38, 39].
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Complications of argon plasma coagulation are the same as with electrocautery. They include
endobronchial fires and bronchial wall perforation [40]. Contraindications are comparable
with the ones for laser surgery and electrocautery.

3.1.3. Laser resection

Laser resection of endobronchial lesions can be performed using rigid or flexible bronchosco‐
py. To date, the neodymium- yttrium aluminium garnet (Nd-YAG) laser is the most commonly
applied laser. Toty et al were one of the firsts to describe the use of the Nd-YAG laser for
patients with tracheal and bronchogenic cancer [41]. Since then several studies have evaluated
its role as an instrument to relieve obstruction and achieve haemostasis [42, 43].

During procedures the power setting should be limited to 40 W to prevent complications [31].
The tumorous tissue is first devascularised after which it can be removed. In relatively small
lesions a good strategy may be vaporisation of the whole lesion.

In contrast with the Nd-YAG laser the carbon dioxide laser has limited coagulation abilities.
Its most important advantage lies in its quality as a precise cutting instrument.

When laser surgery is performed during flexible bronchoscopy, general anaesthesia is in most
cases not required.

Advantages of the Nd-YAG laser are its ability to vaporise tissue and its excellence in coagu‐
lation. It disadvantages are the increased risk of perforation and the costs [33, 42]. Also
localisation of the tumor, especially in the upper bronchi, has a negative influence on the
success of the procedure [42].

Complications associated with endobronchial laser surgery are perforation, intraoperative
ventilation problems, post and intraoperative bleeding, postoperative infections, fistula
formation, endobronchial fire and even death [32, 42].

It is clear that laser therapy offers excellent opportunities for palliative care. Rapid relief of
dyspnoea and haemoptysis can be achieved in patients with endobronchial growth of a
malignancy. The only contraindication is external compression of the airways. Relative
contraindications are coagulopathy and hypoxemia [32]. Laser surgery can also be considered
in multiple non-malignant conditions [36]. Examples are stenosis due to trauma, sarcoidosis,
radiation therapy, granulation tissue and benign tumors.

3.1.4. Endobronchial stenting

To date, endobronchial and tracheal stent placement is being performed for already multiple
decades [44]. In these years various new stents have been developed ranging from bare metal
stents to covered metal stents and silicone stents. Due to the high rate of complications
associated with the use of bare metal stents, covered metal stents and silicone stents are now
being preferred by most interventional pulmonologists [45]. Unfortunately, comparative data
of the different stents is lacking. In almost all cases the choice of the applied stent is made by
the personal experience of the performing interventional pulmonologist.
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Some of the silicone stents, such as the Dumon stent [46], need to be placed by rigid broncho‐
scopy. This procedure requires general anestheisa. The self-expanding metal stents however,
do not require general anaesthesia and can be inserted during flexible bronchoscopy.

Stents are being used for ensuring an open airway in cases with extrinsic compression due to
neoplasms or after debulking of endobronchial malignancies. Furthermore, they can be
applied to cover malignant fistulas or iatrogenic fistulas after surgery and for fistulas between
the oesophagus and trachea.

Complications associated with endobronchial stenting are the increased production of mucoid
secretions, migration of the stent, the development of granulation tissue and the increased
chance of respiratory tract infections. Applying endobronchial stents is contraindicated if non-
viable lung is present beyond the obstruction [45].

4. Conclusion

We summarised the different endobronchial interventional tools for patients with pulmonary
malignancy. All the discussed methods have in common that they offer rapid relief of symp‐
toms. Differences exist in the costs and the ease of use of the various methods. Unfortunately,
no comparing data is available. Therefore the level of expertise of the interventional pulmo‐
nologist with a certain tool, the nature of the lesion and the associated risks should determine
which tool to use. When not available and intervention is mandatory, patients should be
referred to hospitals in which these procedures are being performed. It is clear that in the group
of patients with malignancies, the risk of severe complications exists. Patients should be
accordingly informed about these risks with in mind that in some cases time does not permit
less radical interventions.
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1. Introduction

Endoscopy is a fast moving field, and new techniques are constantly emerging. In recent
decades, gastrointestinal endoscopy has evolved and branched out from a visual diagnostic
modality, using fibreoptic bundles, to enhanced video and computer assisted imaging, with
impressive interventional capabilities. Some new endoscopic techniques will be too complex
or expensive to make the leap into general gastroenterology practice, others already show
major progress in the management of digestive diseases. In this chapter we will discuss
some of the emerging techniques and technologies used to increase the diagnostic yield in
the colon and small intestine including third eye retroscopes, colon capsule endoscopy, bal‐
loon and spiral enteroscopy and confocal laser endomicroscopy. We will also discuss over
the scope clip (OTSC) devices, a relatively simple and inexpensive tool potentially capable
of closing noninvasively intestinal perforations and allowing the removal of infiltrating tu‐
mors. Experimental modalities such as natural orifice translumenal endoscopic surgery
(NOTES) will also be discussed, with emphasis on their future clinical use. We will also fo‐
cus on endoscopic ultrasonography (EUS), which has moved from an experimental techni‐
que to a valuable established diagnostic modality which not only competes with modern
imaging modalities such as MRI, but is also particularly useful in the interventional setting
especially in pancreatic and hepatobiliary pathology. We will also discuss the importance of
training endoscopists in the use of these new techniques and we will offer some speculation
on which of them may become really useful in routine patient care or remain restricted to
large teaching hospitals.

© 2013 Van Den Bogaerde and Sorrentino; licensee InTech. This is an open access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



Chapter 12

Innovative Uses and
Emerging Technologies
in Endoscopy

J. Van Den Bogaerde and D. Sorrentino

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52552

1. Introduction

Endoscopy is a fast moving field, and new techniques are constantly emerging. In recent
decades, gastrointestinal endoscopy has evolved and branched out from a visual diagnostic
modality, using fibreoptic bundles, to enhanced video and computer assisted imaging, with
impressive interventional capabilities. Some new endoscopic techniques will be too complex
or expensive to make the leap into general gastroenterology practice, others already show
major progress in the management of digestive diseases. In this chapter we will discuss
some of the emerging techniques and technologies used to increase the diagnostic yield in
the colon and small intestine including third eye retroscopes, colon capsule endoscopy, bal‐
loon and spiral enteroscopy and confocal laser endomicroscopy. We will also discuss over
the scope clip (OTSC) devices, a relatively simple and inexpensive tool potentially capable
of closing noninvasively intestinal perforations and allowing the removal of infiltrating tu‐
mors. Experimental modalities such as natural orifice translumenal endoscopic surgery
(NOTES) will also be discussed, with emphasis on their future clinical use. We will also fo‐
cus on endoscopic ultrasonography (EUS), which has moved from an experimental techni‐
que to a valuable established diagnostic modality which not only competes with modern
imaging modalities such as MRI, but is also particularly useful in the interventional setting
especially in pancreatic and hepatobiliary pathology. We will also discuss the importance of
training endoscopists in the use of these new techniques and we will offer some speculation
on which of them may become really useful in routine patient care or remain restricted to
large teaching hospitals.

© 2013 Van Den Bogaerde and Sorrentino; licensee InTech. This is an open access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



2. Improving adenoma detection rate during colonoscopy

The most important task of endoscopists is the early detection and timely removal of co‐
lonic  polyps.  After  completing  a  colonoscopy,  the  endoscopist  should be  confident  that
all  polyps  have  been  removed,  including  proximal  flat  lesions.  Polyps  are  however
missed  in  up  to  35%  of  colonoscopies,  and  proximal  adenomas  are  more  frequently
missed [1].  Proximal sessile serrated adenomas are particularly difficult to diagnose, but
are  present  in  up to  13% of  screening colonoscopies,  and result  in  colorectal  malignan‐
cies  [2].  Variation in detection rates  is  related to endoscopic skill  and training.  Real  life
data  show that  colonoscopy reduced mortality  from colorectal  cancer  by  65% [3].  Can‐
cers  developing  3  years  after  a  colonoscopy  almost  certainly  represent  missed  lesions,
and as many as 14.4% of right sided neoplasms are not detected during conventional co‐
lonoscopy [4].  The data show that endoscopists should focus on improving detection of
right sided colonic lesions,  where missed lesions and reduction in mortality is  not opti‐
mal [5,6].

2.1. Retroflexion in cecum

The folds of  the colon hide neoplastic  lesions,  and the majority (93.3%) of  undiagnosed
polyps  hide  behind  folds  [7].  Endoscopists  know  that  rectal  lesions  close  to  the  anal
verge  are  difficult  to  see,  and  experienced  operators  do  a  thorough  rectal  examination
and retroflex in the rectum to avoid missing these lesions. According to these principles
cecalretroflexion  with  withdrawal  and  evaluation  of  the  folds  of  the  ascending  colon
should  also  be  useful.  A  recent  report  has  documented  that  cecalretroflexion  was  safe,
achievable in 94.4%, and increased adenoma detection rate by 9.8% [8]. The advantage of
this  technique  is  that  conventional  equipment  is  used,  all  competent  endoscopists  can
perform this, and no perforations were documented in this study. The study is however
uncontrolled and the authors  report  that  similar  results  may be achievable  by a  careful
antegrade  second look  of  the  ascending  colon.  The  obvious  difficulty  of  examining  the
proximal colon has resulted in the development of third eye retroscopes.

2.2. Third eye devices

Third eye retroscopes are thin fibreoptic probes that fit into the working channel of a colono‐
scope and can examine folds in the ascending colon, which are not easily visible with for‐
ward viewing instruments. In controlled studies adenoma detection rates were improved,
with better detection of larger rather than smaller lesions [9-11]. Adenomas larger than 6
mm in size were detected at a 25% higher rate, and 10mm or larger lesions at 33.3% [9]. The
reason for this preferential visualization of larger and therefore more important lesions with
the retroscope was documented by other authors [10], and no clear explanation for this
somewhat surprising finding has been advanced.

In expert hands, use of retroscopes increases withdrawal time from 7.58 to 9.52 minutes [11],
but increased adenoma detection of approximately 20% seems worthwhile. A potential
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problem is that once a polyp has been detected the retroscope needs to be withdrawn, to
make way for the polyp snare, thus losing sight of the polyp. Cost issues are crucial, and
adding an expensive piece of equipment to every colonoscopy will increase costs. Indeed,
cost issues may be the most important limiting factor in the universal acceptance of this
promising new technology.

2.3. Mucosal enhancement techniques

Changing the appearance of the mucosa is now accepted as a method of increasing ade‐
noma detection. Two methods exist: dye staining and equipment settings such as narrow
band imaging.  Blue  dyes  such as  indigo carmine  and methylene  blue  are  useful  in  the
colon,  where  mucosal  definition  and  vascular  pattern  changes  are  emphasized.  Lugol’s
iodine is useful in the esophagus, but can cause patient discomfort and allergic reactions.

Dye stains increase precision of diagnosis in Barrett’s esophagus [12] and ulcerative coli‐
tis  [13].  Chromoendoscopy using indigo carmine increased adenoma detection rate  in  a
large and well  designed study,  from 36.3% to  46.2%,  with a  marginal  increase  in  with‐
drawal times [14].  It  is  surprising that dye spray is not used more to increase adenoma
detection.  Personal  experience  and  reports  from  working  endoscopists  suggest  that  the
effort involved with dye spraying reduces enthusiasm for this technique as time goes by.
Dye stains have the advantage of  being cheap,  but  also dirty,  time inefficient,  and pro‐
duce variable results [15].

Narrow band imaging (NBI) uses filters to emphasize blue coloured light, thus accentuating
vascular structures. The touch button activation of this makes it user friendly, and NBI can
accurately discriminate between hyperplastic and adenomatous polyps, according to pit
patterns with a high sensitivity and specificity [16]. Dysplasia in ulcerative colitis [17] and
early gastric cancer [18] are amenable to more precise analysis using NBI. In Barrett’s muco‐
sa, NBI has been shown to diagnose high grade dysplasia with a very high sensitivity (96%)
and specificity (94%) [19].

The problem with NBI, is that the field depth is much reduced when compared to white
light.  Inevitably  white  light  is  used to  see  an  abnormality,  and then interrogation  with
NBI assists in confirming the pathology. It certainly is a “nice to have” technique for en‐
doscopists who use it regularly, and training endoscopists to analzyse NBI enhanced mu‐
cosal  pathology  is  not  daunting  [20].  Somewhat  disappointingly  there  is  little  evidence
that  NBI increases  adenoma detection rate,  which is  really  the point  of  new equipment
[21-24].

The diagnosis of difficult-to-see flat or depressed lesions will remain a challenge, In some
studies flat lesions are documented in 9.4% of patients, and 33% of depressed lesions are
malignant [25]. Endoscopist skill, training, and continued vigilance, in conjunction with on‐
going technical advances will increase adenoma detection rate, and hopefully reduce right
sided interval cancers.
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2.4. CO2 insufflation

One technical advance which has improved colonoscopy, both for patients and procedural‐
ists is CO2 insufflation. Although described more than 30 years ago recent data have un‐
equivocally shown superiority to room air insufflation [26-28]. In particular, patient
recovery and distention after the procedure are markedly reduced. In our opinion, even the
smallest unit should strive to change to CO2 insufflation.

3. Colon capsule endoscopy

Although impressive advances have been made in colonic screening programs, the uptake
of colonoscopy, which is the definitive screening tool is still disappointing [29,30]. In a large
community based study the uptake of fecal occult blood testing was low (43%, 20.79% men),
with obvious limitations of outcome [31].

The perception of what a colonoscopy is, and the perceived danger and invasiveness of the
procedure contributes to poor patient uptake [32]. Other less invasive tests such as CT colo‐
nography have been suggested, but radiation and inability to detect flat polyps limit the
usefulness of this study [33].

The establishment of small bowel capsule endoscopy has resulted in the development of
colon capsule endoscopy (CCE), as an alternative to colonoscopy for diagnosis of colonic
pathology.

CCE is technically more challenging than small bowel capsule evaluation, since the capsule
has to travel through the small bowel, and then into the colon, which requires an increase in
battery life. Lesions hidden in folds are difficult to visualize, as they are for conventional co‐
lonoscopy, and the bowel has to be even cleaner than for a normal colonoscopy, since mu‐
cosal washing is not possible [34].

Technical modifications of the original colon capsule, such as larger batteries, image captur‐
ing at both ends of the capsule, and increased image capture rate to accommodate faster co‐
lonic transit have improved diagnostic accuracy [35]. Sensitivity for polyp detection with
second generation capsules is 89% [35], using colonoscopy as the gold standard.

Bowel preparation has to be rigorous [36], and some issues with capsule battery life remain
challenging. Recent evidence-based guidelines for CCE have been produced by the Europe‐
an Society for Gastrointestinal Endoscopy [37].

CCE will probably be used in the same way as CT colonography, as an useful adjunct to
colonoscopy.  In  patients  who are  at  high  risk  for  colonoscopy,  or  where  completion  of
colonoscopy is not possible, evaluation by CCE may be useful. A small percentage of pa‐
tients may be put off by colonoscopy and for them, the non invasiveness of CCE would
be attractive.  Cost comparisons would be essential  in determining exactly where the fu‐
ture of CCE lies. Adenoma detection rates in colonoscopy screening populations approxi‐
mate  50%  or  more  [14,31],  which  suggests  that  successful  screening  procedures  would
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necessitate  colonoscopy  in  a  majority  of  patients  anyway,  to  remove  visualized  adeno‐
mas. Flat lesions remain a problem, regardless of the screening modality employed.

4. Small bowel evaluation and spiral enteroscopy

Small bowel evaluation has become precise and relatively easy with small bowel capsule
evaluation. MR enterography has added excellent diagnostic capability, particularly in pa‐
tients with Crohn’sdisease [38,39].

The different radiological and capsule techniques are complementary, and evaluation of the
bowel wall and extraintestinal structures is a particular strength of MR enterography [40].

The challenge of  the small  bowel is  intervention once pathology has been found. A pa‐
tient  with  iron  deficiency  anemia  may  have  small  bowel  vascular  ectasia  which  are
amenable to Argon plasma coagulation, or a polyp which can be removed endoscopical‐
ly. In the last decade double balloon enteroscopy (DBE) has become an established tech‐
nique  with  reported  complete  small  bowel  evaluation  possible  in  40  to  80  %  [41].
Subsequently  the  single  balloon enteroscopy (SBE)  technique  was  introduced with  low‐
er  rates  of  complete  enteroscopy  (up  to  25%  of  cases)  and  a  diagnostic  yield  of  40  -
60%  [42,43].  Both  DBE  and  SBE  need  up  to  90  minutes  to  be  completed  and  are
demanding  procedures.  Complications  include  perforation  (2.3% in  SBE)  and pancreati‐
tis (0.3% in DBE) [42,43]. Interventions are sometimes difficult due to the unstable endo‐
scope position.

Spiral  enterography  is  a  new  technique  whereby  an  overtube  with  a  distal  thread  is
placed  over  a  conventional  colonoscope  and twisted  into  the  small  bowel  [44].  The  in‐
sertion time for  spiral  enterography appears  to  be shorter  than double balloon enterog‐
raphy,  but  depth  of  insertion  is  considerably  less  [45].  Stent  insertion  and  therapeutic
maneuvers  may  be  easier  with  the  spiral  technique  due  to  overtubestabilization  [46].
DBE uses  a  Fujinon  platform,  while  the  SBE uses  an  Olympus  platform.  Spiral  entero‐
scopy  has  the  advantage  of  using  different  endoscopic  platforms,  but  its  role  has  not
been sufficiently defined to make recommendations yet.

Small  bowel  pathology  is  an  important  part  of  the  work  up  in  a  substantial  propor‐
tion  of  patients  with  an  undefined  iron  deficiency  anemia.  The  chosen  diagnostic  mo‐
dality  depends  on  availability  and  expertise,  but  small  bowel  capsule  is  probably  the
choice  examination  for  the  time  being.  Once  pathology  has  been  identified,  the  depth
of  the  lesion  in  the  small  bowel  determines  which  of  the  three  interventional  modali‐
ties  is  optimal.  DBE  is  the  established  technology,  but  in  more  proximal  small  bowel
lesions,  particularly  if  stenting  is  required,  spiral  enterography  may  be  the  procedure
of  choice.  The  role  of  this  technology  outside  teaching  hospitals  awaits  good compara‐
tive  studies.
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5. ERCP and endoscopic ultrasound

Ironically the greatest advance in ERCP in the last 10 years is the development of MRCP,
which has almost completely dispensed with the need for diagnostic ERCP. Techniques
have not really changed in 10 years, although some useful stent modifications have occur‐
red. Novel stenting devices include stents impregnated with radioactive seeds, which not
only can palliatively drain obstructed common bile ducts, but also irradiate the contiguous
pancreatic malignancy [47].

The interplay between endoscopic ultrasound (EUS) and ERCP in challenging patients is
an  interesting  new  development.  ERCP  drainage  of  malignant  biliary  strictures  often
fails, and EUS drainage bypassing the papilla is feasible, and in expert hands has a high
success rate [48,49].

Patients with altered anatomy after surgery present a special challenge, and ERCP may be
impossible. In expert hands EUS can assist in placing stents, but the authors of an authora‐
tive review point out that the technical difficulties and the specialized nature of these inter‐
ventions are best left to experts in referral centres [50]. Certainly these technologies are not
going to enter community based departments soon.

Exciting applications of EUS based interventions include the now standard celiac plexus
blocks and drainage of pseudocysts, as well as inplantation of radioactive seeds and even
viral vectors in tumours, ablation of cysts, variceal cyanoacrylate injection, and vascular coil
placement [47,51-53]. Obviously these techniques are at the moment very far from main‐
stream gastroenterology.

6. Confocal laser endomicroscopy

Confocal laser endomicroscopy (CLE) is a technology which allows real time histology of
the mucosa during upper and lower endoscopy. Laser illumination of the mucosa combined
with fluorescent dye illumination enables immediate and precise “microscopic” evaluation
of mucosal lesions [54]. Fluorescent dye injection is essential for this technique, and tissue
uptake occurs within seconds of injection. There is a very extensive literature of fluorescent
dye injection in ophtalmology, confirming its excellent safety profile. The limitation of fluo‐
rescein is that it highlights cells, connective tissue and vessels but not nuclear material. Topi‐
cal application of acroflavine stains cell nuclei, and can be used separately or in addition to
fluorescein.

Depth of view of the endoscopic CLE system is up to 250 µm, while the probe system which
is inserted down the working channel of any endoscope has a more limited depth of view
[55]. The area which can be examined is limited - no more than 700 µm2 in the endoscopy
based system and even less in the smaller probe based system so precise targeting is impor‐
tant. New generation probes can be placed through needles allowing novel approaches to
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endoultrasonographic tissue sampling, hepatobiliary assessment, and even laparoscopically
assisted real time hepatic tissue histology [56].

CLE has been used extensively in evaluating Barrett’s mucosa. It has also been used in pa‐
tients with colonic neoplasia, gastric metaplasia, and celiac disease.

When used in combination with conventional endoscopy, CLE allows excellent prediction of
high grade dysplasia and malignancy in Barrett’s mucosa [57]. In addition to targeting biop‐
sies, assessment of submucosal tissue, which may be particularly important in patients who
have undergone ablation of Barrett’s dysplasia can be performed. CLE predicted malignan‐
cy in Barrett’s lesions with a specificity of 96%, and sensitivity of 88% [58]. CLE combined
with four quadrant biopsies was twice as effective in detecting neoplasia, and the majority
of patients in the CLE arm did not need biopsies at all [59].

Gastric metaplasia or malignancy are amenable to CLE evaluation, with high accuracy and
reproducibility, and significantly better accuracy than conventional endoscopy [60-62].

During colonoscopy CLE polyp evaluation, when compared with standard histology produ‐
ces sensitivity for adenoma of 97.3%, while high and low grade dysplasia was analyzed ac‐
curately in 96.7% [63]. CLE evaluation in patients with UC resulted in far higher detection of
intra-epithelial neoplasia (4.75 fold), as well as reducing the number of biopsies by half [64].

The future focus of CLE is the use of specific labeled markers in a method similar to immu‐
nohistochemistry, to light up pre malignant or malignant mucosa [65,66] The application of
this methodology beyond the research setting is however still unclear.

The concept of optical biopsies [67] has been well established for colonic and gastric neo‐
plastic lesions, particularly by Japanese endoscopists assessing flat colonic lesions, but mi‐
croscopic in vivo biopsies using CLE technology advances this concept to a new level. What
has not been addressed is the medico legal issue related to this technique. How confident
can an endoscopist be when making a diagnosis by CLE of high grade dysplasia in a patient
with Barrett’s esophagus, and use only this information to guide subsequent therapy? In
these cases the gold standard will remain conventional histopathology, with its established
and extensive guidelines.

Finally, this technology does not improve detection rate of suspicious lesions, but relies on
conventional endoscopic evaluation to target the optical biopsy. As discussed at the begin‐
ning of this chapter, the greatest problem with endoscopy is the missed lesion. Although the
reduced number of biopsies is mentioned as an advantage this is a tenuous advantage at
most. The time taken to analyze tissue by CLE, would be easily spent taking more biopsies if
clinically indicated. In a recent study the advantage of optical biopsy in patients on anticoa‐
gulation is brought forward as a reason to pursue in vivohistology [68] but current guide‐
lines do not exclude patients on anticoagulation from undergoing biopsy [69].

Although CLE appears glamorous and exciting as a technology, it has been around for al‐
most a decade, and has not really expanded its reach beyond the research setting. The time
constraints, expense and technical difficulties probably will keep this as a “nice to have”
technology in selected tertiary hospitals where enthusiasts will use it.
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clinically indicated. In a recent study the advantage of optical biopsy in patients on anticoa‐
gulation is brought forward as a reason to pursue in vivohistology [68] but current guide‐
lines do not exclude patients on anticoagulation from undergoing biopsy [69].

Although CLE appears glamorous and exciting as a technology, it has been around for al‐
most a decade, and has not really expanded its reach beyond the research setting. The time
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7. Over the scope clip devices

Colonic perforation remains an important complication of colonoscopy, with a large recent
series reporting an alarming 0.33% rate [70].

Both diagnostic and therapeutic interventions can cause perforation, and even argon plasma
coagulation (APC) can result in perforations. Even in the best hands, perforation occurs
when complex polyps are removed, and indeed increased polyp detection and removal of
increasingly large polyps will result in more rather than less colonic endoscopic complica‐
tions [71].

Over the scope clip devices (OTSC) are pre armed on a transparent silicone cap, and are re‐
leased by winding up a pre loaded thread similar to band ligators. A large pair of forceps is
passed through the working channel to approximate the defect and pull the tissue into the
cap, followed by release of the bear trap-like device. Even deep lesions penetrating into the
serosa can be closed. OTSC devices have been successfully used in animal models to close
full thickness perforations [72]. Perforation closure strength has been shown to approximate
conventional surgical techniques [73].

In  a  small  clinical  case  report  study  perforation  closure  was  achieved  in  6  of  7  cases,
and avoidance of any surgery achieved in 4 of 7 [74]. Perforations of up to 20 mm were
managed using these clips in a clinical  setting [75],  and surgery was performed in only
one of 10 patients.

These clips have been shown to close colonic fistulae, without surgical intervention [76]. In
another report, 11 of 12 patients were treated successfully for chronic fistulae and colonic
perforations with no reported complications [77]. Placing clips is technically challenging,
but a mean procedure time of 54 minutes for fistula closure is not dauntingly long when
compared to other difficult endoscopic techniques [78].

Even refractory chronic duodenal fistula and esophageal anastomotic perforation after gas‐
trectomy have been managed by OTSC devices [78,79].

The bear trap structure of these clips does however demands caution when placing, and
very careful consideration of clip removal if placement is incorrect.

Large defects greater than 2.5 cm are not amenable to treatment with these clips, but appli‐
cation of more than one clip may be helpful. Severe fibrosis over a large area is also not ame‐
nable to clip application in patients with long standing ulcers or fistulae. Reports of
complications are scarce. One paper reports no complications [77] but post clip pain may be
due to grasping of visceral fat or peritoneum [75]. Strictures can also develop, particularly
when large portions of mucosa are grasped and clipped.

In addition, when drawing back the mucosa with forceps, the clip must not grasp the for‐
ceps during deployment, since loosening of the clip is impossible. This then results in the
clip and forceps being stuck in the channel of the endoscope, and stuck to the mucosa. Sur‐
gical removal is the only option: a true endoscopic nightmare.
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OTSC devices can control bleeding in animal models [80]. A recent study of upper gastroin‐
testinal bleeding documented a 13% re-bleed rate after initial endoscopy, and a mortality of
10% [81]. Although the study does not precisely detail the endoscopic appearance of peptic
ulcers in re-bleeding patients, a substantial percentage of these patients probably had chron‐
ic fibrotic ulceration, with endoscopically difficult to control visible vessels in the ulcer base.
It is well recognized that these patients often re-bleed and need surgical intervention. Plac‐
ing conventionally available clipping devices on these vessels is challenging, dangerous and
often unsuccessful. In theory, the OTSC device offers a far better approach to these patients,
and this indication may actually become the most important of these devices.

7.1. OTSC and endoscopic submucosal dissection

Endoscopic submucosal dissection (ESD) allows en block removal of gastric and colonic neo‐
plasia. Perforation rates of 4.1% in gastric [82] and as high as 20.4% in colon lesions have
been reported [83]. OTSC devices may assist in closing some of the larger perforations in
these patients. Full thickness endoscopic resection of tumours or polyps is possible with a
combination of OTSC and snare devices [84]. In those patients where endoultrasonography
has shown invasion of the muscular wall, and endoscopic mucosal resection (EMR) or endo‐
scopic submucosal dissection (ESD) is not feasible, the OTSC device may offer a non surgical
approach for removal of these neoplastic and invasive lesions in selected patients. In partic‐
ular, this technique could be potentially useful in treating gastrointestinal stroma tumors,
granulosa cell tumours, carcinoids, or any other slowly growing neoplasms which invade
the muscular wall and are therefore not amenable to other endoscopic techniques.

7.2. NOTES

One of the problems of natural orifice translumenal endoscopic surgery (NOTES) proce‐
dures is the gastrostomy, which may be amenable to OTSC closure [85]. However, NOTES
remains a modality that has yet to find its place outside the experimental sphere. The techni‐
cal challenges of these procedures, with the relatively minimal gain of avoiding minor en‐
trance wounds in laparoscopic surgery, would suggest that these techniques may not be
going to become routine.

8. Endoscopic control of bleeding

Techniques for controlling bleeding have not substantially changed in the last decade, but a
new method of nanopowder spray seems to be both effective and easy to apply [86,87]. This
powder could be of potential benefit in difficult to control arterial bleeds, where visibility is
an issue, or as a bridge to surgery. The major advantage of this would possibly be that less
experienced endoscopists could obtain control of bleeding, without performing technically
difficult procedures. In our opinion, most senior endoscopy consultants would appreciate
this modality if it would mean that more junior consultants could safely handle emergency
bleeds.
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Chapter 13

The Use of Endoscopic Ultrasound-Guided Fine Needle
Aspiration (EUS-FNA) in Cytopathology Diagnosis

Lee-Ching Zhu, Qinghua Feng and Verena S. Grieco

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52549

1. Introduction

Since the introduction of endoscopic ultrasound (EUS) in the 1980s, EUS-guided fine needle
aspiration (EUS-FNA) has become increasingly popular for the diagnosis and staging of gas‐
trointestinal diseases, and peri-gastrointestinal lesions, especially in the areas of pancreatic
or peri-pancreatic mass-like lesions. The application of FNA has dramatically expanded the
clinical utility of EUS[1-10].

The aims of this chapter are to review:

1. The advantage of EUS-FNA in cytopathology diagnosis over other diagnostic modalities.

2. The impact of on-site cytological interpretation on the diagnostic yield of EUS-FNA.

3. The difference of application of ancillary techniques in cytological as compared to sur‐
gical specimens. What are the drawbacks but also the advantages of applying immuno‐
cytochemistry (ICC) in EUS-FNA obtained specimens.

4. Why EUS-FNA material can be an ideal source of material for molecular studies.

5. In summary, the full value of EUS-FNA can only be achieved with an integrated approach.
We will illustrate this approach by one of our interesting EUS-FNA case studies.

2. Aim 1: The advantage of EUS-FNA in cytopathology diagnosis over
other diagnostic modalities

In the absence of EUS-FNA, there are many alternatives for obtaining biopsy specimens of
mass lesions in the chest and abdomen [11]. This is done most frequently by transcutaneous
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ultrasound (TUS), or CT-guided biopsy. Pathology specimens of obstructing lung masses
and/or large paratracheal lymph nodes often are obtained at bronchoscopy with forceps or
by transbronchial needle aspiration. Pathology specimens of pancreatic masses, especially
those causing obstructive jaundice are still commonly obtained at the time of diagnostic or
therapeutic ERCP (endoscopic retrograde cholangiopancreatography) with brushing, needle
aspiration, or intraductal biopsy forceps. When lesions cannot be accessed by the above
techniques, more invasive methods, such as mediastinoscopy or operative biopsy (laparo‐
scopic or open) are used. The primary limitations of TUS and CT-guided aspiration include
difficulty in accurately targeting small lesions and finding a safe-skin-to-lesion route, espe‐
cially for deep-seated retroperitoneal, mediastinal or perirectal lesions. The diagnostic yield
of pancreatic malignancies with ERCP biopsy is particularly problematic, with reported sen‐
sitivities ranging from 20% to 80%, and most series having yields of a definitive malignant
diagnosis of only around 50%. The complication rate for ERCP cytologic brushing is report‐
edly as high as 11% for the biliary tree and 21% for pancreatic strictures [12-14].

Commercial radial echoendoscopes were introduced by the Olympus Corporation in 1987.
Although EUS-FNA was performed successfully with radial echoendoscopes, it was not un‐
til 1991, when the linear-array echoendoscopes by Pentax Precision Instruments were intro‐
duced, that EUS-FNA has been extensively utilized for a variety of lesions. Fundamentally,
EUS-FNA involves passing an 18- to 25-gauge aspiration needle through the biopsy port of
an echoendoscope under real-time guidance into a EUS visualized mass lesion, lymph node,
lesion within another organ, or fluid collection.

Although EUS is considered superior to MRI or CT with cross-sectional imaging for tumor
detection smaller than 2 to 3 cm [15, 16], it is the ability to target and place a needle into
suspicious lesions at the closest proximity between the tip of the echoendoscope and the tar‐
geted lesion that has made EUS-FNA indispensable in the pre-operative diagnosis, especial‐
ly in situations where neoadjuvant therapies or non-surgical management might be the
clinical choice. Determining the role of EUS-FNA when alternative diagnostic modalities are
available is difficult to assess in clinical trials; however, decision analysis models have been
used to study the impact of EUS-FNA in lesions of many sites, including non-small-cell lung
cancer with mediastinaladenopathy [17, 18], esophageal cancer and pancreatic cancer
[19-21]. Commonly employed diagnostic modalities including CT-guided or US-guided
FNA, ERCP with brushing, laparoscopic surgical biopsy and EUS-FNA have been analyzed
for their costs, failure rate, testing characteristics and complication rate. In each of these
analyses, EUS-FNA is the most cost-effective approach as the primary diagnostic modality
and the preferred secondary alternative method after a failed initial diagnostic method as
the least costly follow-up method.

The overall complication rate of EUS-FNA appears to be about 1-2% [22, 23], comparable to
that reported with CT or US-guided FNA or biopsy. However, another significant factor fa‐
voring EUS-FNA over transcutaneous biopsy is avoiding the possible risk of needle-tract
seeding[24]. During EUS-FNA the aspiration needle travels from the gut lumen to the lesion,
a pathway that usually does not involve significant crossing of peritoneal or pleural surfa‐
ces. In addition, endosonographers may have multiple options for the most accessible ap‐
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proach to a lesion, such as through esophageal, gastric or duodenal path. In the case of
pancreatic neoplasms, because of EUS-FNA imaging advantages, high diagnostic yields and
concern over needle-tract seeding with transcutaneous aspiration, the 6th edition of the
handbook on cancer staging by the American Joint Committee on Cancer has recommended
EUS-FNA as the preferred sampling technique in pancreatic masses if available[25].

Lastly, EUS-FNA has also opened the era of interventional endoscopic ultrasound (IEUS). In
the same way as FNA, the close proximity between the needle tip and the targeted organ
allows therapeutic procedures, such as injection therapies, to be performed safely and effec‐
tively. This includes EUS-guided celiac plexus neurolysis and block for pain relief, drainage
of pancreatic pseudocysts and pelvic fluid collections, and implantation of fiducial markers
and radioactive seeds into malignant tumors. Other emerging EUS-guided experimental
techniques include antitumor injection, ablation of tumors, and vascular access. IEUS is a
very promising technique with many potential applications [26-28].

On a different note, performance quality in endoscopy is becoming an important issue for
patient care. Currently there is no universally accepted method for performance quality in‐
dicators in EUS, mostly because cancer staging accuracy cannot be verified without surgical
resection. In addition, FNA yields of many sites (such as mediastinal lymph nodes) vary
greatly based on pretest probabilities. Because most pancreatic masses that undergo EUS-
FNA have a very high pretest probability of being malignant and most endosonographers
agree that pancreatic neoplasms are among the most difficult lesions on which to perform
EUS-FNA, the diagnostic yield of EUS-FNA of solid pancreatic masses has become a bench‐
mark for EUS-FNA quality. Much of the data for performance quality has come from series
on pancreatic EUS-FNA, which is also the approach of most of our studies discussed in this
chapter. In a multicenter retrospective study of 1075 patients who underwent EUS-guided
FNA of solid pancreatic masses, the overall diagnostic rate of malignancy was 71%, the me‐
dian rate per center was 78% and the median rate per endoscopist was 75% [29], remarkably
higher than any other aforementioned diagnostic modalities.

The ideal benchmark for pancreatic EUS-FNA performance, however, would be the actual
sensitivity and specificity of diagnosing malignancy and require the criterion standard of ei‐
ther surgical pathology or long-term follow-up, which is the focus of our studies in the next
section.

3. Aim 2: Efficacy and utility of immediate cytologic interpretation on the
diagnostic yield of EUS-FNA of solid and cystic pancreatic and peri-
pancreatic lesions

Intra-procedural on-site immediate interpretation by a cytopathologist is not performed in
some clinical settings. Having a cytopathologist on site is time-consuming and diverts the
pathologist from other duties, and the cytopathologist time is not compensated at the same
rate as routine surgical pathology [30, 31]. In the setting of service time pressure, there is a
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need for evidence based decisions regarding how to allocate pathologists. The clinical im‐
pact of immediate interpretation provided by cytopathologists during the EUS-FNA proce‐
dure and the statistical significance of this cytologic service has been well-
documented[32-43], although with variable conclusions. Many of the previous studies have
included a wide range of disease entities sampled by EUS-FNA procedure. In addition, by
including cystic lesions, previous analysis has been complicated by the high likelihood of
acellular or pauci-cellular specimens obtained from the cystic lesions, which could be inter‐
preted as inadequate on cytology. Thus, the clarity of outcome measurements from previous
studies has been hindered by the complexity of the diseases included, and by inclusion of
cystic lesions with an unduly high “inadequacy” rate. In addition, many previous studies
have used clinical survival years as a surrogate for final assessment of diagnostic accuracy.
Our goal in the hereby presented study is to use EUS-FNA of solid pancreatic masses as the
benchmark procedure to compare diagnostic yield and accuracy in a strictly defined clinical
setting of EUS-FNA performed in the presence or absence of on-site immediate cytologic in‐
terpretation. Histologic examination is used as the gold standard for comparison.

To avoid the confounding sampling issues of cystic lesions, this study was focused on the
diagnostic yield of EUS-FNA in non-cystic pancreatic mass-like lesions. A computer inven‐
tory search located 215 cases during the years 1999-2007 at University of Washington Medi‐
cal Center and Harborview Medical Center, both in Seattle, WA, USA. These included 100
cases where immediate cytologic interpretation was available and 115 cases without imme‐
diate interpretation. Surgical pathology and clinical follow-up information were evaluated
whenever possible. Comparison between the cytologic diagnoses with or without on-site
immediate cytologic interpretation was facilitated by well-documented cytology reports.
“Positive” specimens were defined as suspicious or malignant cytology. “Inadequate” speci‐
mens were defined as “rare atypical cells, non-diagnostic”; “essentially acellular specimen”,
or “gastrointestinal tract carry-over material”. “Negative” specimens were defined as “ade‐
quate cellularity with benign or reactive features”.

As shown in Table 1, the rate of inadequate specimens was significantly lower for cases with
immediate cytologic interpretation (1% versus 21%; p <0. 0001). Although not statistically
significant, there was a trend toward the need for fewer repeat procedures with the availa‐
bility of immediate evaluation (rate 5% versus 10%; p <0. 3).

N = Positive

On Cytology

N = Negative

On Cytology

Inadequate Case

N (%)

Repeat EUS-FNA

Procedure N (%)

Immediate Interpretation

(N = 100)

60 39 1 (1%) 5 (5%)

No immediate Interpretation

(N = 115)

58 33 24 (21%) 11 (10%)

P Value < 0. 0001 < 0. 3

Table 1. EUS-FNA of non-cystic pancreatic mass-like lesions with or without immediate interpretation for all cases
(N=215)
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Of the 215 cases, surgical pathology follow-up was available for 55 cases. As would be ex‐
pected, the majority of pancreatic mass lesions with surgical pathology comprised chronic
pancreatitis (n=14), pancreatic ductal adenocarcinoma (n=29), and pancreatic endocrine neo‐
plasms (n=7) (Table 2).

Case Type Case Number (N)

Chronic pancreatitis 14

Pancreatic ductal adenocarcinoma 29

Pancreatic endocrine neoplasm 7

Solid pseudopapillary neoplasm of pancreas 2

Lymphoma 2

Fibromatosis 1

Table 2. Cases with histologic diagnoses (total N=55)

With histologic follow-up, we identified one false positive case, both at immediate inter‐
pretation  and  at  final  cytologic  review,  for  which  no  neoplasm  was  identified  at  the
open surgery or at repeat EUS-FNA procedure; this may have been a reactive mass that
resolved after  resolution of  inflammation (with 12 months follow up).  Cases with nega‐
tive cytology results usually do not progress to surgical intervention, and surgical resec‐
tion  is  also  not  performed in  cases  with  unresectable  malignancy.  Due  to  the  expected
small  number  of  cytologically  negative  cases  with  histologic  follow-up,  the  single  false
positive case would have weighed un-proportionally in the calculation of specificity and
positive  predictive  value.  False  negative  cases  represented well-differentiated  pancreatic
adenocarcinomas  and  cases  of  unrepresentative  sampling,  including  one  case  of  fibro‐
matosis  of  pancreas.  The number of  cases with diagnostic  discrepancy between cytolog‐
ic  and histologic  diagnoses,  and the corresponding statistical  values,  are summarized in
Table  3  and  Table  4.  When  comparing  cases  with  on-site  cytopathology  immediate  in‐
terpretation  to  those  without,  there  was  a  trend toward greater  sensitivity  (83% versus
65%,  p=0.19)  with similar  specificity  (86% versus 100%,  p=0.29).  There  was also a  trend
toward lower  cytologic-histologic  discordance  rate  in  cases  with  availability  of  immedi‐
ate  interpretation  by  cytopathologists  (16% versus  27%,  p=0.34).  Positive  predictive  val‐
ue  was  comparable  for  cases  where  cytopathologists  were  present  on-site  compared
with cases  where no cytopathologists  were present  (94% versus 100%,  p=0.  32),  but  the
availability  of  immediate  interpretation  resulted  in  a  higher  negative  predictive  value
(67% versus 47%, p=0.34).
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N=Positive

cytology,

neoplastic

histology (TP)

N= Positive

cytology, benign

histology

(FP)

N=Benign

cytology,

benign

histology (TN)

N=Benign

cytology,

neoplastic

histology (FN)

N= Total histologic

follow-up available

(TP+FP+TN+FN)

On-Site

Interpretation

15 1 6 3 25

No On-Site

Interpretation

15 0 7 8 30

TP:True positive cytologic diagnosis

FP:False positive cytologic diagnosis

TN:True negative cytologic diagnosis

FN:False negative cytologic diagnosis

Table 3. Discrepancy between cytologic and histologic diagnoses (N=55)

Histologic

follow-up

available

Discordance rate Sensitivity Specificity PPV NPV

On-Site

Interpretation

25 16% 83% 86% 94% 67%

No On-Site

Interpretation

30 27% 65% 100% 100% 47%

Histological follow-up available: T=TP+FP+TN+FN

Discordance rate:FP+FN/T

Sensitivity:TP/TP+FN

Specificity:TN/TN+FP

Positive predictive value on cytology (PPV):TP/TP+FP

Negative predictive value on cytology (NPV):TN/TN+FN

Table 4. Performance characteristics according to the availability of on-site cytopathology (N=55 cases)

In this study, the drop of the inadequacy rate from 21% without on-site immediate interpre‐
tation to 1% with on-site immediate interpretation is highly statistically significant (p value
< 0.0001). The repeat procedure rate dropped correspondingly from 10% to 5%. It has been
shown that EUS-FNA would lose its advantage over the other diagnostic options if its fail‐
ure rate were over 20% [44]. The EUS-FNA procedure in various body sites (thyroid, breast,
lung, etc. ) generally has a comparable reported failure rate when performed without imme‐
diate interpretation, with an average failure rate of 20% and a maximum of reported failure
rate of 32% [32, 33, 45-47]. In our current study, without immediate interpretation, our inad‐
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equacy rate was 21%, a rate at which the procedure may not be cost effective over other di‐
agnostic options. On-site immediate cytology interpretation of EUS-FNA of solid pancreatic
lesions thus results in cost savings, reduced intervals between diagnosis and therapeutic in‐
tervention, and enhanced patient care.

An important task at the EUS-FNA procedure is representative sampling of the lesion. With
on-site immediate microscopic evaluation of part of the sample, an experienced cytologist
should be able to assess the cellularity of the sampling and to differentiate gastrointestinal
tract carryover material from moderately to poorly differentiated malignant cells. The pres‐
ence of dense numbers of inflammatory cells, necrotic debris, and fibrous stromal elements
provides good evidence that the endosonographer is actually sampling the targeted lesion.
In our experience, on-site communication with immediate feedback is invaluable in guiding
the next needle pass. Another indispensable value is that immediate evaluation gives the
pathologists the best opportunity to triage the sampled material for its optimal use, includ‐
ing sending fresh specimen for flow cytometry analysis for possible lymphoproliferative dis‐
ease, sending cyst contents for microbiology tests, or chemical analysis for tumor markers,
such as amylase, CEA, CA19-9, etc. All those commonly available laboratory tests cannot be
performed once the specimen is fixed.

What is the impact of EUS-FNA on-site evaluation in situations of non-solid pancreatic le‐
sions [48-52]? In our daily practice of cytology, EUS-FNA specimens comprise almost half the
volume of our on-site immediate assessment service. There are occasions when the aspirated
material has presented with an unusual or unexpected, and yet remarkable gross appearance.
On-site availability gives us the advantage of observing the gross appearance of freshly aspi‐
rated material. With increased experience, we feel these grossly “unusual” aspirates can ac‐
tually  help  to  raise  our  suspicion towards  a  relatively  specific  diagnosis  and triage  the
material for certain helpful laboratory tests. In our 2008 publication, we conducted 10-year in‐
stitutional case review and summarized three different patterns of gross appearance of aspi‐
rated material from non-neoplastic pancreatic and peri-pancreatic cystic lesions [53].

3.1. Pattern 1: Grossly yellowish-green pasty material

Case 1: we encountered two patients who presented with almost identical gross and micro‐
scopic findings at EUS-FNA. The first patient was a 52-year-old male with a past medical
history of acute gallstone pancreatitis 4 years prior, treated by cholecystectomy. He has had
no other episodes of pancreatitis after the surgery. During a workup for his nephrolithiasis,
CT scan incidentally identified a 3 cm unilocular cyst adjacent to the neck and body of his
pancreas. Endoscopic ultrasound was requested in order to evaluate this peri-pancreatic
cystic lesion. On site, EUS revealed a 3.4 cm primarily hypoechoic lesion. Aspirated material
had an unusual yellowish-green gross appearance with a pasty texture. Microscopically, the
smears contain rare squamous cells of gut luminal origin, abundant amorphous material
and acellular debris (Figure 1, A). A Hall’s stain for bilirubin showed focal staining, sugges‐
tive of bile pigment (Figure 1, B). Serum amylase assay was within normal range during this
period. In light of the cytological finding and clinical presentation, it was felt that the lesion
was most consistent with a small, chronic biloma, which likely developed at the time of his
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follow-up
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On-Site
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provides good evidence that the endosonographer is actually sampling the targeted lesion.
In our experience, on-site communication with immediate feedback is invaluable in guiding
the next needle pass. Another indispensable value is that immediate evaluation gives the
pathologists the best opportunity to triage the sampled material for its optimal use, includ‐
ing sending fresh specimen for flow cytometry analysis for possible lymphoproliferative dis‐
ease, sending cyst contents for microbiology tests, or chemical analysis for tumor markers,
such as amylase, CEA, CA19-9, etc. All those commonly available laboratory tests cannot be
performed once the specimen is fixed.
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volume of our on-site immediate assessment service. There are occasions when the aspirated
material has presented with an unusual or unexpected, and yet remarkable gross appearance.
On-site availability gives us the advantage of observing the gross appearance of freshly aspi‐
rated material. With increased experience, we feel these grossly “unusual” aspirates can ac‐
tually  help  to  raise  our  suspicion towards  a  relatively  specific  diagnosis  and triage  the
material for certain helpful laboratory tests. In our 2008 publication, we conducted 10-year in‐
stitutional case review and summarized three different patterns of gross appearance of aspi‐
rated material from non-neoplastic pancreatic and peri-pancreatic cystic lesions [53].

3.1. Pattern 1: Grossly yellowish-green pasty material

Case 1: we encountered two patients who presented with almost identical gross and micro‐
scopic findings at EUS-FNA. The first patient was a 52-year-old male with a past medical
history of acute gallstone pancreatitis 4 years prior, treated by cholecystectomy. He has had
no other episodes of pancreatitis after the surgery. During a workup for his nephrolithiasis,
CT scan incidentally identified a 3 cm unilocular cyst adjacent to the neck and body of his
pancreas. Endoscopic ultrasound was requested in order to evaluate this peri-pancreatic
cystic lesion. On site, EUS revealed a 3.4 cm primarily hypoechoic lesion. Aspirated material
had an unusual yellowish-green gross appearance with a pasty texture. Microscopically, the
smears contain rare squamous cells of gut luminal origin, abundant amorphous material
and acellular debris (Figure 1, A). A Hall’s stain for bilirubin showed focal staining, sugges‐
tive of bile pigment (Figure 1, B). Serum amylase assay was within normal range during this
period. In light of the cytological finding and clinical presentation, it was felt that the lesion
was most consistent with a small, chronic biloma, which likely developed at the time of his
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cholecystectomy. Follow up CT scan revealed an unchanged cyst and no further evaluation
was recommended.

Figure 1. Representative cytologic findings in a case of biloma. Panel A:High-power view showing abundant amor‐
phous material and acellular debris (Papanicolaou stain, 400x). Panel B: A Hall’s stain for bilirubin showed focal stain‐
ing, suggestive of bile pigment (Hall’s stain, 400x).

Case 2: the second patient was a 39-year-old male with a history of chronic pancreatitis.
During the workup for his intermittent upper abdominal pain, CT scan revealed a 2 cm hy‐
podense mass off the tail of his pancreas. The patient underwent EUS-FNA twice. Each time
EUS revealed a 2cm hypoechoic mass off the tail of the pancreas and grossly similar copious
yellowish-green material was aspirated and submitted for cytology. Microscopically, both
EUS-FNA specimens from this patient revealed almost identical findings as our previous
case with abundant bile-stained cyst contents and amorphous debris (Data not shown). No
inflammation was present. Concurrent serum CA19-9 assay was within normal limits. Al‐
though a specific diagnosis of biloma was not rendered on the original report, findings ar‐
gue for a benign cystic lesion and a CT follow-up for the stability of the lesion was
recommended without further intervention.

3.2. Pattern 2: Grossly tan-white cheesy material

Case 3: this was a 42-year-old male with chronic alcohol use and chronic hepatitis B and HIV
co-infection. CT scan found a cystic lesion near the pancreatic tail, which had been stable in
size. EUS identified a 2.5 cm complex cystic lesion adjacent to the pancreatic tail with both cyst‐
ic and solid components. Aspirated material was grossly tan-white in color and semi-solid,
cheesy in texture. Most of the material was lost during processing when air-dried or alcohol-
fixed slides with Diff-Quik or Papanicolaou staining was attempted. Microscopic examination
only revealed abundant amorphous degenerate material (Figure 2, A). Given the suspicion that
material was dissolved by alcohol, Oil-Red O stain was performed on air-dried slides and
showed variable fat staining (Figure 2, B). Because of the unusual gross appearance, the aspi‐
rated material on site was also sent for microbiology (negative findings) and assayed for CEA
(164971 ng/ml), and amylase (2357 u/L). The significantly elevated CEA level was concerning
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for malignancy. The patient subsequently underwent a distal pancreatectomy and splenecto‐
my. Surgical pathology specimen revealed a cyst present in the adipose tissue adjacent to the
pancreas filled with tan-white cheesy material. Microscopically, the cyst is lined by mature ker‐
atinizing squamous epithelium and lymphoid tissue with germinal centers surrounding the
epithelium, consistent with a lymphoepithelial cyst (LEC) of the pancreas (Figure 2, C & D).
The possibility of a dermoid cyst was also considered due to the evident sebaceous gland dif‐
ferentiation beneath the squamous epithelium. However, the lack of hair follicles and sweat
glands and the presence of dense lymphoid tissue with germinal centers were most consistent
with the diagnosis of LEC of the pancreas. We presume that the abundant oily material filling
the cyst was partially due to the secretion of the sebaceous glands that accumulated intracyto‐
plasmic lipid droplets and produced oily sebum extracellularly. Mixed in with keratin debris,
this material could account for the unusual gross-appearance of that tan-white semi-solid athe‐
romatous material aspirated from this patient on EUS-FNA.

Figure 2. Microscopic findings of a lymphoepithelial cyst of pancreas with sebaceous differentiation. Panel A:High-
power view of cytology aspiration revealing abundant amorphous degenerate material (Papanicolaou stain, 400x).
Panel B:Oil-Red O stain on air-dried slides showing focally variable fat staining (Oil-Red O 100x). Panel C:Low-power
view of the subsequent surgical pathology specimen revealing a pancreatic cystic lesion lined by mature keratinizing
squamous epithelium and lymphoid tissue with germinal centers surrounding the epithelium (Hematoxylin and eosin
stain, 100x). Panel D:High-power view showing evident sebaceous gland differentiation of the squamous epithelial
lining of the cyst (Hematoxylin and eosin stain, 400x).
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cholecystectomy. Follow up CT scan revealed an unchanged cyst and no further evaluation
was recommended.
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phous material and acellular debris (Papanicolaou stain, 400x). Panel B: A Hall’s stain for bilirubin showed focal stain‐
ing, suggestive of bile pigment (Hall’s stain, 400x).
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During the workup for his intermittent upper abdominal pain, CT scan revealed a 2 cm hy‐
podense mass off the tail of his pancreas. The patient underwent EUS-FNA twice. Each time
EUS revealed a 2cm hypoechoic mass off the tail of the pancreas and grossly similar copious
yellowish-green material was aspirated and submitted for cytology. Microscopically, both
EUS-FNA specimens from this patient revealed almost identical findings as our previous
case with abundant bile-stained cyst contents and amorphous debris (Data not shown). No
inflammation was present. Concurrent serum CA19-9 assay was within normal limits. Al‐
though a specific diagnosis of biloma was not rendered on the original report, findings ar‐
gue for a benign cystic lesion and a CT follow-up for the stability of the lesion was
recommended without further intervention.

3.2. Pattern 2: Grossly tan-white cheesy material

Case 3: this was a 42-year-old male with chronic alcohol use and chronic hepatitis B and HIV
co-infection. CT scan found a cystic lesion near the pancreatic tail, which had been stable in
size. EUS identified a 2.5 cm complex cystic lesion adjacent to the pancreatic tail with both cyst‐
ic and solid components. Aspirated material was grossly tan-white in color and semi-solid,
cheesy in texture. Most of the material was lost during processing when air-dried or alcohol-
fixed slides with Diff-Quik or Papanicolaou staining was attempted. Microscopic examination
only revealed abundant amorphous degenerate material (Figure 2, A). Given the suspicion that
material was dissolved by alcohol, Oil-Red O stain was performed on air-dried slides and
showed variable fat staining (Figure 2, B). Because of the unusual gross appearance, the aspi‐
rated material on site was also sent for microbiology (negative findings) and assayed for CEA
(164971 ng/ml), and amylase (2357 u/L). The significantly elevated CEA level was concerning
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for malignancy. The patient subsequently underwent a distal pancreatectomy and splenecto‐
my. Surgical pathology specimen revealed a cyst present in the adipose tissue adjacent to the
pancreas filled with tan-white cheesy material. Microscopically, the cyst is lined by mature ker‐
atinizing squamous epithelium and lymphoid tissue with germinal centers surrounding the
epithelium, consistent with a lymphoepithelial cyst (LEC) of the pancreas (Figure 2, C & D).
The possibility of a dermoid cyst was also considered due to the evident sebaceous gland dif‐
ferentiation beneath the squamous epithelium. However, the lack of hair follicles and sweat
glands and the presence of dense lymphoid tissue with germinal centers were most consistent
with the diagnosis of LEC of the pancreas. We presume that the abundant oily material filling
the cyst was partially due to the secretion of the sebaceous glands that accumulated intracyto‐
plasmic lipid droplets and produced oily sebum extracellularly. Mixed in with keratin debris,
this material could account for the unusual gross-appearance of that tan-white semi-solid athe‐
romatous material aspirated from this patient on EUS-FNA.

Figure 2. Microscopic findings of a lymphoepithelial cyst of pancreas with sebaceous differentiation. Panel A:High-
power view of cytology aspiration revealing abundant amorphous degenerate material (Papanicolaou stain, 400x).
Panel B:Oil-Red O stain on air-dried slides showing focally variable fat staining (Oil-Red O 100x). Panel C:Low-power
view of the subsequent surgical pathology specimen revealing a pancreatic cystic lesion lined by mature keratinizing
squamous epithelium and lymphoid tissue with germinal centers surrounding the epithelium (Hematoxylin and eosin
stain, 100x). Panel D:High-power view showing evident sebaceous gland differentiation of the squamous epithelial
lining of the cyst (Hematoxylin and eosin stain, 400x).
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3.3. Pattern 3: Grossly amber clear fluid, can be darker due to thickness

Cases 4-6: a computer inventory search from year 1997-2007 at University of Washington al‐
lowed us to review three additional cases of lymphoepithelial cysts with cytological diagno‐
sis and follow-up surgical resections. The features of these 3 cases are summarized in Table
5. All those surgical-proven lymphoepithelial cysts showed grossly clear fluid on cytology
aspiration with color variation described from light yellow to darker-brown. Available labo‐
ratory data showed low amylase and CEA level. The follow-up surgical specimens revealed
simple lymphoepithelial cysts with no sebaceous gland differentiation.

Cases 7-8: also included in Table 5 are two cases of surgical-proven pancreatic pseudocyst
that presented with grossly similar amber clear to brownish fluid on aspiration while con‐
current amylase and CEA level were in the normal range.

Case 4 5 6 7 8

Patient 35 yo M 42 yo F 51 yo M 42 yo F 60 yo F

Surgical

Diagnosis

LEC LEC LEC Pseudocyst Pseudocyst

Clinical

History

Lower

quadrant colic

pain for 9

months.

Questionable mild

chronic pancreatitis

Choledocolithiasis, s/p

cholecystectomy and 3

weeks abdominal pain

Alcohol use; 10yr h/o

epigastric pain

Alcohol use; liver

cirrhosis and

chronic pancreatitis

Imaging

Study

4.6 cm cystic

lesion at the

junction of

pancreatic

head and body

3.4 cm well-

circumscribed

radiolucent mass

4. 5 cm heterogeneous

microcystic mass adjacent

to the uncinate process

3.5 cm circumscribed,

heterogenous

pancreatic head mass

3.3 cm well

demarcated,

heterogeneous

pancreatic head

mass

Gross on EUS-

FNA

Clear light

yellow fluid

Clear fluid No fluid obtained Serosanguinous fluid Brownish fluid

Cytology Dx Cystic contents

and debris, no

epithelium

identified

Rare degenerated

cells and

proteinaceous

debris

Degenerative and

necrotic adipose tissue

Inflammatory cells,

hemosiderin pigment

and debris

Inflammatory cells

and fragments of

fibrous tissue

Lab Data Amylase:

24-354 U/L;

CEA:25.6-34. 5

ng/ml

CA19-9:8 U/ml

Amylase:35 U/L;

CA19-9:12 U/ml

Amylase:13-53 U/L; Amylase:18-54 U/L;

CEA:3.1 ng/ml

CA19-9:4.5-6.1 U/ml

Amylase:12-15 U/L;

* Both lymphoepithelial cyst (LEC) and pancreatic pseudocyst can grossly show amber clear fluid upon fine needle aspi‐
ration. Fluid can also be thicker in texture and darker in color due to hemorrhagic changes.

Table 5. Salient features of 3 cases of LEC and 2 cases of pancreatic pseudocyst.
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Our experience tells us that being fully aware of the limitations on cytology diagnosis and
the  high possibility  of  non-representative  sampling of  the  lesions,  cytologists  should be
ready to reject or classify the specimens as non-diagnostic in many situations of acellular
cytological material and thus avoid misleading the clinical decisions with an erroneous di‐
agnosis. On the other hand, based on the individual institute settings and the availabilities
of cytopathologists for on-site immediate assessment,  cytology diagnosis tends to ignore
the gross appearance of the aspirated material and the background material is also often
overlooked  microscopically,  especially  in  an  acellular  cytology  specimen.  Incorporating
those  gross  material  observations  can  sometimes  add  valuable  information  towards  a
pathological diagnosis.

We presented three entities (8 cases) here in an attempt to highlight the diagnostic value of
gross appearance in fine needle aspiration cytology that can provide clues to the nature of
a pancreatic or a peripancreatic cystic lesion. These three entities: biloma, pancreatic lym‐
phoepithelial  cyst  and  pancreatic  pseudocyst,  although  considered  uncommon  and  not
widely  represented in  the  cytology literature,  are  actually  encountered more  commonly
now with the rapid advance of our imaging and imaging guided-sampling practices. On
cytology specimens, those are the lesions that generally produce acellular or sparsely cellu‐
lar material (not including carryover material from gastrointestinal luminal origin). How‐
ever by carefully combining the clinical,  radiological,  laboratory and cytological findings
grossly and microscopically, cytology can help lead to or confirm clinical judgments and
aid in patient care.

A biloma is an encapsulated bile collection outside the biliary tree. The underlying causes
include iatrogenic, traumatic, and spontaneous injury of the biliary tree causing bile leaks.
Its diagnosis can be established upon clinical history, imaging studies, and needle aspiration
cytology and chemical analysis of the aspirated fluid. The symptomatic biloma if left un‐
treated may result in significant morbidity and mortality. However, non-surgical interven‐
tion is considered the first choice of treatment for biloma, especially in many asymptomatic
situations. Alternatively symptomatic biloma may be treated successfully with intervention‐
al radiologic techniques instead of open surgery [54, 55]. It was recently reported that endo‐
scopic ultrasound-guided fine-needle aspiration of an infected biloma, together with
endoscopic biliary stent placement, resulted in complete resolution of a patient’s biloma
[56]. Thus, cytological diagnosis of biloma upon EUS-FNA can help a great deal in manag‐
ing this potentially complex problem.

A wide variety of cystic lesions can arise within or adjacent to the pancreas. They can be
generally placed into non-neoplastic and neoplastic categories. The non-neoplastic cystic le‐
sions can be both congenital and acquired. EUS-FNA has emerged as the primary choice for
obtaining diagnostic material on pancreatic cystic lesions. Aspirated cystic fluid analysis for
pancreatic enzymes, tumor markers, and fluid viscosity can be of great help in the differen‐
tial diagnosis. Non-neoplastic cysts generally are high on amylase level and low on tumor
markers (CEA, CA 19-9) while these tumor markers are generally elevated in malignant
cystic neoplasms, but low in non-neoplastic or benign neoplastic cysts. Having said that, ex‐
ceptions do occur and no standardized values exist among institutions. On cytology speci‐
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3.3. Pattern 3: Grossly amber clear fluid, can be darker due to thickness

Cases 4-6: a computer inventory search from year 1997-2007 at University of Washington al‐
lowed us to review three additional cases of lymphoepithelial cysts with cytological diagno‐
sis and follow-up surgical resections. The features of these 3 cases are summarized in Table
5. All those surgical-proven lymphoepithelial cysts showed grossly clear fluid on cytology
aspiration with color variation described from light yellow to darker-brown. Available labo‐
ratory data showed low amylase and CEA level. The follow-up surgical specimens revealed
simple lymphoepithelial cysts with no sebaceous gland differentiation.

Cases 7-8: also included in Table 5 are two cases of surgical-proven pancreatic pseudocyst
that presented with grossly similar amber clear to brownish fluid on aspiration while con‐
current amylase and CEA level were in the normal range.
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pain for 9
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debris

Degenerative and
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and fragments of

fibrous tissue
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24-354 U/L;

CEA:25.6-34. 5
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CA19-9:8 U/ml

Amylase:35 U/L;

CA19-9:12 U/ml

Amylase:13-53 U/L; Amylase:18-54 U/L;

CEA:3.1 ng/ml

CA19-9:4.5-6.1 U/ml

Amylase:12-15 U/L;

* Both lymphoepithelial cyst (LEC) and pancreatic pseudocyst can grossly show amber clear fluid upon fine needle aspi‐
ration. Fluid can also be thicker in texture and darker in color due to hemorrhagic changes.

Table 5. Salient features of 3 cases of LEC and 2 cases of pancreatic pseudocyst.
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Our experience tells us that being fully aware of the limitations on cytology diagnosis and
the  high possibility  of  non-representative  sampling of  the  lesions,  cytologists  should be
ready to reject or classify the specimens as non-diagnostic in many situations of acellular
cytological material and thus avoid misleading the clinical decisions with an erroneous di‐
agnosis. On the other hand, based on the individual institute settings and the availabilities
of cytopathologists for on-site immediate assessment,  cytology diagnosis tends to ignore
the gross appearance of the aspirated material and the background material is also often
overlooked  microscopically,  especially  in  an  acellular  cytology  specimen.  Incorporating
those  gross  material  observations  can  sometimes  add  valuable  information  towards  a
pathological diagnosis.

We presented three entities (8 cases) here in an attempt to highlight the diagnostic value of
gross appearance in fine needle aspiration cytology that can provide clues to the nature of
a pancreatic or a peripancreatic cystic lesion. These three entities: biloma, pancreatic lym‐
phoepithelial  cyst  and  pancreatic  pseudocyst,  although  considered  uncommon  and  not
widely  represented in  the  cytology literature,  are  actually  encountered more  commonly
now with the rapid advance of our imaging and imaging guided-sampling practices. On
cytology specimens, those are the lesions that generally produce acellular or sparsely cellu‐
lar material (not including carryover material from gastrointestinal luminal origin). How‐
ever by carefully combining the clinical,  radiological,  laboratory and cytological findings
grossly and microscopically, cytology can help lead to or confirm clinical judgments and
aid in patient care.

A biloma is an encapsulated bile collection outside the biliary tree. The underlying causes
include iatrogenic, traumatic, and spontaneous injury of the biliary tree causing bile leaks.
Its diagnosis can be established upon clinical history, imaging studies, and needle aspiration
cytology and chemical analysis of the aspirated fluid. The symptomatic biloma if left un‐
treated may result in significant morbidity and mortality. However, non-surgical interven‐
tion is considered the first choice of treatment for biloma, especially in many asymptomatic
situations. Alternatively symptomatic biloma may be treated successfully with intervention‐
al radiologic techniques instead of open surgery [54, 55]. It was recently reported that endo‐
scopic ultrasound-guided fine-needle aspiration of an infected biloma, together with
endoscopic biliary stent placement, resulted in complete resolution of a patient’s biloma
[56]. Thus, cytological diagnosis of biloma upon EUS-FNA can help a great deal in manag‐
ing this potentially complex problem.

A wide variety of cystic lesions can arise within or adjacent to the pancreas. They can be
generally placed into non-neoplastic and neoplastic categories. The non-neoplastic cystic le‐
sions can be both congenital and acquired. EUS-FNA has emerged as the primary choice for
obtaining diagnostic material on pancreatic cystic lesions. Aspirated cystic fluid analysis for
pancreatic enzymes, tumor markers, and fluid viscosity can be of great help in the differen‐
tial diagnosis. Non-neoplastic cysts generally are high on amylase level and low on tumor
markers (CEA, CA 19-9) while these tumor markers are generally elevated in malignant
cystic neoplasms, but low in non-neoplastic or benign neoplastic cysts. Having said that, ex‐
ceptions do occur and no standardized values exist among institutions. On cytology speci‐
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men, neoplastic cystic lesions usually produce a more cellular aspirate compared to non-
neoplastic cysts if appropriately sampled.

The acquired non-neoplastic pancreatic cysts include dermoid cysts, LECs and pseudocysts.
Both dermoid cysts and LECs are squamous-lined non-neoplastic cysts. LECs are benign
cystic lesions [57] seen predominantly in males, in the fifth to sixth decades of life. They may
be unilocular or multilocular. The cyst contents may vary from serous to cheesy/casseous-
appearing material depending on the degree of keratin formation. Microscopically, the cysts
are lined by well-differentiated stratified squamous epithelium, which may or may not have
prominent keratinization. In some areas, the lining may appear more transitional, and in
others, flat, cuboidal, or focally denuded. The squamous epithelium is surrounded by a
band of dense lymphoid tissue composed of mature T-lymphocytes with intervening germi‐
nal centers formed by B cells. The representative aspirate findings are non-specific, showing
a mixed population of lymphocytes, histiocytes in a background of keratin debris and pro‐
teinaceous debris. Squamous lining cells may be seen. The occurrence of sebaceous glands in
LEC of pancreas is well documented [58]. It is unclear whether the florid sebaceous glandu‐
lar differentiation correlates with the exceedingly elevated CEA and amylase level in our pa‐
tient. LECs of the pancreas do not appear to be associated with any autoimmune conditions,
human immunodeficiency virus infection, lymphoma, or carcinoma. All of these lesions
have been documented to occur in their salivary gland counterparts [59]. Dermoid cysts are
also rare in the pancreas region. They are reported in younger patients (2nd-3rd decades). The
presence of sebaceous glands or hair follicles and absence of closely associated lymphoid tis‐
sue is more typical for dermoid cysts and differentiate them from LECs.

Pancreatic pseudocysts account for the vast majority (75-90%) of pancreatic cysts [60]. Pseu‐
docyst lacks an epithelial lining. It develops when a focus of peri-pancreatic fat necrosis is
resorbed, producing a debris-filled space rich in pancreatic exocrine enzymes. It is in general
composed of an inflammatory fibrous capsule surrounding a region of necrosis. However,
the pathologic findings may vary depending on the stage of the process. The cyst contents,
originally necrotic fat, transform into a mixture of necrotic cells, enzymes, scavenger cells,
cholesterol clefts and sometimes neutrophils. The tissue that surrounds the necrotic material
first produces granulation tissue, and eventually becomes a fibrotic pseudocapsule. FNA
usually yields clear to dark brown fluid, which often but not always (as in our cases) shows
elevated amylase level on fluid analysis. Aspirate smears are again non-specific and com‐
posed of granular necrotic debris and mixed inflammatory cells [61]. A clinical history of
pancreatitis and confirmatory gross evidence of pancreatitis on imaging should confirm the
diagnosis. The diagnosis of pseudocyst on cytology should be considered one of exclusion.

4. Aim 3: Application of immunocytochemistry (ICC) studies in EUS-
FNA obtained cytology material

When applying ancillary techniques in cytologic specimens, cytopathologists often encoun‐
ter the difficulties of limited material, lack of negative or positive controls or lack of internal
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controls. On the other hand, the presence of internal control material can sometimes add
confusion rather than reassurance in ICC-stained material. Nevertheless, by carefully and
strategically using the cytology specimen, immunocytochemical studies are often achievable
with limited aspiration material. We have used some of the techniques that have been de‐
scribed by others, such as immunostaining over Papanicolaou-stained monolayer slides; ap‐
plying different antibodies to different areas of one smear slide; or making cell block
preparations whenever possible. When unstained material is not available and no cell block
is initially prepared, Dr. V. Grieco and her colleagues at Harborview Medical Center, Seattle,
Washington, have used a scraped slide technique that transfers smear material on Papanico‐
laou stained slides into paraffin embedded cell blocks. The cell block can then be used for
ICC with appropriate controls. If successful, this may avoid the necessity of obtaining addi‐
tional tissue. We have routinely used this scraped cell block technique in our daily practice
as well as in research projects. We hereby briefly discuss our mucin study project with ar‐
chival cytology material from 1997-2007 at University of Washington, presented at Digestive
Disease Week [62]. Schema of Scraping Technique is illustrated in Figure 3: scraping the ma‐
terial from rehydrated direct smear slides into a cell block preparation.

Figure 3. Schema of Scrapped Cell Block Technique:Papanicolaou-stained cellular direct smears are placed in xylene,
coverslip removed, and re-hydrated in sequentially graded ethanol to tap water. The cellular material is then scraped
from the glass slides using a razor blade, embedded in Histogel and processed with routine cell block preparation.
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Cytology diagnosis of mucin-producing pancreatic neoplasms including mucinous non-
cystic carcinoma (colloid carcinoma), mucinous cystic neoplasm, and intraductal papillary-
mucinous neoplasm (IPMN) is important because of the speculation that disruption of the
integrity of these mucinous tumors by an incisional biopsy may cause dissemination of tu‐
mor cells with mucin and worsen the prognosis. Mucin-detection is not always an easy task
on EUS-FNA specimen. Reactive/inflammatory pancreatitis can cause dilated ducts and‐
pseudocyst formation with proteinaceous precipitate that can be mistaken as mucinous ma‐
terial. Sheets of carry-over gastric foveolar cells can mimic cells from mucinous neoplasia
[ 63-67]. By applying conventional cytochemistry including PAS (periodic acid-Schiff reac‐
tion), PASD (PAS with diastase), alcian blue and mucicarmin, in conjunction withmucin
protein (MUC1, MUC2) immunostaining on surgical-proven cytology specimens, this study
aims at selecting a practical diagnostic tool to enhance the diagnostic accuracy of detecting
mucin-producing pancreatic neoplasms.

Studied material include: 1) Bench FNA specimens performed on autopsy or surgical-ob‐
tained normal tissue that are likely to be carried-over during an endoscopic procedure in‐
cluding pancreas, gastric body, pylorus and duodenum; 2) EUS-FNA (with scraped cell
block preparation by scraping archival smears into a cell block), along with subsequent sur‐
gical specimens on mucinous cystadenoma, borderline mucinous cystic neoplasm, IPMN,
colloid carcinoma and ductal adenocarcinma with mucin production; 3) Non-mucin produc‐
ing lesions including solid pseudopapillary tumor and chronic pancreatitis with dilated
duct. Our data demonstrate that mucicarmin is very insensitive in detecting mucin produc‐
tion. We are unable to show reliable mucicarmin staining on both surgical and cytology
specimen of IPMN(Figure 4, Panel D-F) as well as mucinous cystic neoplasia cases. MUC1
and MUC 2 immunostains do not consistently pick up mucin production by pancreatic neo‐
plasia on cytology specimens either. In contrast, PAS/PAS-Diastase are a reliable and sensi‐
tive marker to stain background mucin material and mucin-producing epithelial cells on
cytology, yet specific enough to distinguish proteinaceous precipitate in a pancreatitis case
(Figure 4, Panel A-C, precipitate in a dilated duct that was mistaken as possible mucinous
material on cytology). The results have directed our daily practice on the use of mucin stains
on cytologic diagnosis of pancreatic mucinous neoplasia.

Concomitant use of ICC can greatly enhance the diagnostic accuracy on cytology specimens,
especially when it comes to the diagnostic entities invariably requiring immunophenotypic
identification, such as in the diagnosis of pancreatic endocrine neoplasia (PENs) [68-72].
However, due to the initial unanticipated nature of the lesion, lack of cytopathologist on site
or difficulties of the procedure, sufficient aspirate/biopsy material for cellblock preparation
is not always available. By using the scraped cell block technique, a select panel of immuno‐
cytochemical studies can be achieved to aid in the diagnosis of PEN. Using the aforemen‐
tioned scraped cell block technique, figure 5 shows strong expression of the neuroendocrine
immuno-marker, chromogranin, by the neoplastic cells. Figure 6 shows neoplastic cells
stained positively with the neuroendocrine marker, synaptophysin by directly applying the
antibody onto a Papanicolaou-stained charged monolayer slide.
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Figure 4. In a case of IPMN, with negative staining for mucicarmine and MUC1, PASD highlighted the mucinous neo‐
plastic cells uniformly (panel D-F). Negative PASD staining in a pancreatitis case with precipitate in a dilated duct that
was mistaken as possible mucinous material on cytology initially (panel A-C).
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Figure 5. Immunocytochemical stain on a scraped cellblock section displaying strong expression of neuroendocrine
marker, Chromogranin by the neoplastic cells (Scraped material for cell block preparation, 400x).

Figure 6. Neoplastic cells on a monolayer slide stained positively with neuroendocrine marker, synaptophysin anti‐
body (400x)
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Before leaving this section, it should also be stated that in cytology, as in surgical pathology,
the light microscopic appearance of the tumor is more important than a particular staining
result and that immunocytochemistry should be used for confirmation of the cytomorpho‐
logical diagnosis. Be aware of that the staining of cytology specimens is often focal and
sometimes difficult to interpret, because of various factors, including limited material, high
background staining, and the presence of three-dimensional clusters with non-specific stain‐
ing and edge artifact. A combined clinical, radiographic and pathologic approach should al‐
ways be emphasized in rendering each diagnosis.

5. Aim 4: EUS-FNA as a source of material for molecular studies

We are at the beginning of the era of clinical application of molecular probes to assess genet‐
ic alterations. Many assays have become clinically available in identifying genetic alterations
that serve as prognostic markers and therapeutic targets. EGFR expression in head and neck
cancers, non-small cell lung carcinomas, colon cancers, and recently in pancreatic cancers
[73-82]; microsatellite instability tests in colon cancer serve as prognostic marker, therapeu‐
tic predictive marker and screening test for Lynch syndrome [83-88] are among the most
studied areas. Immunodetection of molecular markers on cytology specimen, especially in
cancer staging for metastatic disease will be playing a major role as a guide for molecular-
targeted therapy. EGFR expression has now been routinely assessed on cell block cytology
specimens by many of the commercial or academic laboratories. A prominent example in
this regard is FNA diagnosis of thyroid nodules. Given that the cytology reports on thyroid
FNA diagnoses are often indeterminate or suspicious, the potential use of diagnostic molec‐
ular markers as adjunct methods for cytologic diagnosis appears to be among the most
promising area of research [89-98]. Fluorescent (FISH) and chromogenic (CISH) in situ hy‐
bridization have recently become part of the diagnostic armamentarium of breast patholo‐
gists. HER2 gene amplification testing by FISH and/or CISH has become an integral part of
the diagnostic workup for patients with breast cancer [99-105 ]. FISH or CISH is now used in
FNA material with success in many situations, including HER2 assessment in FNA with ex‐
cellent correlation with the histologic specimens [106-108 ]. Many other applications, such as
N-myc amplication on FNA from neuroblastomas [109, 110] and potential use of multiplex
FISH for detection of recurrence of transitional carcinomas on urine specimens [111-114] are
also well documented molecular tests using cytology specimens.

Compared to paraffin-embedded tissue, cytology specimens offer the advantage of disag‐
gregated, intact cells, with fewer problems associated with tumor cell homogenization. FISH
or CISH probe for diagnosis should be expected to be detected more accurately in cytologic
specimen as it contains whole cells and whole nuclei. For the patient, the advantages include
low cost, prompt access and the avoidance of surgery.

In carcinogenesis,  the majority of molecular alterations occur prior to progressive tumor
growth. It has been well documented that resection of small (early) pancreatic tumors and tu‐
mors of low histological or cytological grade and stage are correlated with improved survival.
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It is, therefore, important to identify these tumors in their early stages. DNA methylation
changes are an early event in carcinogenesis and are often present in the precursor lesions of
various cancers. Dr. N. Kiviat’s lab at Harborview Medical Center, Seattle, Washington, has
published extensively in constructing a panel of candidate hypermethylated genes with opti‐
mal sensitivity and specificity as a potential screening tool for cervical neoplasia, ovarian car‐
cinoma and lung cancer [115-118]. In collaboration with Dr. N. Kiviat’s lab, we performed
molecular tests on EUS-FNA of pancreatic lesions in the form of remains in liquid-based prep‐
aration, together with bench-performed mock FNA from normal pancreas obtained through
Harborview trauma center. We preliminarily tested the hypothesis that a panel of hyperme‐
thylated genes with high sensitivity and specificity for pancreatic adenocarcinoma might in‐
crease the accuracy of diagnosis of FNA and brush cytology on pancreatic cancer.

Method Excess material from five pancreatic FNAs, three pancreatic duct brushings and
nine bile duct brushings from patients who subsequently had histologic evaluation upon
surgery were studied. Genomic DNA was isolated from residual cytology brushing sample
pellets using QIAamp Blood DNA isolation kit and methylation status of seven genes, was
accessed using MethyLight assay after bisulfite conversion [115]. These genes were reported
to be frequently methylated in other cancers, including RASSF1A (Ras association domain
family 1A gene), UCHL1 (ubiquitin carboxyl-terminal esterase L1), APC (adenomatosis pol‐
yposis coli), IGSF4 (also called CADM1, cell adhesion molecule 1), CDH13 (cadherin 13),
CCND2 (cyclin D2), and CDKN2A (cyclin-dependent kinase inhibitor 2A, p16). Primers and
probes for these genes are listed in Table 6. Sample adequacy after bisulfite conversion was
determined by amplification of β-actin gene (ACTB). The percentage of methylated refer‐
ence (PMR) for each gene was calculated as before [115]. The methylation status of a sample
was categorized in two ways: as having any methylation present (PMR>0) and as having
high levels of methylation (PMR≥4%), as previously described [115].

Gene Forward primer (5'-3') Probe (5'-3') Reverse primer (5'-3')

ACTB TGGTGATGGAGGAGGTTTAGTAAGT

6FAM-

ACCACCACCCAACACACAATAACAAACACA-

TAMRA

AACCAATAAAACCTACTCCTCCCTTAA

APC TTATATGTCGGTTACGTGCGTTTATAT 6FAM-CCCGTCGAAAACCCGCCGATTA-TAMRA GAACCAAAACGCTCCCCAT

CCND2 CGTGTTAGGGTCGATCGTGTT 6FAM-ACTACGATAAAATCGCCG-MGB CTCGCCAAACTTTCTCCCTAAA

CDH13 GATTTTTGGGTTCGGAATGATTT 6FAM-TTTTCGTCGTCGCGATC-MGB ATCGCCCGACACGAACAA

CDKN2A TGGAGTTTTCGGTTGATTGGTT 6FAM-ACCCGACCCCGAACCGCG-TAMRA AACAACGCCCGCACCTCCT

IGSF4 AGGGAGCGAGGTTTTTCGA 6FAM-CGAACCCAACCCGAC-MGB ACGAAATCCGAACAAACCAATC

RASSF1 TAGGTTTTTATTGCGCGGTTTT 6FAM-CGCGAACCGAACGAA-MGB TACTTCGCTAACTTTAAACGCTAACAA

UCHL1 TCGCGAAGATGTAGTTTAAGTCGAT 6FAM-ACGCTCACCTCGAAAT-MGB CGCGCTCTCCGAATAACG

Table 6. Primers and probes for MethyLight assays
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Results A total of 17 samples were available for examination. No DNA remained in one bile
duct brushing after preparation of smears for microscopic examination. Thus, 16 samples, 12
malignant and 4 benign (by histology) were evaluated. On microscopic examination of the
FNA and brush cytologic specimens, 8 of the 12 samples which were later shown to be ma‐
lignant (on biopsy) were classified as “suspicious” for malignancy while four were called
definitively “positive” for malignancy by FNA or brush. The remaining four cases were his‐
tologically benign. Two of these cases were called “negative” on microscopic examination of
the FNA or brush specimen, one was classified as “atypical” and one as “suspicious for ma‐
lignancy”. The distribution of aberrantly methylated genes of interest among the benign and
malignant lesions is presented in Table 7.

Gene

Any Methylation

(PMR>0%)

High Methylation

(PMR≥4%)

Malignant

(n=12)

Benign

(n=4)

Malignant

(n=12)

Benign

(n=4)

UCHL1 9 (75%) 1 (25%) 6 (50%) 0 (0%)

APC 7 (58%) 1 (25%) 3 (25%) 0 (0%)

RASSF1 3 (25%) 0 (0%) 2 (17%) 0 (0%)

IGSF4 3 (25%) 0 (0%) 1 (8%) 0 (0%)

CDH13 8 (67%) 0 (0%) 3 (25%) 0 (0%)

CCND2 10 (83%) 4 (100%) 8 (67%) 2 (50%)

CDKN2A 0 (0%) 0 (0%) 0 (0%) 0 (0%)

CDH13 or RASSF1 (75%) 0%)

UCHL1, CDH13, or

RASSF1
(67%) (0%)

Table 7. Promoter Hypermethylation by Histologic Diagnosis

Methylation of  three different  genes (RASSF1,  IGSF4,  and CDH13) was present at  some
level in malignant but not benign samples, and methylation of two other genes (UCHL1
and APC) was present at a higher frequency in the majority of malignant samples but was
present in only one of four benign samples. For two genes, methylation was either present
in nearly all samples, regardless of histologic diagnosis (CCND2) or was not present in any
samples (CDKN2A). For five genes, high levels of methylation (PMR≥4%) were present in
malignant cases but were not detected in any of the benign samples. We next identified the
combination  of  genes  with  the  highest  sensitivity  and  specificity  for  pancreatic  cancer.
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Table 6. Primers and probes for MethyLight assays
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Results A total of 17 samples were available for examination. No DNA remained in one bile
duct brushing after preparation of smears for microscopic examination. Thus, 16 samples, 12
malignant and 4 benign (by histology) were evaluated. On microscopic examination of the
FNA and brush cytologic specimens, 8 of the 12 samples which were later shown to be ma‐
lignant (on biopsy) were classified as “suspicious” for malignancy while four were called
definitively “positive” for malignancy by FNA or brush. The remaining four cases were his‐
tologically benign. Two of these cases were called “negative” on microscopic examination of
the FNA or brush specimen, one was classified as “atypical” and one as “suspicious for ma‐
lignancy”. The distribution of aberrantly methylated genes of interest among the benign and
malignant lesions is presented in Table 7.

Gene

Any Methylation

(PMR>0%)

High Methylation

(PMR≥4%)

Malignant

(n=12)

Benign

(n=4)

Malignant

(n=12)

Benign

(n=4)

UCHL1 9 (75%) 1 (25%) 6 (50%) 0 (0%)

APC 7 (58%) 1 (25%) 3 (25%) 0 (0%)

RASSF1 3 (25%) 0 (0%) 2 (17%) 0 (0%)

IGSF4 3 (25%) 0 (0%) 1 (8%) 0 (0%)

CDH13 8 (67%) 0 (0%) 3 (25%) 0 (0%)

CCND2 10 (83%) 4 (100%) 8 (67%) 2 (50%)

CDKN2A 0 (0%) 0 (0%) 0 (0%) 0 (0%)

CDH13 or RASSF1 (75%) 0%)

UCHL1, CDH13, or

RASSF1
(67%) (0%)

Table 7. Promoter Hypermethylation by Histologic Diagnosis

Methylation of  three different  genes (RASSF1,  IGSF4,  and CDH13) was present at  some
level in malignant but not benign samples, and methylation of two other genes (UCHL1
and APC) was present at a higher frequency in the majority of malignant samples but was
present in only one of four benign samples. For two genes, methylation was either present
in nearly all samples, regardless of histologic diagnosis (CCND2) or was not present in any
samples (CDKN2A). For five genes, high levels of methylation (PMR≥4%) were present in
malignant cases but were not detected in any of the benign samples. We next identified the
combination  of  genes  with  the  highest  sensitivity  and  specificity  for  pancreatic  cancer.
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When any level of methylation was considered as positive, aberrant methylation of CDH13
or RASSF1 provided optimal sensitivity and specificity for cancer, being present in 75% of
malignant and 0% of benign specimens (Table 7). Considering high levels of methylation
(PMR≥4%), the most sensitive and specific combination of methylated genes was UCHL1,
CDH13 and RASSF1 which were positive in 67% of malignant but 0% of benign specimens
(Table 7). Next we examined, whether detection of aberrantly methylated genes might in‐
crease our ability to accurately classify FNA and brush specimens as “positive” or “nega‐
tive” for malignancy. Using this approach, FNA and brush specimens were classified as
“Positive for malignancy” if either cells with malignant morphologic changes or any level
of methylation of CDH13 or RASSF1 was present (Table 8). Specimens were called “Nega‐
tive for malignancy” if the cells were morphologically normal or cells were atypical or suspi‐
cious by morphology but there was no evidence of aberrant methylation of either CDH13 or
RASSF1. This algorithm detects 83% of malignant samples while maintaining 100% specif‐
icity. We are aware that an independent sample set is necessary to appropriately test this
algorithm; however, this pilot data suggests that a panel of hypermethylated tumor sup‐
pressor  genes  might  be  useful  in  distinguishing  malignancy  from benign  pancreatic  le‐
sions. A similarly sensitive and specific algorithm combining cytologic morphology and a
panel  of  genes methylated at  high levels  (PMR ≥4% of  UCHL1,  CDH13 and/or RASSF1
present) was also developed.

Final Diagnosis
Malignant

(n=12)

Benign

(n=4)

POSITIVE

morphology consistent with malignancy 4 (33%) 0 (0%)

or aberrant methylation of CDH13 9 (75%) 0 (0%)

or aberrant methylation of RASSF1 10 (83%) 0 (0%)

NEGATIVE

Negative morphology or 2 (50%)

Atypical or suspicious cell morphology but no aberrant methylation of CDH13 or RASSF1 4 (100%)

Table 8. Cytology or Any Methylation (PMR>0%) vs. Histology

Conclusions. Although the present study was limited by the fact that we were not able to
test these algorithms in an independent sample, it appears that FNA and brush cytologic
specimens can be more accurately classified as positive or negative for pancreatic cancer by
including methylation analysis of tumor suppressor genes.

The variable mixture of tumor cells and normal cells is a major challenge when it comes to
the molecular analysis of diagnostic or therapeutic targets in cytologic specimens. Cytolo‐
gists are needed to play an active role in the adoption and application of molecular techni‐
ques, since we are able to interpret the results in the light of cytological morphology. Our
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pilot data holds promise for further research to conduct a genome wide search for addition‐
al aberrantly methylated genes with high sensitivity and specificity for pancreatic cancer
and which are not methylated in other tissues (such as colon, liver, stomach, duodenum)
which can be frequently or incidentally present as carry-over material in FNA and brush
specimens from pancreatic lesions.

6. Aim 5: Achieving the full value of EUS-FNA with an integrated
approach: A EUS-FNA case study

A 67-year-old woman was found to have a large retroperitoneal mass of uncertain etiology.
The mass appears to invade the inferior vena cava and renal vein. Two prior attempts of CT
and ultrasound guided biopsy were non-diagnostic due to the biopsy specimen consisting
predominantly of necrotic tissue. Endoscopic ultrasound and enteroscopy were requested to
re-evaluate the lesion and re-attempt biopsy.

In the initial effort of EUS-FNA, rare clusters of neoplastic cells having round nuclear con‐
tour, mild nuclear crowding and overlapping, vesicular chromatin pattern, and distinct nu‐
cleoli are noted in a background of extensive necrosis and blood. Fresh material sent for
flow cytometry analysis contained an abnormal CD56- and EpCAM-positive population.
Abnormal B or T cell populations were not identified. A cytologic impression was issued as:
Positive for neoplasm with features suggestive of neuroendocrine origin. Before implement‐
ing chemotherapy as neuroendocrine tumor, our astute clinician ordered indiumIII octreo‐
tide scan for clinical correlation and found no evidence of focal radiotracer uptake in the
abdominal mass. The diagnosis was subsequently felt not sufficiently conclusive for therapy
as neuroendocrine neoplasia. A repeat biopsy was requested. During the second attempt of
EUS-FNA, there was extrinsic appearing compression at the second, third, and fourth por‐
tions of the duodenum with no evidence of mucosal lesions or ulcerations. A large (greater
than 12 cm) heterogeneous hypoechoic mass lesion was identified adjacent to the head and
neck of the pancreas. One component of the mass appeared to be cystic (Figure 7, panel A,
with needle inside the cystic area), and a more solid component was also identified (Figure
7, panel B). The former was sampled with FNA, the latter with a core biopsy. Nine total
FNA passes were obtained with on-site immediate interpretation:

Pass 1 (core biopsy):Blood and necrotic material, non-diagnostic.

Pass 2 (core biopsy):Blood, necrotic material and sheets of bland epithelium. Additional di‐
agnostic material requested.

Pass 3 (needle aspirate):Chiefly blood with atypical cells present.

Pass 4 (needle aspirate):Chiefly blood.

Pass 5 (needle aspirate):Chiefly blood.

Pass 6 (needle aspirate):Placed directly into saline.
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Pass 7 (needle aspirate):Atypical cells present, defer to permanents.

Pass 8 (needle aspirate):Atypical cells present, defer to permanents.

Pass 9 (needle aspirate):Placed directly into saline for cell block preparation.

Many clusters of viable cells were obtained during the second attempt of EUS-FNA, display‐
ing cytological features including three dimensional clusters, loose monolayer and individu‐
al monotonous cells, microfollicular pattern and nuclear grooves (coffee bean-like nuclei).
The tumor cells are uniform and lack nuclear hyperchromasia and pleomorphism (Figure 7,
panel C-E). Given the ample material obtained, a cell block was prepared and a more com‐
plete panel of antibodies for ICC was able to be performed, with the following results (19
antibody stains performed on cytology specimen, figure 7, panels E, F):

Antibody Results

AE1/AE3 Positive, focally

CALRETININ Positive

CD10 Negative

CD34 Negative

CD56 Positive, uniformly

CD68/KP-1 Negative

1A4 Positive, focally

DESMIN Negative

S100 Negative

CHROMOGRANIN Negative

SYNAPTOPHYSIN Negative

C-KIT Negative

INHIBIN Positive, uniformly

MELAN A Negative

CD45 (T200) Negative

EMA Negative

NSE Positive, focally

ER (clone 1D5) Negative

ER (clone SP1) Positive

Table 9.
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Figure 7. EUS-FNA diagnosis of granulosa cell tumor. A heterogeneous hypoechoic mass lesion identified by EUS. One
component of the mass appearsto be cystic (panel A, with needle inside the cystic area); A more solid component
(panel B); Ample viable material obtained on repeat EUS-FNA (panel C, Pap smear 100 x); Cytomorphology of neoplas‐
tic cells on smear (panel D, oil immersion, 1000 x); Cytomorphology of neoplastic cells on cell block section (panel E, oil
immersion, 1000 x); Application of inhibin antibody on cell block section (panel F, 400 x).

The combined cytologic and immunophenotypic profile leads to the following final diagnosis:

Retroperitoneal mass, endoscopic ultrasound-guided FNA: Consistent with metastatic/

recurrent granulosa cell tumor. See comment.
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Comment: The cytologic appearance of this tumor, along with the overall immuno-pheno‐
type demonstrated by calretinin and inhibin positivity, supports the diagnosis of granulo‐
sa  cell  tumor.  Additional  studies  performed  at  PhenoPath  Laboratory  using  the  more
sensitive anti-ER antibody SP1 document expression of  estrogen receptor (in contrast  to
the  negative  anti-ER  studies  using  the  1D5  clone),  further  supporting  the  diagnosis  of
granulosa cell tumor.

After the diagnosis, patient recalls that she had a procedure for granulosa cell tumor about
30 years ago in Mexico.

Granulosa cell tumor may pose a diagnostic challenge in cytology preparations. First, there
is some similarity between the granulosa tumor cells and reactive mesothelial cells. Indis‐
tinct cell borders, high nuclear cytoplasmic ratio and indentation of the nuclear membrane
are helpful features in distinguishing granulosa tumor cells from mesothelial cells. Secondly,
although nuclear features, especially nuclear grooves, are one of the classic features on gran‐
ulosa cell tumor, they can also be seen in other ovarian tumors such as Brenner tumor and
other sex cord-stromal tumor. Other characteristic histological features for granulosa cell tu‐
mor, such as Call-Exner bodies, a second population of elongated theca cells, are rarely evi‐
dent on cytology specimens. Lastly, as occurred in our case, cells of carcinoid, especially
pancreatic neuroendocrine tumors in this anatomic site, share many features of granulosa
cells. Judicious use of a panel of immunocytochemistry (with the availability of sufficient
sampling material) can be of great help in this scenario. Granulosa cell tumor is positive for
inhibin, CD99, calretinin, vimentin, CD56, is generally negative for cytokeratin, EMA, Ber-
Ep4, and is negative for neuroendocrine markers synaptophysin and chromogranin. Brenner
tumor and other sex cord-stromal tumor usually are positive for cytokeratin and EMA.

As illustrated in this case, clinical-pathologic correlation is essential with octreotide scan
preventing a diagnostic pitfall of neuroendocrine neoplasia. The on-site cytology interpreta‐
tion performed for each of 9 EUS-FNA passes played a pivotal role in obtaining adequate
viable diagnostic material, considering the sampling difficulty due to extensive tumor ne‐
crosis despite the apparent large size of the tumor by imaging study. A more complete ICC
panel was thus able to be performed. The ICC results together with cytomorphology led to a
diagnosis consistent with the subsequently retrieved clinical history.

Thus, our final note: the full value of FNA is only achieved with the integrated approach:
the integration of clinical information, light microscopic analysis, results of ancillary studies,
and even the gross appearance of the aspiration material will inform and lead us to a more
accurate pathology diagnosis that can help tremendously in directing patient care.
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1. Introduction

Although gastrointestinal endoscopy is generally safe, its safety must be separately analyzed
during pregnancy. Though it is prudent to postpone the investigation to the third trimester or
rather to the postpartum period; in certain clinical situations where therapeutic intervention is
necessary, it offers a relatively safe alternative to radiologic or surgical intervention. There are
a number of potential risks associated with endoscopy during pregnancy [1]:

1. Oversedation may cause maternal hypotension and hypoxia, which in turn may lead to
fetal hypoxia, with potentially fatal consequences.

2. The fetus may be exposed to potentially teratogenic drugs and radiaton.

3. Care must be taken with maternal positioning to avoid inferior vena caval compression by
the pregnant uterus, which can lead to decreased uterine blood flow and fetal hypoxia.

The American Society for Gastrointestinal Endoscopy (ASGE) guidelines [2] list the follow‐
ing general principles guiding endoscopy in pregnancy (Table1).

Fetal risks from endoscopic medications are minimized by avoiding FDA category D drugs,
minimizing endoscopic medications, and anesthesiologist attendance at endoscopy. Esopha‐
gogastroduedenoscopy (EGD) seems to be relatively safe for the fetus and may be per‐
formed when strongly indicated during pregnancy. Flexible sigmoidoscopy during
pregnancy also appears to be relatively safe for the fetus and may be performed when
strongly indicated. Colonoscopy may be considered in pregnant patients during the second
trimester if there is a strong indication. Data on colonoscopy during the other trimesters are
limited. Therapeutic endoscopic retrograde cholangiopancreatography (ERCP) seems to be
relatively safe during pregnancy and should be performed for strong indications (for exam‐
ple, complicated choledocholithiasis). Endoscopic safety precautions during pregnancy in‐
clude the performance of endoscopy in hospital by an expert endoscopist and only when
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strongly indicated, deferral of endoscopy to the second trimester whenever possible, and ob‐
stetric consultation.

1 Always have a strong indication, particularly in high-risk pregnancies

2 Defer endoscopy to second trimester whenever possible

3 Use lowest effective dose of sedative medications

4 Whenever possible, use category A or B drugs

5 Minimize procedure time

6 Position pregnant patients in left pelvic tilt or left lateral position to avoid vena cava or aortic compression

7 Presence of fetal heart sounds should be confirmed before sedation is begun and after the endoscopic

procedure

8 Obstetric support should be available in the event of a pregnancy-related complication

9 Endoscopy is contraindicated in obstetric complications such as placental abruption, imminent delivery, ruptured

membranes, or eclampsia

Table 1. General Principles guiding endoscopy in pregnancy (ASGE)

2. Fetal safety of endoscopic medications

One of the most important point in endoscopic procedures of pregnant patients is to avoid
maternal hypoxia and hypotension which can cause placental hypoperfusion and potential
fetal injury. Maternal oversedation with resulting hypoventilation or hypotension, or mater‐
nal positioning that might lead to inferior vena caval compression by the gravid uterus can
lead to decreased uterine blood flow and fetal hypoxia. Other potential risks to the fetus in‐
clude teratogenesis (both from medication given to the mother and radiation exposure from
fluoroscopy) and premature birth [1-6]. To prevent hypoxia and hypotension during the in‐
tervention, pregnant patients should be positioned in the left lateral position, prompt intra‐
venous hydration with normal saline or a similarly high osmolar solution should be made,
use of analgesics and sedatives should be restricted if possible and in the case of necessity
abortion of the endoscopic procedure should be considered [5,6].

Sedation in pregnancy has always been a challenge to anesthesiologists. No anesthetic drug,
inhaled anesthetics, or local anesthetic has been proven to be teratogenic in humans. A nota‐
ble exception is benzodiazepine group, which has been linked to congenital anomalies. All
agents that are administered during pregnancy must be used with caution and vigilence. It
is clear that anesthetic effects on placental perfusion and the placental transfer of depressant
drugs may influence the fetus [5,6,7].

During the endoscopic procedures in pregnant patients, anesthesiologic asistance is recom‐
mended in the first and third trimester because of the increaed risk of teratogenecity and the
risk of premature labor, respectively [5].
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The US Food and Drug Administration (FDA) lists 5 categories of drugs with regard to safe‐
ty during pregnancy [8] (Table 2).

Category Risk Description

A Controlled

studies show

no risk

Adequate, well-controlled studies in pregnant women have failed to demonstrate a risk

to the fetus in any trimester of pregnancy

B No evidence of

risk in humans

Adequate, well-controlled studies in pregnant women have not shown increased risk of

fetal abnormalities despite adverse findings in animals or, in the absence of adequate

human studies, animal studies show no fetal risk. The chance of fetal harm is remote,

but remains a possibility

C Risk cannot be

ruled out

Adequate, well-controlled human studies are lacking, and animal studies have shown a

risk to the fetus or are lacking as well. There is a chance of fetal harm if the drug is

administered during pregnancy, but the potential bene

fits may outweigh the potential risk

D Positive

evidence of risk

Studies in humans, or investigational or postmarketing data, have demonstrated fetal

risk. Nevertheless, potential benefits from the use of the drug may outweigh the

potential risk. For example, the drug may be acceptable if needed in a life-threatening

situation or for serious disease for which safer drugs cannot be used or are ineffective

X Contraindicate

d in pregnancy

Studies in animals or humans, or investigational or postmarketing reports, have

demonstrated positive evidence of fetal abnormalities or risk which clearly outweighs

any possible benefit to the patient

Table 2. FDA categorization of drug safety during pregnancy

This categorization indicates general risks based on four components: individual experimen‐
tal studies on drug risk in laboratory animals, number and quality of experimental studies,
individual clinical studies on drug risk in humans, and number and quality of clinical stud‐
ies. FDA categorization is, nonetheless useful in clinical practice. Category A drugs are safe
during pregnancy. Category B drugs may generally be used during pregnancy. Category C
drugs may often be used if required during pregnancy. Category D drugs are relatively con‐
traindicated, and when used should be administered with extreme caution. Category X
drugs are absolutely contraindicated during pregnancy [8].

There are no category A drugs used for endoscpy. For use during endoscopic procedures
category B and, when necessary, category C drugs are recommended. Category D drugs
may be used when benefits clearly outweigh the risks. These categories are of limited value
for determining the safety of one- time use; therefore, consultation with an obstetrician re‐
garding medication should be considered. For most procedures the level of sedation should
be anxiolysis or moderate sedation. İf deep sedation is necessary, it should be administered
by an anesthesiologist [2].

Key data on safety of commonly used endoscopic medications are summarized in table 3.
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strongly indicated, deferral of endoscopy to the second trimester whenever possible, and ob‐
stetric consultation.
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Drug FDA category in

pregnancy

key points regarding drug safety

Narcotics

Meperidine B, but D at term Repeated high dose and prolonged administration can cause respiratory depression

and seizures.

Fentanyl C In low doses it is safe.

Propofol B Generally suggested to be used in difficult to sedate and complicated clinical

situations.

General anesthetics

Ketamine B Human data is limited; animal data suggests prolonged usage is unsafe.

Sedatives

Diazepam D Some of congenital malformations and mental retardations are possibly associated

with diazepam usage so its usage is discouraged during pregnancy.

Midazolam D As a benzodiazepine member, its usage is restricted during pregnancy especially in

first trimester.

Reversal agents

Naloxone B It is probably safe and should be used only in respiratory depression, systemic

hypotension or unresponsiveness in a closely monitored pregnant after endoscopy.

Flumazenil C Its fetal risks are largely unknown, it should be given in small doses carefully.

Table 3. Safety of anesthetics commonly used in gastrointestinal endoscopy

Meperidine, an opiate analgesic, was commonly used for gastrointestinal endoscopy in the
general population, but has been replaced by short-acting analgesics due to theoretical con‐
cerns about toxicity, manifested as respiratory depression and seizures. Meperidine is rapid‐
ly transferred across the human placenta after intravenous administration, after that
metabolized to normeperidine which has a long half-life. Repeated high dose and prolonged
administration of meperidine can cause progressive accumulation of normeperidine, and
produce toxic effects of maternal respiratory depression and seizures. Meperidine is rated a
category B drug during pregnancy, but rated category D when used for prolonged periods
(>36 h) at high doses at term. Meperidine use should be limited to 50–75 mg during routine
endoscopy during pregnancy [4,5,9].

Fentanyl is a potent narcotic agonist with a rapid onset of action and a shorter patient recovery
time than meperidine. It is an FDA category C drug during pregnancy. It appears safe when
given in low doses (<125 mg) in patients undergoing endoscopy during pregnancy [2,4,5].

Benzodiazepines (diazepam and midazolam) are commonly administrated before gastroin‐
testinal endoscopy to reduce anxiety, induce brief amnesia, and produce muscle relaxation.
Prolonged use of diazepam during early pregnancy has been associated with cleft palate
malformations [4,11] but several large studies have not shown this association [12,13]. Some
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studies have raised possible associations between diazepam administration and mental re‐
tardation or neurologic defects,[14] cardiac defects [11] and Mobius syndrome (sixth and
seventh nerve palsies) [15]. Diazepam is rated a category D drug during pregnancy, because
of these potential associations its use during pregnancy is discouraged, particularly in the
first trimester. Clinical data concerning fetal safety of midazolam are limited; however, the
drug has not been associated with oral cleft palates. Administration of midazolam during
labor has been reported to transiently depress neonatal neurobehavioral responsiveness
[16,17]. Although rated a category D drug, since it has not been reported to be associated
with congenital abnormalities, midazolam is the preferred benzodiazepine when meperi‐
dine is inadequate. Due to a similar mechanism of action as diazepam, midazolam use
should be restricted during pregnancy, especially during the first trimester [1,2,4,5].

Propofol is increasingly used for anesthesia at endoscopy in the general population. It is
short –acting with a recovery period much shorter than with standard agents. However, as a
result of a relatively narrow therapeutic index (defined as a ratio given by average toxic
dose divided by average therapeutic dose) and the potential for respiratory depression
which can cause respiratory arrest and even death if improperly monitored, it is generally
administrated by anesthesiologists. Endoscopy socities have recommended the usage of this
agent for difficult to sedate and complicated clinical situations. Propofol is rated a category
B drug and it is considered relatively safe to use during pregnancy, although its safety dur‐
ing the first trimester is inadequately studied [4,5,18].

Ketamine is useful for endoscopy in patients who are expected to experience insufficient seda‐
tion from propofol. Like propofol, ketamine has a rapid onset of action and a short duration of
effect. Although rated a category B drug during pregnancy, ketamine carries the caveats that
fetal safety during the first trimester is unstudied and unknown in humans, and an extremely
high dose or prolonged administration of it during pregnancy may be unsafe [4,19].

Naloxone, a rapidly acting narcotic antagonist, crossing the placenta within 2 minutes of in‐
travenous administration, is occasionally administered during endoscopy to reverse narcotic
overdose [2,4,20]. The drug is rated a category B drug during pregnancy. It should only be
used in respiratory depression, systemic hypotension or unresponsiveness in a closely moni‐
tored setting during or after endoscopy. It should be administered during pregnancy in
small, graded doses titrated to the desired effect. It should not be routinely administered af‐
ter endoscopy during pregnancy,since one neonatal fatality has been attributed to its use
[21]. Naloxone is contraindicated in pregnant patients who are dependent on narcotics be‐
cause it can precipitate opiate withdrawal syndrome [22]. Flumazenil, a benzodiazepine an‐
tagonist, is used to reverse oversedation from benzodiazepines administered during
endoscopy. It is rated a category C drug during pregnancy. The drug should only be used to
reverse benzodiazepine overdose during pregnancy because its fetal risks are largely un‐
known, with only few case reports of use during pregnancy. Flumazenil overdose can cause
maternal seizures, particularly when administrated to patients who are chronically habituat‐
ed to benzodiazepines. This overdose can be prevented by careful and slow titration and ad‐
ministration of minimal dosage of benzodiazepines required for endoscopy. [4,19,20,23].
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Prolonged use of diazepam during early pregnancy has been associated with cleft palate
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seventh nerve palsies) [15]. Diazepam is rated a category D drug during pregnancy, because
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dine is inadequate. Due to a similar mechanism of action as diazepam, midazolam use
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result of a relatively narrow therapeutic index (defined as a ratio given by average toxic
dose divided by average therapeutic dose) and the potential for respiratory depression
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tored setting during or after endoscopy. It should be administered during pregnancy in
small, graded doses titrated to the desired effect. It should not be routinely administered af‐
ter endoscopy during pregnancy,since one neonatal fatality has been attributed to its use
[21]. Naloxone is contraindicated in pregnant patients who are dependent on narcotics be‐
cause it can precipitate opiate withdrawal syndrome [22]. Flumazenil, a benzodiazepine an‐
tagonist, is used to reverse oversedation from benzodiazepines administered during
endoscopy. It is rated a category C drug during pregnancy. The drug should only be used to
reverse benzodiazepine overdose during pregnancy because its fetal risks are largely un‐
known, with only few case reports of use during pregnancy. Flumazenil overdose can cause
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3. Upper gastrointestinal endoscopy

Although it would be ideal to postpone all endoscopic procedures until after delivery, preg‐
nant patients can develop conditions that require urgent upper endoscopy. The most common
indications for EGD in pregnant patients are significant or continued gastrointestinal hemor‐
rhage, dysphagia and refractory nausea and vomiting (Table 4). In a multicenter retrospective
study of 83 pregnant women on safety and clinical efficacy of EGD in pregnant patients; endos‐
copy indications included gastrointestinal bleeding, abdominal pain and vomiting in decreas‐
ing order [24].  The Mallory-Weiss tear was an important cause of upper gastrointestinal
bleeding in 14% of patients, the peptic ulcer was also responsible for 14% of gastrointestinal
bleeding in those patients which is significantly lower than the reported frequencies in non
pregnant patients. The diagnostic yield for upper gastrointestinal bleeding was 95% and there
was no cases of premature labour or congenital fetal malformation. Labor was not induced in
any of the patients and 95% of the patients gave birth to healthy infants. The four fetal deaths in
the study were in all high risk patients and were unrelated to EGD. The mean Apgar scores of
live born infants were not significantly different than control groups.

In an other study conducted by Debby et al [25], 60 pregnant women underwent EGD for
recurrent and intractable nausea and vomiting in their first trimester. In that study only 11
patients had the upper gastrointestinal bleeding, the other majority had only intractable
nausea and vomiting. The diagnostic yield of EGD in those patients appeared higher for
gastrointestinal bleeding than for intractable vomiting but the difference was not statistically
significant. Since the endoscopic findings only minimally changed the clinical management
of patients with nausea and vomiting the authors suggested the necessity of EGD for upper
gastrointestinal bleeding but not nausea and vomiting or hyperemesis gravidarum. A
mailed survey of over 3000 members of the American College of Gastroenterology, which
included information over 73 upper endoscopies performed during pregnancy. Endoscopic
diagnoses from these procedures included esophagitis, gastritis, ulcers, Mallory-Weis tears
and normal findings in descending order. This survey reported no significant complications
adversly affecting pregnancy [26].

The relationship between hyperemesis gravidarum and Helicabacter Pylori (H.Pylori) infec‐
tion is estimated by Bagis et all, in their study, H Pylori infection was histologically demon‐
strated in 95% of pregnant patients with hyperemesis gravidarum and 50% of control
patients. In that study patients with hyperemesis gravidarum had more severe H. Pylori in‐
fection compared to controls with H.Pylori infection, as measured histologically by density
of bacterial infiltration. Authors suggested the usage of H.Pylori diagnostic tests to be part
of hyperemesis gravidarum investigation [27]. Upper gastrointestinal complaints, especially
nause and vomiting, are very common in pregnants. During pregnancy with the effect of
progesteron and estrogen and with a lesser effect of motilin hormone the lower esophageal
sphincter (LES) tone, gastric and intestinal motility decrease, causing gastroesophageal re‐
flux disease (GERD) symptoms. As pregnancy progresses, the frequency of and intensity of
GERD symptoms increase which is caused by gastrointestinal motility changes during preg‐
nancy and with a small contribution of physical effects of gravid uterus [28,29]. So as a con‐
clusion endoscopy is rarely helpful and rarely indicated for nausea and vomiting, or even
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hyperemesis gravidarum, during pregnancy. In the presence of significant upper gastroin‐
testinal bleeding or severe nause and vomiting accompanied by abdominal pain or refracto‐
ry to medical treatment or signs of gastroduedenal obstruction, EGD may be appropriate to
exclude significant peptic ulcer, gastric outlet obstruction or to treat bleeding site. According
to the results of studies endoscopically the pregnant women has lower rate of peptic ulcer
diseases but higher rate of reflux esophagitis compared to non pregnant patients, and the
diagnostic yield of EGD for upper gastrointestinal bleeding during pregnancy is similar to
that of EGD performed for the same indication in the general population of about 95% [30].

Acute nonvariceal upper GI bleeding (NVUGB) is a common clinical emergency leading to
50-160 hospitalizations per 100000 adults. Mortality may be as high as 10-14%, although this
appears to be decreasing in many countries [31]. Endoscopy for the nonvariceal upper GI
bleeding (NVUGB) allows assesment of the risk of rebleeding and enables therapeutic he‐
mostasis that reduces bleeding, the need for surgery, and mortality. The largest analysis of
pregnant women for NVUGB is conducted by Geoffrey et al [32] in a population based
study including 1210 pregnant women with NVUGB and 6050 nonpregnant women with
NVUGB. Mallory-Weis tear was the most common identified cause of NVUGB in pregnant
women, in contrast peptic ulcer diesase and gastritis were the predominant etiologies for
NVUGB in nonpregnant patients. Pregnant women were less likely to require blood transfu‐
sion and were less likely to present with hypovolemic shock compared to nonpregnant
women. EGD was performed substantially less frequently in pregnant women compared
with nonpregnant women. The proportion of EGD’s that led to therapeutic intervention was
similar between pregnant and nonpregnant women, 8.9% vs 7.2% respectively. The mean in‐
terval from admission to EGD was longer for pregnant women compared with nonpregnant
women. There were no in-hospital deaths among pregnant women with NVUGB, the pro‐
portions of pregnant and nonpegnant women requiring surgery for upper GI bleeding were
not statistically different. Average hospital lenght of stay was shorter among pregnant wom‐
en compared with nonpregnant women. Although the rates of maternal mortality and fetal
loss were well below 1% in both groups, fetal distress/complications were lower in the preg‐
nant group admitted with NVUGB, as was premature delivery. It can be concluded as; it is
quite appropriate to defer endoscopy in a significant proportion of cases, who remain hemo‐
dynamically stable with self-limited NVUGB.

The indications of endoscopy in pregnacy is shown in table 4 [2].

1 Significant or continued bleeding

2 Severe or refractory nausea and vomiting or abdominal pain

3 Dysphagia or odynophagia

4 Strong suspicion of colon mass

5 Severe diarrhea with negative evaluation

6 Biliary pancreatitis, choledocholithiasis, or cholangitis

7 Biliary or pancreatic ductal injury

Table 4. Indications for endoscopy in pregnancy (ASGE)
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3. Upper gastrointestinal endoscopy
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6 Biliary pancreatitis, choledocholithiasis, or cholangitis

7 Biliary or pancreatic ductal injury

Table 4. Indications for endoscopy in pregnancy (ASGE)
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4. Therapeutic endoscopy

4.1. Endoscopic hemostasis for variceal bleeding

Patients with cirrhosis are not likely to become pregnant due to endocrine and metabolic im‐
balances. On the other hand, women with non-cirrhotic portal hypertension have normal
fertility rates. The incidence of variceal bleeding during pregnancy may reach up to 45%
with a mortality rate of 18-50% The variceal bleeding frequently occurs during the last two
trimester of gestation. The possible explanation for the high severity of variceal bleeding in
pregnancy seems to be related to the increase in water retention and cardiac output, typical
of both pregnancy and cirrhosis. Women with esophageal varices or severe liver disease
should be advised, in case of planning the pregnancy, about the high risk of both variceal
bleeding and hepatic decompensation during pregnancy. Also patients who have esopha‐
geal varices should be informed about the benefits of β-adrenergic receptor antagonist ther‐
apy during pregnancy to reduce portal pressure.

Both endoscopic injectional sclerotheraphy (EIS) and endoscopic band ligation (EBL) either
prophylactic or urgent seem to be safe procedures during pregnancy. When bleeding is not
arrested endoscopically in cirrhotic patients, an emergency transjugular intrahepatic porto‐
systemic shunt (TIPS) is indicated, but data regarding pregnant cirrhotic women are scarce
[33-39]. Since there are only a few case reports regarding the treatment options for this clini‐
cal condition, the management of esophageal varices and their major life-threatining compli‐
cation – hemorhage during pregnancy is still under evaluation. In the early 80’s EIS was
generally accepted as the first line treatment procedure for bleeding esophageal varices. De‐
spite this fact, only few cases of EIS with conventional sclerosants (polidocanol, absolute al‐
chocol, sodium tetradecyl sulphate) were reported during pregnancy [36,38,39]. There are
no studies regarding the effect of the conventional sclerosants on the fetus published in the
literature, although the procedure is considered safe and effective to control active variceal
bleeding. Vasoactive drugs used to achieve hemostasis are contraindicated during pregnan‐
cy, since these (vasopressin and terlipressin) may induce labor or fetal malformations [36].
Recently EBL was reported as an effective treatment option for active variceal hemorrhage
as well as prophylaxis of this severe complication during pregnancy [36-39].

In early 90’s EBL has been proven effective in controlling active hemorrhage and in long
term prevention of recurrent bleeding. There are several case reports that describe successful
hemostasis without fetal complications [40,41]. When EBL is used there is no risk of migra‐
tion of a toxic substance to placenta. Studies of EBL versus EST in nonpregnant patients
have shown improved reduction in rebleeding and mortality with EBL [40,42]. But there are
no studies directly comparing EBL to EST in pregnant patients.

In a study conducted by Aggarwal et al, 17 patients with noncirrhotic portal hypertension
caused by extrahepatic portal vein obstruction or portal fibrosis, underwent EIS with either
absolute alcohol or sodium tetradecyl sulphate for acute variceal bleeding without compli‐
cations during pregnancy. In that retrospective analysis pregnancy outcomes included six
healthy full-term infants, two preterm deliveries, three stillbirths, one neonatal death, and
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five voluntary abortions. In that report two patients required EBL after failure of EIS to ob‐
literate esophageal varices [43].

In an another report 10 patients underwent EIS with absolute alcohol, 5 patients for active
variceal bleeding and another 5 patients for the profilaxis of variceal bleeding. Hemostasis
was achieved in 5 actively variceal bleeding patients. All 10 patients delivered healthy in‐
fants [44]. According to the reported studies as in the nonpregnant population, EBL seems to
be a reasonable option for acute variceal bleeding as well as for the profilaxis of variceal
bleeding. EIS could be a secondary choice for the acute variceal bleeding due to the probable
effects on fetal safety.

When the endoscopic and pharmacological theraphy fails; TIPS may be a rescue procedure
in pregnant women with recurrent and difficult-to treat variceal bleeding. Several papers
confirm the utility and efficacy of TIPS for variceal bleeding unresponsive to endoscopic and
pharmacological treatment, however since adequate controlled trials are lacking, it should
be limited to a selected group of patients. TIPS placement is associated with radiation expo‐
sure of both the patient and the medical staff, it usually requires prolonged fluoroscopy. In
the literature there is a few case of TIPS placement in pregnancy in which between 5.2 mSv
and 2.1 mGy fetal dose of radiation reported [35,45,46]. So pregnancy is not an absolute con‐
traindication for TIPS placement in the treatment of relapsing bleeding varices and may be a
rescue procedure when medical and endoscopic treatments have failed.

4.2. Endoscopic hemostasis for nonvariceal bleeding

Endoscopic hemostatic techniques for nonvariceal bleeding include injection therapy with
saline, with adrenaline, sclerosants, thrombin, fibrin, cyanoacrilate, ablative therapy with
thermocoagulation, electrocoagulation, photocoagulation, argon plasma coagulation, and
mechanical compression with hemoclips, detachable snares, graspers, or sutures [47]. In
spite of these numerous techniques, there are a few case reports on fetal safety of endoscopic
hemostasis for NVUGB. In those case reports adrenalin injection, thermocoagulation and
electrocoagulation was used for hemostasis. In only one of the pregnant patient the hemo‐
static procedures were unsuccesful so patient required surgery. The fetal outcomes were
healthy infants without fetal malformations [24,25,47,48,49].

Adrenalin is category C drug and can cause a decrease in uterine blood flow. Although
there is limited data of case reports, no advers events from adrenaline injection were report‐
ed, in this case the benefits (cessation of hemorhage, prevention of rebleeding) would seem
to outweigh the risks [1,2,29,50].

Amniotic fluid can conduct electrical current to the fetus. During the electrocoagulation the
grounding pad should be placed in such a position that the uterus is not between the electri‐
cal catheter and grounding pad. Bipolar electrocautery should be used to minimize the risk
of ‘stray’ currents going through the fetus. Electrocautery is relatively safe when used for
hemostasis[2]. Due to the limited data on hemostasis for nonvariceal bleeding in pregnant
patients, the therapeutic technique choice is based on expert opinion and generally made ac‐
cording to the results of clinical studies of nonpregnant patients.
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4. Therapeutic endoscopy
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balances. On the other hand, women with non-cirrhotic portal hypertension have normal
fertility rates. The incidence of variceal bleeding during pregnancy may reach up to 45%
with a mortality rate of 18-50% The variceal bleeding frequently occurs during the last two
trimester of gestation. The possible explanation for the high severity of variceal bleeding in
pregnancy seems to be related to the increase in water retention and cardiac output, typical
of both pregnancy and cirrhosis. Women with esophageal varices or severe liver disease
should be advised, in case of planning the pregnancy, about the high risk of both variceal
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geal varices should be informed about the benefits of β-adrenergic receptor antagonist ther‐
apy during pregnancy to reduce portal pressure.

Both endoscopic injectional sclerotheraphy (EIS) and endoscopic band ligation (EBL) either
prophylactic or urgent seem to be safe procedures during pregnancy. When bleeding is not
arrested endoscopically in cirrhotic patients, an emergency transjugular intrahepatic porto‐
systemic shunt (TIPS) is indicated, but data regarding pregnant cirrhotic women are scarce
[33-39]. Since there are only a few case reports regarding the treatment options for this clini‐
cal condition, the management of esophageal varices and their major life-threatining compli‐
cation – hemorhage during pregnancy is still under evaluation. In the early 80’s EIS was
generally accepted as the first line treatment procedure for bleeding esophageal varices. De‐
spite this fact, only few cases of EIS with conventional sclerosants (polidocanol, absolute al‐
chocol, sodium tetradecyl sulphate) were reported during pregnancy [36,38,39]. There are
no studies regarding the effect of the conventional sclerosants on the fetus published in the
literature, although the procedure is considered safe and effective to control active variceal
bleeding. Vasoactive drugs used to achieve hemostasis are contraindicated during pregnan‐
cy, since these (vasopressin and terlipressin) may induce labor or fetal malformations [36].
Recently EBL was reported as an effective treatment option for active variceal hemorrhage
as well as prophylaxis of this severe complication during pregnancy [36-39].

In early 90’s EBL has been proven effective in controlling active hemorrhage and in long
term prevention of recurrent bleeding. There are several case reports that describe successful
hemostasis without fetal complications [40,41]. When EBL is used there is no risk of migra‐
tion of a toxic substance to placenta. Studies of EBL versus EST in nonpregnant patients
have shown improved reduction in rebleeding and mortality with EBL [40,42]. But there are
no studies directly comparing EBL to EST in pregnant patients.

In a study conducted by Aggarwal et al, 17 patients with noncirrhotic portal hypertension
caused by extrahepatic portal vein obstruction or portal fibrosis, underwent EIS with either
absolute alcohol or sodium tetradecyl sulphate for acute variceal bleeding without compli‐
cations during pregnancy. In that retrospective analysis pregnancy outcomes included six
healthy full-term infants, two preterm deliveries, three stillbirths, one neonatal death, and
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five voluntary abortions. In that report two patients required EBL after failure of EIS to ob‐
literate esophageal varices [43].

In an another report 10 patients underwent EIS with absolute alcohol, 5 patients for active
variceal bleeding and another 5 patients for the profilaxis of variceal bleeding. Hemostasis
was achieved in 5 actively variceal bleeding patients. All 10 patients delivered healthy in‐
fants [44]. According to the reported studies as in the nonpregnant population, EBL seems to
be a reasonable option for acute variceal bleeding as well as for the profilaxis of variceal
bleeding. EIS could be a secondary choice for the acute variceal bleeding due to the probable
effects on fetal safety.

When the endoscopic and pharmacological theraphy fails; TIPS may be a rescue procedure
in pregnant women with recurrent and difficult-to treat variceal bleeding. Several papers
confirm the utility and efficacy of TIPS for variceal bleeding unresponsive to endoscopic and
pharmacological treatment, however since adequate controlled trials are lacking, it should
be limited to a selected group of patients. TIPS placement is associated with radiation expo‐
sure of both the patient and the medical staff, it usually requires prolonged fluoroscopy. In
the literature there is a few case of TIPS placement in pregnancy in which between 5.2 mSv
and 2.1 mGy fetal dose of radiation reported [35,45,46]. So pregnancy is not an absolute con‐
traindication for TIPS placement in the treatment of relapsing bleeding varices and may be a
rescue procedure when medical and endoscopic treatments have failed.

4.2. Endoscopic hemostasis for nonvariceal bleeding

Endoscopic hemostatic techniques for nonvariceal bleeding include injection therapy with
saline, with adrenaline, sclerosants, thrombin, fibrin, cyanoacrilate, ablative therapy with
thermocoagulation, electrocoagulation, photocoagulation, argon plasma coagulation, and
mechanical compression with hemoclips, detachable snares, graspers, or sutures [47]. In
spite of these numerous techniques, there are a few case reports on fetal safety of endoscopic
hemostasis for NVUGB. In those case reports adrenalin injection, thermocoagulation and
electrocoagulation was used for hemostasis. In only one of the pregnant patient the hemo‐
static procedures were unsuccesful so patient required surgery. The fetal outcomes were
healthy infants without fetal malformations [24,25,47,48,49].

Adrenalin is category C drug and can cause a decrease in uterine blood flow. Although
there is limited data of case reports, no advers events from adrenaline injection were report‐
ed, in this case the benefits (cessation of hemorhage, prevention of rebleeding) would seem
to outweigh the risks [1,2,29,50].

Amniotic fluid can conduct electrical current to the fetus. During the electrocoagulation the
grounding pad should be placed in such a position that the uterus is not between the electri‐
cal catheter and grounding pad. Bipolar electrocautery should be used to minimize the risk
of ‘stray’ currents going through the fetus. Electrocautery is relatively safe when used for
hemostasis[2]. Due to the limited data on hemostasis for nonvariceal bleeding in pregnant
patients, the therapeutic technique choice is based on expert opinion and generally made ac‐
cording to the results of clinical studies of nonpregnant patients.
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4.3. Percutaneous endoscopic gastrostomy

During pregnancy, optimal nutrition is essential in order to minimize maternal and neonatal
morbidity [51]. Nause and vomiting are seen in 80% of pregnancies but usually symptoms
are mild and self limited. In case of severe hyperemesis gravidarum with dehydration and
ketonuria, patients should be hospitalized and receive intravenous hydration and anti-emet‐
ic agents. When the hospitalization duration prolongs without oral intake then supportive
nutrition with enteral feeding or total parenteral nutrition should be considereed [29]. Long
term nasogastric feeding is limited by patient intolerability and nasal septal necrosis. Side
effects of long term total parental nutrition limit its usage during pregnancy[52]. Thus per‐
cutaneous endoscopic gastrostomy (PEG) becomes an important option for long term enter‐
al feeding. However, concerns about uterine damage, fetal injury, premature labor, and
infections have restricted the application of PEG tube placement in pregnant women. There
were no major complications with PEG tube placement in the several reported cases in the
literature [53-61]. PEG enteral nutritional support was provided for an average of 14 weeks
in the literature. During the pregnancy PEG tube placement is a feasible procedure for opti‐
mal enteral nutrition in the critical care setting. It is also feasible to perform PEG tube place‐
ment in the third trimester of pregnancy. A potential problem with PEG during pregnancy
is puncture of uterus or fetus instead of the stomach during transabdominal neddle inser‐
tion. This risk is reduced by demarcating the upper border of uterus before PEG by abdomi‐
nal ultrasonography and by inserting the PEG needle ≥5cm cephaled.

PEG tube placement should be reserved only for severe refractory cases where the nutrition
of the mother and the fetus is at risk. The pregnant should be informed about the risks of the
procedure and potential placental injury. If possible less invasive alternative techniques as
nasoenteric feeding tube or peripherally inserted catheter for parenteral nutrition should be
attempted if this is not succesful or is refused by the patient, PEG tube placement should be
considered.

4.4. Percutaneous endoscopic gastrojejunostomy

Percutaneous endoscopic gastrojejunostomy( PEGJ) is a feeding tube placement in to the je‐
jenum via a gastrostomy. This placement enables food to be delivered more distally to de‐
crease the sensation of nausea, vomiting and risk of aspiration. PEGJ indications are similar
to PEG indications with additional risk of aspiration. In case of refractory nause and vomit‐
ing in the presence of PEG tube feeding, PEG tube can be converted to PEGJ. There are only
few case reports of PEGJ for hyperemesis gravidarum and one patient with coma from mas‐
sive stroke [62-65]. As in the PEG, PEGJ can be considered in very severe hyperemesis gravi‐
darum refractory to medical treatment and the other noninvasive treatment modalities.

5. Sigmoidoscopy/ colonoscopy

Most pregnant patients are young, healthy women and the gestational period is only 40
weeks in duration, because of that; it is unusual for them to need flexible sigmoidoscopy or
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colonoscopy during pregnancy. Lower endoscopy should be avoided for weak indications
during pregnancy and should be deferred until after the first trimester, or if possible, until
the postpartum period [66].

Although flexible sigmoidoscopy will be sufficient for most pregnant women, colonoscopy
may be required when there is life-threatening colonic bleeding and when a cause has not
been established by sigmoidoscopy. In late pregnancy, patients should not be placed in the
decubitus or prone position during colonoscopy. External abdominal pressure should gener‐
ally be avoided; if pressure is required, it should be minimal and directed away from the
uterus.

All avilable evidence suggests that sigmoidoscopy is safe during pregnancy and the indica‐
tions include rectal bleeding, chronic diarrhea, abdominal pain and rectal pain. Guidelines
for colonoscopy in pregnancy are not readily available due to insufficient data, although
studies which have been done demonstrate safety and efficacy of the procedure provided
that obstetrical consultation and close monitoring take place. Colonoscopy is indicated for
suspected colon cancer, uncontrolled severe hemorrhage or when necessary before colonic
surgery in pregnant women as well as in general population [67,68].

The safety and efficacy of the flexible sigmoidoscopy during pregnancy has been studied in
one case-controlled study of 45 patients undergoing 48 sigmoidoscopies [69]. The most com‐
mon clinical indication was hematochezia in 29 patients, diarrhea was the indication in 10
patients and abdominal pain was in 4 patients. The most common sigmoidoscopic diagnosis
included reactivated or newly diagnosed inflamatory bowel disease, bleeding internal hem‐
orroids and other colitis. Among the 29 patients with hematochezia, 8 patients were de novo
diagnosis or flare of ulcerative colitis, 7 patients were de novo diagnosis or flare of Crohn’s
disease, 3 patients with acute proctosigmoitidis, 2 patients were bleeding internal hemor‐
rhoids, 1 patient was pseudomembraneous colitis, and 1 patient was sigmoid adenoma.
Hematochezia gave the highest diagnostic yield compared with the other clinical indica‐
tions. Excluding one unknown pregnancy outcome and four voluntary abortions, 38 (93%)
of 41 pregnant patients who underwent sigmoidoscopy delivered healthy infants, including
27 at term. The mean Apgar score of live-born infants in this study was not statistically dif‐
ferent from the mean national Apgar score of live born infants.

Therapeutic changes because of the sigmoidoscopic findings occured in 24 patients, includ‐
ing changing or instituting medication for inflamatory bowel disease in 15 patients, steroid
enemas for nonspesific proctitis in two patients, avoiding surgery in two patients, and hem‐
orrhoidal treatment in two patients.

Other than this study there are individual case reports of sigmoidoscopy performed during
pregnancy and a mailed survey study [26, 70-74]. Multiple case reports describing flexible
sigmoidoscopy in pregnant patients showed the safety of this procedure. In the mailed sur‐
vey study; after contacting 3300 gastroenterologists, their responses indicated that there
were no endoscopic complications in 13 pregnant women who underwent flexible sigmoi‐
doscopy. In addition all pregnancies resulted in healthy infants. Common themes among
these reports include a relatively high diagnostic yield of flexible sigmoidoscopy when per‐
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procedure and potential placental injury. If possible less invasive alternative techniques as
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attempted if this is not succesful or is refused by the patient, PEG tube placement should be
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4.4. Percutaneous endoscopic gastrojejunostomy

Percutaneous endoscopic gastrojejunostomy( PEGJ) is a feeding tube placement in to the je‐
jenum via a gastrostomy. This placement enables food to be delivered more distally to de‐
crease the sensation of nausea, vomiting and risk of aspiration. PEGJ indications are similar
to PEG indications with additional risk of aspiration. In case of refractory nause and vomit‐
ing in the presence of PEG tube feeding, PEG tube can be converted to PEGJ. There are only
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ally be avoided; if pressure is required, it should be minimal and directed away from the
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All avilable evidence suggests that sigmoidoscopy is safe during pregnancy and the indica‐
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for colonoscopy in pregnancy are not readily available due to insufficient data, although
studies which have been done demonstrate safety and efficacy of the procedure provided
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suspected colon cancer, uncontrolled severe hemorrhage or when necessary before colonic
surgery in pregnant women as well as in general population [67,68].

The safety and efficacy of the flexible sigmoidoscopy during pregnancy has been studied in
one case-controlled study of 45 patients undergoing 48 sigmoidoscopies [69]. The most com‐
mon clinical indication was hematochezia in 29 patients, diarrhea was the indication in 10
patients and abdominal pain was in 4 patients. The most common sigmoidoscopic diagnosis
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orroids and other colitis. Among the 29 patients with hematochezia, 8 patients were de novo
diagnosis or flare of ulcerative colitis, 7 patients were de novo diagnosis or flare of Crohn’s
disease, 3 patients with acute proctosigmoitidis, 2 patients were bleeding internal hemor‐
rhoids, 1 patient was pseudomembraneous colitis, and 1 patient was sigmoid adenoma.
Hematochezia gave the highest diagnostic yield compared with the other clinical indica‐
tions. Excluding one unknown pregnancy outcome and four voluntary abortions, 38 (93%)
of 41 pregnant patients who underwent sigmoidoscopy delivered healthy infants, including
27 at term. The mean Apgar score of live-born infants in this study was not statistically dif‐
ferent from the mean national Apgar score of live born infants.

Therapeutic changes because of the sigmoidoscopic findings occured in 24 patients, includ‐
ing changing or instituting medication for inflamatory bowel disease in 15 patients, steroid
enemas for nonspesific proctitis in two patients, avoiding surgery in two patients, and hem‐
orrhoidal treatment in two patients.

Other than this study there are individual case reports of sigmoidoscopy performed during
pregnancy and a mailed survey study [26, 70-74]. Multiple case reports describing flexible
sigmoidoscopy in pregnant patients showed the safety of this procedure. In the mailed sur‐
vey study; after contacting 3300 gastroenterologists, their responses indicated that there
were no endoscopic complications in 13 pregnant women who underwent flexible sigmoi‐
doscopy. In addition all pregnancies resulted in healthy infants. Common themes among
these reports include a relatively high diagnostic yield of flexible sigmoidoscopy when per‐
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formed during pregnancy for strong indications, clinically important changes in therapy re‐
sulting from sigmoidoscopic diagnosis, a relatively high rate of favorable fetal outcomes,
poor fetal outcomes generally occuring only in very sick mothers and unrelated to sigmoi‐
doscopy etiologically or temporally, and a low rate of congenital anomalies.

Studies suggested that sigmoidoscopy during pregnancy does not induce labor or cause
congenital malformations, it is not contraindicated, and should be considered in medically
stable patients with important indications. Sigmoidoscopy should be performed with mater‐
nal monitoring by electrocardiography and pulse oximetry, after obstetrical consultation
and after medical stabilization. Medical stabilization may require blood transfusions and
supplemental oxygenation [4,66,68]. Sigmoidoscopy is not recommended during pregnancy
for indications of a change in bowel habits, abdominal pain, a family history of colon cancer,
and routine screening or surveillance. In these cases, sigmoidoscopy is best deferred until at
least 6 weeks postpartum [67, 68].

Little is known about the safety or otherwise of bowel cleansing agents during pregnancy.
Studies have shown that the systemic absorbtion of Polyethylene glycol is minimal and the
problems with abdominal bloating and gas are less common as compared to other laxatives
[75] But since polyethylene glycol solutions have not been studied during pregnancy, there‐
fore it is a category C drug during pregnancy. Sodium phosphate solutions (also category C)
may cause fluid and electrolyte disturbance, and therefore probably best avoided during
pregnancy. Also it was published that newborns were shown to manifest bone deminerali‐
zation and bone growth failure because of maternal phosphate overload [76], although a one
time use in pregnancy has not shown to be detrimental. Another consideration when using
phosphosoda preperations is the risk of phosphate nephropathy [77] which has been report‐
ed in selected cases. As for bowel preperation for flexible sigmoidoscopy, phosphate enemas
should be relatively safe, but have not been studied in pregnancy. Tap water enemas may be
sufficient. In a study [78] of the preference of gastroenterologist and obstetricians of bowel
cleansing agent for sigmoidoscopy and colonoscopy in the same hospital, it was shown that
50% of gastroenterologist prefer to use polyethylene glycol solutions and 50% avoid use of
fleet phosphosoda. Twent percent of obstetricians seem to prefer fleet phosphosoda, and
26% avoid polyethylene glycol solutions which is exact opposite of gastroenterologist. Both
groups prefer fleet enema the most (51%), while magnesium citrate is used least often (38%).

6. Colonoscopy

There are insufficient data regarding the safety of performing colonoscopy during pregnan‐
cy. The largest case control study of 20 patients [79]; there were 20 pregnant patients under‐
going colonoscopy and 20 pregnant controls who were matched for colonoscopy but who
did not undergo colonoscopy. Colonoscopy indications in the study patients included diar‐
rhea, hematochezia, bloody diarrhea, abdominal pain, and other reasons. Colonoscopy was
performed in the second trimester in the majority of patients (n=16) with only 4 patients un‐
dergoing the procedure in the first and third trimester. Colonoscopic diagnoses were; ulcer‐
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ative colitis, ischemic colitis, Crohns colitis, and lymphocytic colitis. Colonoscopy led to
significant therapeutic changes in 7 (35%) patients. Two mothers experienced minor colono‐
scopic complications of mild, transient hypotension. Study patients had relatively favorable
fetal outcomes: 18 relatively healthy infants, 1 involuntary abortion, and 1 infant born with a
congenital defect (septum secundum cardiac defect).

In a mailed survey of 3300 gastroenterologists 13 colonoscopies were performed without
complications [26]. This study was retrospective, and subject to biases relating to recall and
dependence on voluntary reporting. In an other study Cappell and co workers [69] retro‐
spectively examined eight pregnant women undergoing colonoscopies at 10 different medi‐
cal centers. Excluding one elective abortion and one fetal demise unrelated to the
colonoscopy occuring 4 months later, six healthy infants were born. There was no difference
in outcomes based on the trimester during which colonoscopy was performed.

There are several case reports about colonoscopy during pregnancy [80-88], fetal outcomes
after colonoscopy included 8 healthy babies, 2 stillbirth unrelated to the colonoscopy (in
mothers with either metastatic colon cancer or massive lower gastrointestinal hemorrhage
requiring emergency colonic surgery), and one unknown fetal outcome.

Given the limited data on its safety and the potential to cause significant adverse events, co‐
lonoscopy should be reserved to strong indications or life-threatining emergencies during
second trimester. But in case of suspicion of colon cancer, evaluation of colonic mass or co‐
lonic stricture of unknown etiology, for severe uncontrolled colonic hemorrhages, for colon‐
ic pseudoobstruction when the alternative is surgical decompression and when required
before urgent colonic surgery, colonoscopy should be considered even in the first and third
trimester. Colonoscopy should generally be deferred in any trimester of pregnancy until af‐
ter delivery for elective indications, such as surveillance for prior history of colon cancer or
colonic polyps.

7. Therapeutic colonoscopy

Therapeutic colonoscopy includes hemostasis of lower gastrointestinal bleeding, colono‐
scopic polypectomy, and colonic stenting. As mentioned in the hemostasis for NVUGB sec‐
tion,injection therapy with saline, with adrenaline, sclerosants, thrombin, fibrin,
cyanoacrilate, ablative therapy with thermocoagulation, electrocoagulation, photocoagula‐
tion, argon plasma coagulation, and mechanical compression with hemoclips, detachable
snares, graspers, or sutures are used during lower gastrointestinal bleeding [47].

Epinephrine is commonly used to treat gastrointestinal bleeding and achieves hemostasis
through its vasoconstrictive effects. There are numerous studies about the fetal safety of epi‐
nephrine administration during labor which established its fetal safety so it is commonly
added to spinal epidural anesthesia. Although in the report of Briggs and colleagues’ [10],
there was no congenital defect in 35 infants with first trimester in utero exposure of epi‐
nephrine, there is a case report of fatal intracranial hemorrhage in an infant during child‐
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formed during pregnancy for strong indications, clinically important changes in therapy re‐
sulting from sigmoidoscopic diagnosis, a relatively high rate of favorable fetal outcomes,
poor fetal outcomes generally occuring only in very sick mothers and unrelated to sigmoi‐
doscopy etiologically or temporally, and a low rate of congenital anomalies.

Studies suggested that sigmoidoscopy during pregnancy does not induce labor or cause
congenital malformations, it is not contraindicated, and should be considered in medically
stable patients with important indications. Sigmoidoscopy should be performed with mater‐
nal monitoring by electrocardiography and pulse oximetry, after obstetrical consultation
and after medical stabilization. Medical stabilization may require blood transfusions and
supplemental oxygenation [4,66,68]. Sigmoidoscopy is not recommended during pregnancy
for indications of a change in bowel habits, abdominal pain, a family history of colon cancer,
and routine screening or surveillance. In these cases, sigmoidoscopy is best deferred until at
least 6 weeks postpartum [67, 68].

Little is known about the safety or otherwise of bowel cleansing agents during pregnancy.
Studies have shown that the systemic absorbtion of Polyethylene glycol is minimal and the
problems with abdominal bloating and gas are less common as compared to other laxatives
[75] But since polyethylene glycol solutions have not been studied during pregnancy, there‐
fore it is a category C drug during pregnancy. Sodium phosphate solutions (also category C)
may cause fluid and electrolyte disturbance, and therefore probably best avoided during
pregnancy. Also it was published that newborns were shown to manifest bone deminerali‐
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performed in the second trimester in the majority of patients (n=16) with only 4 patients un‐
dergoing the procedure in the first and third trimester. Colonoscopic diagnoses were; ulcer‐
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ative colitis, ischemic colitis, Crohns colitis, and lymphocytic colitis. Colonoscopy led to
significant therapeutic changes in 7 (35%) patients. Two mothers experienced minor colono‐
scopic complications of mild, transient hypotension. Study patients had relatively favorable
fetal outcomes: 18 relatively healthy infants, 1 involuntary abortion, and 1 infant born with a
congenital defect (septum secundum cardiac defect).

In a mailed survey of 3300 gastroenterologists 13 colonoscopies were performed without
complications [26]. This study was retrospective, and subject to biases relating to recall and
dependence on voluntary reporting. In an other study Cappell and co workers [69] retro‐
spectively examined eight pregnant women undergoing colonoscopies at 10 different medi‐
cal centers. Excluding one elective abortion and one fetal demise unrelated to the
colonoscopy occuring 4 months later, six healthy infants were born. There was no difference
in outcomes based on the trimester during which colonoscopy was performed.

There are several case reports about colonoscopy during pregnancy [80-88], fetal outcomes
after colonoscopy included 8 healthy babies, 2 stillbirth unrelated to the colonoscopy (in
mothers with either metastatic colon cancer or massive lower gastrointestinal hemorrhage
requiring emergency colonic surgery), and one unknown fetal outcome.

Given the limited data on its safety and the potential to cause significant adverse events, co‐
lonoscopy should be reserved to strong indications or life-threatining emergencies during
second trimester. But in case of suspicion of colon cancer, evaluation of colonic mass or co‐
lonic stricture of unknown etiology, for severe uncontrolled colonic hemorrhages, for colon‐
ic pseudoobstruction when the alternative is surgical decompression and when required
before urgent colonic surgery, colonoscopy should be considered even in the first and third
trimester. Colonoscopy should generally be deferred in any trimester of pregnancy until af‐
ter delivery for elective indications, such as surveillance for prior history of colon cancer or
colonic polyps.

7. Therapeutic colonoscopy

Therapeutic colonoscopy includes hemostasis of lower gastrointestinal bleeding, colono‐
scopic polypectomy, and colonic stenting. As mentioned in the hemostasis for NVUGB sec‐
tion,injection therapy with saline, with adrenaline, sclerosants, thrombin, fibrin,
cyanoacrilate, ablative therapy with thermocoagulation, electrocoagulation, photocoagula‐
tion, argon plasma coagulation, and mechanical compression with hemoclips, detachable
snares, graspers, or sutures are used during lower gastrointestinal bleeding [47].

Epinephrine is commonly used to treat gastrointestinal bleeding and achieves hemostasis
through its vasoconstrictive effects. There are numerous studies about the fetal safety of epi‐
nephrine administration during labor which established its fetal safety so it is commonly
added to spinal epidural anesthesia. Although in the report of Briggs and colleagues’ [10],
there was no congenital defect in 35 infants with first trimester in utero exposure of epi‐
nephrine, there is a case report of fatal intracranial hemorrhage in an infant during child‐
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birth after excessive in utero epinephrine [89]. Because of the epinephrine’s α adrenergic
effect of decreasing uterine blood flow, it is a category C during pregnancy and its dosage
should be kept low during pregnancy.

Electrocautery is also another method of providing hemostasis during lower gastrointestinal
bleeding, also used for performing polypectomy or hot biopsy. Using electrocautery to le‐
sions may occasionally be required during pregnancy and has been safely performed with‐
out detectable advers effcts to fetus. However, because amniotic fluid has been
demonstrated to conduct electrical current, externally placed grounding pad should be
placed close to the electrical catheter, devices should use bipolar currents. Polyp removal if
not bleeding, should be postponed after pregnancy [4, 5, 66].

Colonic tattooing is done with Indian ink and methylene blue in nonpregnant patients. Indi‐
an ink has been shown to persist for the entire life of patient. There have ben no reports of
long term complications of Indian ink tattooing. Methylene blue tattooing during pregnancy
is not been studied but there are reports of examination of Metylene blue during amniocent‐
esis and in detection of ruptured membranes. In these reports fetal death, jejunal atresia, is
reported which labels Metylene blue as teratogenic. Although safety of colonic injection is
not studied; its usage should be avoided during pregnancy [66, 90, 91].

8. Enteroscopy

Enteroscopy takes a very long time of procedure with a long time of anesthesia. There is no
case report of enteroscopy during pregnancy, so the fetal safety of enteroscopy could not be
predicted.

9. Video capsule endoscopy

Video capsule endoscopy (VCE) represents a significant advance in the investigation of
small bowel diseases. The main indications are obscure gastrointestinal hemorrhages,
Crohn’s disease, celiac disease, small bowel tumors and polyposis syndromes. The main
contraindications are known or suspected gastrointestinal obstruction, strictures, fistulas,
cardiac pacemakers and swallowing disorders [92]. During pregnancy the growing gravid
uterus pushes and compresses the gastrointestinal tract, and gastrointestinal motility de‐
creases due to inhibition of intestinal smooth muscle by gestational progestin. These effects
raise the theoretical concerns regarding capsule impaction during pregnancy [4,93]. Al‐
though according to the FDA, pregnancy is a relative contraindication for VCE [92]; there is
a report of VCE usage in a young acute bleeding pregnant patient in whom endoscopy and
colonoscopy revealed no lesion other than fresh blood exiting the terninal ileum. On VCE an
actively bleeding jejunal lesion was shown of which pathology was jejunal carcinoid tumor.
Patient and fetus did well after surgery [94]. From this report, it can be concluded that VCE
may be considerable during pregnancy for strong indications, it is not absolutely contraindi‐
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cated during pregnancy. But it is more likely to be incomplete when done during pregnancy
because of slowed intestinal transit time during pregnancy.

9.1. Endoscopic retrograde cholangiopancreatography

Pregnancy is associated with an increased risk of gallstone formation. Fortunately, compli‐
cations due to cholelithiasis, such as cholecystitis, choledocholithiasis and pancreatitis are
relatively uncommon and in many cases can be managed conservatively. However occasion‐
ally patients develop complications related to gallstones that require intervention during
pregnancy. Although there are no precise estimates of the incidence, several reports have
found that biliary tract disease (most commonly cholecystitis) represented one of the most
frequent indications for non-obstetrical surgery during pregnancy [95-99].

A subset of patients requires ERCP, most commonly for choledocholithiasis or presumed
gallstone pancreatitis. Opinions regarding the safety of ERCP during pregnancy differ in
various reports, reflecting the relatively limited data. Major concerns surround issues relat‐
ed to radiation exposure to the fetus and the risk of procedure on pregnancy outcome.

A general principle in the care of the women with an acute biliary tract disorder during
pregnancy is to provide the most conservative management possible with the hope of delay‐
ing intervention until after pregancy or until the second trimester, when surgical interven‐
tion is relatively safer. There are numerous reports about ERCP during pregnancy especially
for the last ten years.

The largest series in the literature included 65 pregnant patients [100]; the most common in‐
dications for ERCP during pregnancy were recurrent biliary colic, abnormal liver function
tests, and a dilated bile duct on ultrasound. Sixty eight ERCP was performed on 65 pregnant
patients, 17 pregnants were in the first trimester, 20 pregnants were in the second trimester
and 31 pregnants were in the third trimester. The median fluoroscopy time was 1.45 mi‐
nutes. Almost all patients underwent a therapeutic procedure. Post ERCP pancreatitis devel‐
oped in 11 patients (16%), none of whom had a severe course. Most patients achieved a term
pregnancy (89%), there were no fetal deaths, perinatal deaths, or evident congenital malfor‐
mations. Only 5 babies (8%) were born prematurely or with low birth weight.

Another series of 23 patients included 20 of whom underwent a therapeutic ERCP while
three underwent a diagnostic ERCP only [101]. One patient developed post ERCP pancreati‐
tis (after each of her three ERCP). There was one spontaneous abortion and one neonatal
death 26 hours after delivery. The neonatal death and post-ERCP pancreatitis were in the
same patient who undergone three ERCPs (twice during the first and one during the third
trimesters) with pancreatic duct stenting for stenosis of pancretaic orifice after a previous
surgical sphincteroplasty.

Shelton et al in a retrospective series of 21 cases of ERCP with sphincterotomy reported suc‐
cessful extraction of stones in 14 women and successful removal of sludge in 7 women.
There was one maternal complication of pancreatitis. There were 17 healthy babies deliv‐
ered at term; One preterm, low birth weight baby, and 3 unknown fetal outcomes [102].
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Another series described long term follow up of 18 pregnant women who underwent biliary
sphincterotomy for common bile duct stones during pregnancy (first trimester 4, second 6,
third 8) [103]. Despite short term complications (one with postsphincterotomy bleedings,
one with mild post ERCP pancreatitis and preterm labor), no long term maternal complica‐
tions were seen after a median of six years (range 1-11 year). Only 11 of the 18 families were
retrospectively contacted; all 11 babies were healthy on follow up at a mean of 6 years post‐
partum. Only one mother had preterm delivery.

Kahaleh et al reported a total of 17 pregnant patients underwent ERCP; of which 15 had ra‐
diation dosimetry measured. Mean fluoroscopy time was 14 seconds (1-48seconds), mean
estimated fetal radiation exposure was 40mrad (1-180mrad). Complications were reported
as; postsphincterotomy bleeding in one patient, which was controlled by placement of he‐
moclip, and post-ERCP pancreatitis in one patient. All infants delivered had Apgar scores of
8 or greater. Thirteen of 15 patients who delivered were contacted, and they confirmed that
their child was in good health. [104].

In an another series of 15 patients, the incidence of complications (7%) was no different than
the rate of complications observed in nonpregnant patients. [105]. There were no serious ad‐
verse outcomes to the fetus or mother.

Different from the aforementioned reports, Farca et al reported a prospective study ≥10 ther‐
apeutic ERCP during pregnancy [106]. In this study a single 10F stent was placed without
sphincterotomy, all patients had uncomplicated pregnancies and delivered healthy infants.
All underwent ERCP with sphincterotomy and stent extraction postpartum; 8 had stones ex‐
tracted. In two patients, the single 10F stent remained in place for 7 and 8 months, respec‐
tively; no one developed cholangitis.

During the ERCP in pregnancy the perceived risk of radiation exposure is much greater
than the actual risk, but a full explanation of these risks to the pregnant patient and her fam‐
ily is more credible if given prior to exposure. Patients should be fully informed, back‐
ground population risks for miscarriage, congenital anomalies, genetic disease, and the
growth restriction are approximately 20, 4, 10 and 10 percent, respectively. Potential radia‐
tion exposure risks to the fetus can be divided into four categories: intrauterine fetal death,
malformations, disturbance of growth and development, mutagenic and carcinogenic ef‐
fects.

Ionizing radiation is measured in special units, rad (radiation absorbed dose) and rem (radi‐
ation equivalent man) and in the international units, gray (Gy) and sievert (Sv)

(1 rad = 1rem = 0.01Gy = 0.01Sv). The avarage person in United States receives about 360
mrem of ionizing radiation annually, of which about 60 mrem comes from man-made sour‐
ces, including medical exposures such as diagnostic radiographs. The rem is a unit used to
measure the effect of radiation on the human body is referred to as the ‘ effective dose
equivalent’. Fetal radiation exposure can result in developmental abnormalities, particularly
if exposure is during the first trimester when organogenesis occurs. High radiation exposure
may result in fetal wastage. Although estimates vary, it is recommended that fetal radiation
exposure not exceed 100mrem during the first trimester [104].
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Data from studies of animals and nuclear bomb survivors suggest that the period of major
organogenesis, between the 8th and 15th weeks of gestation, is the most sensitive for growth
retardation, which may be observed with exposures of 200-250mrem. Exposures greater
than 100mrem occuring later, during neuron development and migration, may be associated
with microcephaly, seizures, decline in mental ability, and childhood cancer [107]. During
the whole of gestation, the maxium permitted dose of ionizing radiation to the fetus is
500rems [108].

Lead shielding should be used to minimize radiation exposure to the uterus. The lead apron
shield must be placed underneath the patient and not draped over the abdomen since the
radiation source is underneath the patient when using the standard fluoroscopy C-arm
[109]. External shielding can not elimineta fetal exposure due to internally scattered radia‐
tion. Even though the fetus can be shielded, efforts should be made to avoid performing
ERCP during the first trimester. While harmful effects of radiation exposure are unlikely to
develop below a certain threshold of radiation dose, the threshold associated with a risk of
childhood cancers such as leucemia is not known precisely.

Though a majority of investigators have reported no immediate complication in newborn,
because of low dose radiation exposure, no one has looked 10-20 years after the exposure,
from that point; ERCP without fluoroscopy is investigated.

ERCP without fluoroscopy has been reported in some studies [102,111] in the last years.
Sharma and Maharshi [110] described a two step procedure with biliary sphincterotomy and
stenting without fluoroscopy or ultrasound (US) asistance as a first step and definitive ERCP
with stone extraction after delivery. In another series [102] it is described as; endoscopist
controls wire –guided cannulation first; then the cannule is not advanced in to the duct un‐
less the endoscopist is confident that the bile duct has been cannulated, as assesssed by the
presence of bile flowing around the wire from the papillary orifice. Once biliary cannulation
is confirmed, a standard wire-guided biliary sphincterotomy is performed using the papillo‐
tome. While the bile is not seen flowing around the guidewire, instead of advancing the
catheter to aspirate fluid, a 5F 2 cm stent is inserted over the wire and the drainage from the
stent is observed. The color of draining fluid is used to assess whether the stent is in the bile
duct or the pancreatic duct. If the stent reveals bile flow, a stent –guided biliary sphincterot‐
omy using a needdle-knife is performed. The stent is removed after biliary sphincterotomy.

Even though the introduction of ERCP without fluoroscopy, ERCP should be avoided for
weak indications such as preoperative cholangiography in patients with a low probability of
having choledocholithiasis. Women of childbearing age should be asked about the possibili‐
ty of pregnancy and a pregnancy test should be ordered based on clinical history. Other
methods of diagnosis that do not involve radiation should be considered, magnetic reso‐
nance cholangiopancreatography (MRCP) can provide diagnostic information for a variety
of hepatobiliary conditions while endoscopic ultrasonography (EUS) is highly sensitive and
spesific for choledocholithiasis. MRCP for the detection of common bile duct stone and sub‐
sequent extraction without using fluoroscopy has been reported in some newly published
case reports. In a study conducted by Oto et al [111], the role of MRCP in the evaluation of
pregnant patients with acute pancreaticobiliary disease is investigated; 18 pregnant patients
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underwent MRCP for the indications of right upper quadrant pain, cholangitis, jaundice and
pancreatitis. Fifteen of the 18 patients were also evaluated with abdominal US. Biliary dilata‐
tion was detected in 8 patients with US, but the cause of biliary dilatation could not be deter‐
mined by US in 7 patients. MRCP demonstrated the etiology in four of these patients
(choledocholithiasis, Mirizzi syndrome, choledochal cysts, and intrahepatic biliary stones)
and excluded obstructive pathology in the other four patients. MRCP was unremarkable in
the 7 patients who had no biliary dilatation on US. Three patients underwent only MRCP;
two had choledocholithiasis, and one had cholelithiasis and pancreatitis. While this study
suggests that MRCP may be very helpful diagnostically for acute pancreatobiliary disease in
the pregnant population, this study does not give any information about the fetal outcomes,
including the incidence of congenital amlformations after MRCP during pregnancy.

So, in the case of choledocholithiasis, biliary pancreatitis, cholangitis and findings of coledo‐
chal dilatation on abdomianl US with abnormal serum liver function tests and known gall‐
stones, ERCP with / without fluoroscopy should be made.

9.2. Electrocautery and hemostasis

Using cutting and cauterizing current to lesions may occasioanlly be required during preg‐
nancy and has been safely performed without detectable adverse consequences to the devel‐
oping fetus. However, because amniotic fluid has been demonstrated to conduct electrical
current [112], a number of precautions are appropriate. These include ensuring that the ex‐
ternally placed graunding pad is placed close to the interventional electrical catheter so that
the uterus does not lie between them. Devices using only bipolar currents should be used to
minimize this risk of ‘stray’ currents going through the fetus. Electrocautery is relatively
safe when used for sphincterotomy and hemostasis[2,5].

Epinephrine is category C drug during pregnancy and causes a decrease in uterine blood
flow. Its safety, when used as an endoscopic injectant, has not been studied, although, when
given in low dose combinations for analgesia, it is safe. Its use for hemostasis should balance
the benefits with the potential risks [2].

10. Endoscopic ultrasonography

Endoscopic ultrasonography (EUS) is a widely accepted modality for the diagnosis of gas‐
trointestinal and pancreatobiliary diseases. EUS has been shown to reduce unnecessary in‐
terventions in patients with low or moderate probabilities for choledocholithiasis. It is a safe
alternative to fluoroscopy for the evaluation of biliary disorders during pregnancy. Howev‐
er, there are only case reports on EUS for pregnant patients in the literature. The largest ser‐
ies consist of 6 cases of EUS performed for suspected choledocholithiasis in pregnant
patients [102]. EUS findings revealed choledocholithiasis in two patients, biliary sludge in
two patients and nonsignificant findings in two patients.

All six patients were underwent ERCP after EUS, there were no maternal complications. Fe‐
tal outcome was favorable for 5 infants but one infant outcome was unknown. In another
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report, EUS was performed for acute pancreatitis of unknown etiology in 3 pregnant pa‐
tients. Biliary pancreatitis without common bile duct stones found in 2 patients and pancrea‐
titis due to unspecified pancreatic anomaly was found in one pregnant patient. There were
no reported maternal complications in this study with 2 healthy infants but one fetal death
10 weeks after EUS probably due to recurrent cholangitis [113].

One may argue that EUS will prolong the overall time for a procedure. However, when EUS
is normal, ERCP interventions can be avoided. In addition, EUS may provide other useful
information. In experienced hands, the added time for EUS can be only a few minutes. So
further studies are required to assess the role of EUS in the management of pregnant pa‐
tients. However, it would seem acceptable to perform EUS when choledocholithiasis is a
possible but unproven diagnosis and MRCP is an undesirable alternative.

11. Endoscopic spyscopy

The SpyGlass system is a recently developed system for performing cholangioscopy, pan‐
creatoscopy. The main advantage over standard ERCP is that with the SpyGlass system the
scope can be inserted directly into the bile duct and the pathology can be directly visualized,
rather than using radiographs to visualize the bile ducts. This direct visualization allows the
endoscopists to obtain a targetted biopsy, if needed, or to use electrohydraulic lithotripsy to
crush stones under direct vision. This technique has been applied to 7 pregnant patients in
the literature, five patients underwent choledochoscopy using spyscopy after ERCP, sphinc‐
terotomy, and balon sweeps; this procedure confirmed the removal of all choledochal stones
in those patients. In one patient this technique is used to show residual 2 mm common bile
duct stones after balon sweeping at ERCP, and in the remainig patient it has been used to
show the sludge coming from the cystic duct. Choledochoscopy produced no maternal com‐
plications in those reports. This technique allows for the limitation or elimination of ionizing
radiation through direct intraductal visualization and stone clearence confirmation. The di‐
agnostic and therapeutic capability of ERCP is increased in a manner that contributes to pa‐
tient safety and hopefully better maternal and fetal outcomes. So more studies are needed of
this technique during pregnancy to asses the fetal outcomes [4, 114-116].

12. Endoscopic cystogastrostomy

Endoscopic cystogastrostomy with or without endosonographic guidance for drainage of
pseudocyst has been demostrated to be an acceptable alternative to radiologic or surgical
drainage. For the pregnant patient who has a pancreatic pseudocyst, this technique would
be ideal because it would eliminate the risk of radiation incurred by a radiologic drainage
and would involve less risk to the fetus than an intraabdominal surgical procedure. There
are only two cases of endoscopic cystogastrostomy procedure applied to pregnant patients.
In one patient it was successful; the pseudocyst was punctured percutaneously under con‐
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trointestinal and pancreatobiliary diseases. EUS has been shown to reduce unnecessary in‐
terventions in patients with low or moderate probabilities for choledocholithiasis. It is a safe
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patients [102]. EUS findings revealed choledocholithiasis in two patients, biliary sludge in
two patients and nonsignificant findings in two patients.

All six patients were underwent ERCP after EUS, there were no maternal complications. Fe‐
tal outcome was favorable for 5 infants but one infant outcome was unknown. In another
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tients. Biliary pancreatitis without common bile duct stones found in 2 patients and pancrea‐
titis due to unspecified pancreatic anomaly was found in one pregnant patient. There were
no reported maternal complications in this study with 2 healthy infants but one fetal death
10 weeks after EUS probably due to recurrent cholangitis [113].

One may argue that EUS will prolong the overall time for a procedure. However, when EUS
is normal, ERCP interventions can be avoided. In addition, EUS may provide other useful
information. In experienced hands, the added time for EUS can be only a few minutes. So
further studies are required to assess the role of EUS in the management of pregnant pa‐
tients. However, it would seem acceptable to perform EUS when choledocholithiasis is a
possible but unproven diagnosis and MRCP is an undesirable alternative.

11. Endoscopic spyscopy

The SpyGlass system is a recently developed system for performing cholangioscopy, pan‐
creatoscopy. The main advantage over standard ERCP is that with the SpyGlass system the
scope can be inserted directly into the bile duct and the pathology can be directly visualized,
rather than using radiographs to visualize the bile ducts. This direct visualization allows the
endoscopists to obtain a targetted biopsy, if needed, or to use electrohydraulic lithotripsy to
crush stones under direct vision. This technique has been applied to 7 pregnant patients in
the literature, five patients underwent choledochoscopy using spyscopy after ERCP, sphinc‐
terotomy, and balon sweeps; this procedure confirmed the removal of all choledochal stones
in those patients. In one patient this technique is used to show residual 2 mm common bile
duct stones after balon sweeping at ERCP, and in the remainig patient it has been used to
show the sludge coming from the cystic duct. Choledochoscopy produced no maternal com‐
plications in those reports. This technique allows for the limitation or elimination of ionizing
radiation through direct intraductal visualization and stone clearence confirmation. The di‐
agnostic and therapeutic capability of ERCP is increased in a manner that contributes to pa‐
tient safety and hopefully better maternal and fetal outcomes. So more studies are needed of
this technique during pregnancy to asses the fetal outcomes [4, 114-116].

12. Endoscopic cystogastrostomy

Endoscopic cystogastrostomy with or without endosonographic guidance for drainage of
pseudocyst has been demostrated to be an acceptable alternative to radiologic or surgical
drainage. For the pregnant patient who has a pancreatic pseudocyst, this technique would
be ideal because it would eliminate the risk of radiation incurred by a radiologic drainage
and would involve less risk to the fetus than an intraabdominal surgical procedure. There
are only two cases of endoscopic cystogastrostomy procedure applied to pregnant patients.
In one patient it was successful; the pseudocyst was punctured percutaneously under con‐
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ventional ultrasound guidance, than it is aspirated and filled with contrast agent. Then en‐
doscopically a cystogastrostomy was created and a stent was inserted. The patient got well
and gave birth to a healthy infant. In the second patient unfortunately the stent was migrat‐
ed making the procedure partially unsuccessful, but with other techniques patient again got
well and gave birth to a healthy infant too. So according to these two cases endoscopic cys‐
togastrostomy is still a little bit experimental during pregnancy, it should be considered in
pregnants who have symptomatic pseudocysts and cannot delay the procedure until deliv‐
ery [4,29,116-118].
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1. Introduction

In most of gastrointestinal disorders, endoscopy has a major diagnostic and therapeutic role,
but though its clinical efficacy and safety have been established, it is not that well known
when performing it in pregnant patients, due to the potential harm of the foetus like hypo‐
xia, teratogenesis, trauma, placental abruption or induction of premature labor.

Endoscopy is generally considered to be a low risk procedure, the most frequently being
performed at the patient`s request in ambulatory but also in hospitals [1]. Nevertheless, the
safety and effectiveness of gastrointestinal endoscopy in particular circumstances at the
pregnant woman has not been yet well studied. During the pregnancy the risks for the fetus
and mother are various and the magnitude of this risk is different, according to the trimes‐
ter. Taking into consideration the difficulties in the performance of those studies to pregnant
women these risks have not been enough evaluated.

The main concern is the fetal safety and endoscopic medication and use of sedative and an‐
algesics represent a significant risk if they are not chosen properly. It is strongly indicated
the presence of an anesthesiologist and an obstetrician, in selected cases when a pregnancy-
related complication is most probable. Before the procedure, the pregnant patient should be
well evaluated by the gastroenterologist, anesthesiologist and obstetrician and should be in‐
formed about the potential risks of sedation and analgesia.

Because  of  the  fact  that  there  are  potential  risks  for  the  fetus  and  for  the  pregnant
woman, the indications of endoscopy to pregnant women limit to superior gastrointesti‐
nal  hemorrhages,  dysphagia,  uncontrolled  nausea/vomits,  rectal  bleeding,  diarrhea,  bili‐
ary  lithiasis  or  biliary  pancreatitis  [2].  For  that  matter,  endoscopy for  pregnant  women
is  considered to be a  very rare procedure;  in  USA only 19000 pregnant  women do this
type of annual investigation [3].
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ary  lithiasis  or  biliary  pancreatitis  [2].  For  that  matter,  endoscopy for  pregnant  women
is  considered to be a  very rare procedure;  in  USA only 19000 pregnant  women do this
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It is being performed during the pregnancy only when there are no other ways of diagnosis
or therapy less invasive, the indications for the procedure are clear and as much as possible
the gastroscopy should be postponed until third trimester.

The safety of gastrointestinal endoscopy during the pregnancy was evaluated by Cappell et
al [4] who performed esophago-gastro-duodenoscopies on a lot of 83 pregnant women and
concluded on the fact that the procedure is safe and does not induce birth or congenital mal‐
formations. The same authors investigated the safety of sigmoidscopy to 46 patients and es‐
tablished the safety of the procedure to the pregnant women who had small gastrointestinal
bleeding and avoided to induce early labor and the appearance of congenital malformations.
Nevertheless, as a result of data which are rather limited and incomplete in what concerns
the safety of the procedure, fetal risk to endoscopy in the pregnancy has not been complete‐
ly excluded. In that effect, in Qureshi`s work et al. which has been approved by the Ameri‐
can Society of Endoscopic Gastrointestinal Endoscopy (ASGE, 2005) there had been
distinguished the principles that the doctor must comply with when he decides to make en‐
doscopies to a pregnant woman [5].

2. Physiological modifications in the pregnancy and the endoscopy

Pregnant women are susceptible to gastrointestinal reflux disease, biliary tract complica‐
tions and gastrointestinal bleeding, thus needing to be performed upper endoscopy, ERCP
or colonoscopy. For example, only in the United States, upper endoscopy was necessary in
over 12,000 pregnant patients per year and colonoscopy or sigmoidoscopy in more than
6000 pregnant patients per year. ERCP is also needed, as cholelithiasis has a 12% incidence
in pregnant patients. Latest studies suggest that, if having good indication (upper gastroin‐
testinal bleeding, refractory nausea or vomiting), upper endoscopy is relatively safe in preg‐
nant patients.

Increase in size of pregnant uterus determines the lift of stomach along with the modifica‐
tion of intra abdominal segment of esophagus that gets into the thorax. As a result it is being
reduced the tonus of the inferior esophagian sphincter and increases intragastric pressure
which predisposes to gastroesophageal reflux. Even if gastric volume and acidity of gastric
juice does not modify during the pregnancy, the pregnant women show a regurgitating risk
through the decrease of pressure barrier of inferior eshophageal sphincter. This risk justifies
the pharmacological methods of reduction of gastric secretion. 50-80% from the pregnant
women show “retrosternal burning-pyrosis” which is the clinical correspondent of gastro-
esophageal reflux. On those grounds, the pregnant women are considered as having a full
stomach [6].

During the last months of pregnancy, the pregnant uterus modifies anatomic relations be‐
tween abdominal and pelvic organs. These modifications can extend the time of perform‐
ance of the procedure, they can increase the quantity of anaesthesic medicines that are being
administered and the air quantity inoculated in order to facilitate the intraluminal visualiza‐
tion. In order to diminish the compression of vena cava by the pregnant uterus there should
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be adopted the lying down position of the pregnant woman, position that was used in a nor‐
mal way for colonoscopy. For those grounds, the endoscopist must be accustomed with en‐
doscopic procedures to pregnant women and fully evaluate anatomic and pathological
modifications of superior and interior gastrointestinal tract.

Biliary oversaturation and biliary hypomotility are as well frequently seen as physiological
modifications that appear during the pregnancy. Unfortunately, this can lead to the forma‐
tion of biliary sludge and biliary calculi, which at their turn can widen biliary colics, chole‐
cystitis and even pancreatitis.

Airway mucosa is edematiated during the pregnancy, showing a reduction of airways.
Moreover, there is a compensatory increase of ventilation on each minute in order to answer
to demands of maternal and fetal oxygen. Nevertheless, pulmonary capacity is reduced as a
result of ascension of the diaphragm.

As well, during the pregnancy there appear hemodynamic modifications. Cardiac frequency
increases from 90 to 100 beats a minute. Systolic arterial pressure can increase. Pregnant
women cannot often tolerate the supine position, especially after 30 pregnancy weeks, given
reduced arterial pressure because of big weight of the uterus.

3. Endoscopy indications during pregnancy

Endoscopy should be performed during pregnancy only when the indication for the proce‐
dure is clear and there are no less invasive or therapeutical diagnosis ways. In order to per‐
form this operation it is necessary the patient`s informed consent. It should be taken into
account that the procedure should be postponed until second trimester. The specific indica‐
tions for endoscopy during pregnancy, as ASGE recommends are the following:

• Significant or continued GI bleeding

• Severe or refractory nausea and vomiting or abdominal pain

• Dysphagia or odynophagia

• Strong suspicion of colon mass

• Severe diarrhea with negative evaluation

• Biliary pancreatitis, choledocholithiasis, or cholangitis

• Biliary or pancreatic ductal injury

Also, there are a few principles (ASGE) to respect:

• have a strong indication

• preferably perform endoscopy during the second trimester of pregnancy

• use lowest effective dose of sedative drugs and of category A or B, if available
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• minimize procedure time

• position pregnant patients in left pelvic tilt or left lateral position to avoid vena cava or
aortic compression

• presence of fetal heart sounds should be confirmed before sedation is begun and after the
endoscopic procedure

• obstetric support should be available in the event of a pregnancy-related complication

• endoscopy is contraindicated in obstetric complications such as placental abruption, im‐
minent delivery, ruptured membranes, or eclampsia.

The decision of performing an endoscopy to a pregnant patient must be taken by a team:
obstetrician – endoscopist – anaesthesist, because there must be analyzed: the implications
for the fetus, for the mother, the emergency of the situation and the possibility of therapeuti‐
cal alternatives in order to solve the issue in safety conditions or postponement after labor
[7]. An obstetrician must be available during the procedure if there are complications related
to the pregnancy.

4. Fetal and maternal risks in endoscopic explorations

4.1. Endoscopic risks for the fetus

They can be: hypoxy given to oversedation, fetal hyperperfusion given to maternal position,
teratogenity given to the medicines administration, uterine trauma along with the impact on
the fetus through endoscopic trauma, preterm labor through uterine compression. That is
why it is advisable to avoid the performance of endoscopies in first trimester, excepting clin‐
ical emergency cases.

Among these risks, potential risk to dermine a malformation in fetal development through
pills administration, early labor or giving mechanical uterine trauma seriously need evalua‐
tion when it is being analyzed an endoscopic procedure to pregnant people. Moreover, med‐
ical and ethical problems require a reticence for doctors and pregnant people in what
concerns endoscopic studies and require the patient`s informed consent. Fetal normal status
must be confirmed before starting the endoscopy and it must be revaluated as soon as possi‐
ble after its completion.

There is no evidence that certifies increased fetal morbidity for pregnant women that are
subject to endoscopic procedures in comparison with pregnant women that had not been
subject at any investigations. On the contrary, a case control study that enclosed a number of
83 superior digestive endoscopies performed to pregnant women showed that there had not
been any preterm labors and any new born children of these women had not different Ap‐
gar scores to birth in comparison with those women that had not performed these kind of
investigations [4].

A survey performed by 300 specialist gastroenterologists doctors, which included informa‐
tion regarding 73 digestive superior endoscopies and 13 colonoscopies performed during
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the pregnancy, did not succeed to report any significant complication for those pregnancies
[8]. Just as well, a series of groups from 10 medical centers reported an experience of 48 flex‐
ible sigmoidoscopies and 8 colonoscopies performed during the pregnancy [9] and dit not
report any negative result that could affect the fetus and that could be assigned to those en‐
doscopic procedures.

From the point of view of gestation development, fetal complications are: fetal abnormali‐
ties, labor induction, preterm labor that could be determined by endoscopic procedures,
having the greatest risk to appear in the first trimester of pregnancy [10]. In general, the sec‐
ond trimester is considered to have the lowest risk for endoscopic interventions.

Even if the studies that had been performed did not seem to indicate a negative result for
the fetus and which could have been assigned directly to endoscopy, the procedure itself re‐
quires a great caution from the doctors. Endoscopy, which has a diagnostic or therapeutical
role must be taken into consideration only when, without its execution, the risks are higher.
General rules are to postpone the procedure until labor or at least after first trimester of
pregnancy. Pre-procedure training of the pregnant woman must include a special examina‐
tion from the obstetrician and his availability in care of eventual complications. There will
be monitored the fetal heart beats before starting the procedure that will be revaluated as
soon as possible after the completion.

The risk of fetal hypoxy can be reduced through minimum sedation of the pregnant woman.
The procedure is not performed with the mother in position of lying down, because the
pregnant uterus can compress the aorta and/inferior vena cava that causes maternal hypo‐
tension and therefore it could interfere with the placental perfusion. Therefore it is advisable
left lateral position. American Society for Gastrointestinal Endoscopy has recently published
the guidelines that must be fulfilled for the endoscopy to pregnant women, based on availa‐
ble data and the consent of specialist doctors [11].

Fetal monitoring is made through the hearts beats with the help of a monitor and it allows to
the doctor to detect any fatal suffering. This difficulty can be improved through the correc‐
tion of maternal hypoxy or hypotension.

In 2009 ASA and American College of obstetrics and gynecology (ACOG) issued a common
statement regarding the endoscopic interventions performed during pregnancy [12]. The
document contains the following mentions:

• endoscopist must obtain a pre-operative examination together with the obstetrician be‐
fore performing each endoscopic procedure. This must be achieved no matter the gesta‐
tion age of the fetus.

• when the fetus is pre-viable, Doppler detection of fetal heart beats immediately before
and after the procedure is enough.

• when the fetus is viable, continuous intra-operative monitoring of fetal heart beats and
the presence of a gynecology surgeon is ideal, if it appears an emergency labor.

The decision to use a monitor for fetal heart beats should be individualized, according to the
availability of resources.
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4.2. Endoscopic risks for the pregnant woman

Endoscopic risks for the pregnant woman can be:

• precipitated aspiration through abdominal dystensia

• hypotension through the compression of inferior vena cava

• uterine trauma through the anatomic modification

Maternal hypotension appears through the compression of inferior vena cava and the reduc‐
tion of venous return. That is why there must be avoided the supine position during the
procedures.

Compression of abdominal organs by the pregnant uterus can modify the digestive lumen
and therefore the duration of endoscopy can be extended, and for the vizualization it is nec‐
essary a higher amount of air breathed, the endoscope can jump-up (especially to colonos‐
copies) and it can appear an abdominal dystensia accompanied by a discomfort of the
pregnant woman.

Endoscopy for pregnant women is made only in carefully selected cases. It can’t be made an
endoscopy in case of an imminent abortion or if there are some obstetrical problems. The
procedure is better performed during day in a specialized endoscopy office. It can be admin‐
istered oxygen, but it is not compulsory.

5. Sedative medication used for endoscopy in pregnancy

As well the mother and the fetus are subject to some potential risks in case of endoscopic
sedation. These risks vary according to pregnancy trimester.

Sedative and analgesic agents should always be used in that smaller dose in order to mini‐
mize the potential risk of teratogenic effects. The highest risk for the fetus takes place during
the first trimester when it is the most vulnerable to possible teratogenic effects.

As there are no well controlled studies regarding the safety of the fetus towards the pharma‐
cological agents that are used for sedation in the pregnant women endoscopy, no medicine
has been framed by FDA in class A, without teratogenity [13].

Data for safe medicines, not teratogenic, are reduced, because the clinical studies to preg‐
nant women are very rarely performed, they are expensive and require long term monitor‐
ing [14]. This point of view led to the recommendation of sedative medicines for endoscopy
during the pregnancy in very small quantities and only if it is strictly necessary.

A good cooperation between the pregnant woman and gastroenterologist should bring to
the performance of a fast endoscopic procedure, simple and without sedation. But most of
them are made in emergency situations and with therapeutical intentions. In these situations
it is necessary the sedation, and the endoscopist should consult with obstetrician doctor and
with anasthesist about the anesthesic medicines, taking into account the FDA classification

Endoscopy354

of teratogenity of medicines. It is very important that the doctor be familiar with the stages
of fetal development and teratogenesis. At two weeks from the conception, embrionary cells
are subject to the law „all or nothing”. In this period the exposure to toxic drugs will lead
either to a normal and healthy fetus or the embryo will not be viable. In the next eight weeks
and until the second trimester it appears the difference of cells and organogenesis. At the
moment, the exposure to teratogenic medicines will have as a result severe congenital mal‐
formations. In the second and third trimester the medicines can still generate fetal toxicity,
especially from the neurological point of view.

In order to classify their safety when using in pregnancy, drugs were divided by FDA into 5
categories:

1. category A – defined as adequate and well controlled studied in pregnant women;

2. category B - animal studies have revealed no evidence of harm to the fetus, but there
are no adequate studies in pregnant women or animal studies have shown an adverse
effect, but adequate studies in humans have failed to demonstrate a risk to the fetus;

3. category C - animal studies have shown an adverse effect, and there are no adequate
studies in pregnant women or no animal studies have been conducted and there are no
adequate studies in pregnant women;

4. category D - studies in pregnant women have demonstrated a risk to the fetus (howev‐
er, the benefits of therapy may outweigh the risk);

5. category X - studies in both animals and humans have demonstrated evidence of fetal
abnormalities; use is contraindicated in women who are or may be pregnant.

Because there are no well controlled studies regarding fetus safety when using pregnant pa‐
tients sedation in endoscopy, no drug was classified as category A by the FDA.

Most of the drugs used in pregnant patients sedation are category B or C. Category D drugs
should be avoided and used only when the benefit outweighs the risks, while category X it
is not used at all. Sedation should be moderate or anxiolisis; in case of deep sedation is need‐
ed, it should be only under the surveillance of a specialised anesthesiologist. It should be
used the lowest efficacious dose of sedation or, if possible, the endoscopy should be per‐
formed without any sedation: most upper endoscopies and sigmoidoscopies can be accom‐
plished without sedation.

The  most  common  medicines  that  are  used  for  endoscopic  sedation  and  analgesia  are
Meperidine, Fentanyl, benzodiazepines and Propofol.  Meperidine (FDA category B) does
not seem to be teratogenic. It is better than choosing Fentanyl during pregnancy. Fentan‐
yl  (FDA  category  C)  as  well,  can  be  relatively  safe  in  small  doses,  but  there  are  few
available data referring to its safety. The use of some benzodiazepines (FDA category D)
is not yet controversial.

The use of Diazepam is not recommended during pregnancy. The use of Diazepam dur‐
ing pregnancy had been associated with split of the hard palate to new born infants, ac‐
cording to some old studies [15] but other two meta-analyses did not succeed to confirm
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cording to some old studies [15] but other two meta-analyses did not succeed to confirm
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these  results  [16].  Midazolam has  not  been  associated  with  fetal  malformations,  but  its
use must be avoided in the first  trimester.  The safety of Propofol (FDA category B) has
not yet been established, but taking into account the short duration of action, with mini‐
mum secondary  effects,  it  could  be  a  drug of  choice  when it  is  necessary  a  more  pro‐
found sedation.

In the first trimester endoscopic procedures must rather be achieved without sedation or by
using Meperidine all alone. In the second and third trimester Meperidine remains the first
choice drug, but little doses of Midazolam can be added according to needs.

If it is necessary a more profound sedation, it is recommended the examination with the an‐
aesthesist. The pregnancy in trimesters two and three represents a great challenge for endos‐
copies, taking into account the management of airways, sedation and monitoring cardiac
and respiratory functions and the fluids balance. Approaching must be made by a team that
includes the obstetrician, anaesthesist and the endoscopist working together in a hospital.

There are certain drugs commonly used in gastrointestinal endoscopy: meperidine, fentanyl,
naloxone, benzodiazepines, pethidine, flumazenil, propofol, simethicone, glucagon, topical
anesthetics, colon-cleansing agents that need to be discussed extensively, according to their
category.

5.1. Meperidine (category B)

Of all opioidagonists that have teratogenic effects on animals, meperidine appears to be safe
when being used for endoscopy in pregnant women[17; 18]. This is one of the standard
drugs used for analgesia and sedation and is the preferred opiate during pregnancy. It does
not cross the blood brain barriers or a pidasmorphineandis often used by obstetricians for
analgesia during labor. However, using high doses close to birth time, may cause neonatal
respiratory depression. Meperidine may also be responsible for transient fetal heart rate ab‐
normalities, but in the absence of other fetal changes it can not be considered an indicator of
poor prognosis in this situation[19].

To obtain the minimum sedation effect during endoscopy in pregnant women it should be
used the lowest dose, limited to a maximum of 75 mg meperidine during routine explora‐
tion. In case of occasional occurrence of respiratory depression or hypotension secondary to
opiate use, there can be used rapid acting opiate antagonists such as naloxone (B category)
[20]. It crosses the placenta shortly after administered to the mother and was not shown to
be associated with teratogenicity. It is preferred compared to fentanyl and morphine.

5.2. Fentanyl (category C)

It is considered that fentanyl is a safe opiate when used in low doses if administered during
pregnancy. It has a faster onset of action than meperidine and is generally indicated in preg‐
nant patients with a previous history of seizures. Although it was found as being embryoci‐
dal to rats, clinical experience in pregnant women was very similar to meperidine [21].
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5.3. Naloxone (category B)

It doesn’t seem to be teratogenic. It is contraindicatedin mothers who are dependent on opi‐
ates because it may precipitate opiate-withdrawal symptoms. It is being used only in cases
of respiratory depression, hypotension, or lack of response and under strict monitoring. It
should be noted that there is a risk of resedation due to metabolising the drug.

5.4. Flumazenil (category C)

It is a benzodiazepine antagonist, not very well studied, but it seems it might determine
neurobehavioral changes in rats if exposed to it in utero.

5.5. Benzodiazepines (category D)

Diazepam accumulates rapidly into fetal circulation after maternal administration and was
associated with congenital defects in mice. As concerning the occurrence of similar anoma‐
lies in humans, opinions are divided. The data suggest that administration of diazepam in
early pregnancy appears to be a risk factor, although using it during the second and third
trimester could theoretically determine neurobehavioral disorders in neonates [25]. There‐
fore, the conclusion is that diazepam should not be used during pregnancy.

Midazolam is the most commonly used sedative for endoscopic procedures. Although it
crosses the placentaandcanbedetected to the fetus, unlike diazepam, it is not concentrated in
the fetal circulation and was not associated with congenital defects. However, belonging to
benzodiazepines, it has the neonatal respiratory depressant potential. Therefore it should be
used in small doses, with great care under the supervision of ananesthesiologist, when seda‐
tion with meperidineisin sufficient [26].A meta-analysis of studies on the risks of anesthesia
for gastroscopies during pregnancy concluded that the only potential problem is a slight in‐
creased incidence of abortion in the first or second trimester of pregnancy[27]. It is not rec‐
ommended during the first trimester of pregnancy [28].

5.6. Propofol (category B)

Propofolis an increasingly used for endoscopy sedative drug, especially in the United States.
It is short acting, with a much shorter recovery period than other sedative pharmacological
agents[22]. However, following an arrow therapeutic index and potential respiratory de‐
pression, itis generally administered only by anesthesiologists. Gastroenterologists’ medical
societies have recommended that this agent should be reserved for deeper sedation and oth‐
er complicated clinical situations in a highly monitored for vital functions environment [23].
It is considered relatively safe for use during pregnancy, although few data are available re‐
garding its use in the first trimester of pregnancy[24].

5.7. Simethicone (category C)

It is frequently used in pregnant patients, with no reported addverse effects, but it is not ex‐
tensively studied yet so it belongs to category C drugs.
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5.8. Glucagon (category B)

It is a safe to use antispasmodic, especially in ERCP.

5.9. Topical anesthetics (category B)

Lidocaine is used to provide pharingeal anesthesia and it was reported as being safe to use
even in the first trimester of pregnancy.

5.10. Colon cleansing-agents

Most of them are category C, due to lack of studies during pregnancy, and this is the case for
PEG solutions (polyethylene glycol) and sodium phosphate solutions which can cause fluid
disturbance. It is considered that for flexible sigmoidoscopy tap water enemas are sufficient.

6. Endoscopy and variceal bleeding in pregnancy

Variceal gastrointestinal bleedings during pregnancy are true emergencies. A delay in their
treatment could lead to serious complications and even death of the mother and fetus. Ther‐
apeutic endoscopic procedures (sclerotherapy) are recommended as first line treatment. Ef‐
fectiveness and relative safety of these approaches during pregnancy is documented in the
literature [29]. Octreotide is used to treat variceal bleeding but its safety in pregnancy has
not been established.Non-variceal gastrointestinal bleeding were successfully treated with
endoscopic therapy during pregnancy using an epinephrine injection plus either placement
of hemostatic clips or thermo-coagulation.

7. Endoscopic Retrograde Cholangiopancreatography (ERCP)

It is strongly recommended to be performed by very well trained endoscopists and is indi‐
cated in pregnant patients with pancreatitis, cholangitis, choledocholithiasis (complicated
with jaundice, impacted or not). If possible, ERCP should be postponed from the first tri‐
mester to the second in order to minimize irradiation’s potential teratogenic effect. There
should be used a lead shielding for the patient’s abdomen, a guidewire as opposed to injec‐
tion of contrast and minimal use of fluoroscopy and spot radiographs.

8. Lower endoscopy

It is indicated in important lower intestinal bleeding, severe unexplained diarrhea and colon
neoplasm suspicion. Colorectal cancer screening or change in bowel habits are indications
that may be postponed for the postpartum period.

Most of the studies specify sigmoidoscopy as a safely procedure during pregnancy (in sta‐
ble pregnant patients, having strong indication: sigmoid or rectal mass, severe diarrhea –
prolonged and not responding to specific treatment, lower intestinal hemorrhage). It should
be postponed until after birth for patients complaining abdominal pain or change in bowel
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habits. Sigmoidoscopy is not causing congenital abnormalities and isn’t inducing labor, all
studies performed so far reporting delivery of healthy new borns at term.

Colonoscopy safety during pregnancy is not yet properly studied, thus guidelines are not
available. It is recommended only for life-threatening situations. Maneuvers like placing the
patient in the prone position or exerting external abdominal compression should be avoid‐
ed, especially in the third trimester of pregnancy.

9. Nonendoscopic imaging modalities of the digestive tract during
pregnancy

There can be used endoscopic videocapsules which offer theoretical advantages of gastroin‐
testinal mucosa inspection. They do not need sedation of the patient or mechanical pressure
on the abdomen, but safety of their use during pregnancy is unknown. Originally designed
to view the small intestine, a change in the original design is now available to inspect the
esophagus. It remains to be seen if technical adjustments of this technology will allow future
use for the colonas well.

Virtual  colonoscopy by MRI is  safer  during pregnancy than using classic  CT.  Although
still classified as "experimental", virtual technologies are increasingly used as a screening
tool  for  colorectal  neoplasia.  However,  its  safety  has  not  been studied in  pregnancy al‐
though there are some reports showing the usefulness and lack of teratogenicity from ab‐
dominal  MRI  with  gadolinium  as  contrast  agent  in  different  clinical  situations  during
pregnancy [30; 31; 32].

10. Conclusions

Performing endoscopies in pregnant patients has not only to be done by a physician experi‐
enced in general gastroenterology and endoscopic procedures but also highly experienced
in performing such procedures in pregnant women. It is not recommended for these endos‐
copies to be performed by a beginner, as they carry the unique issue of fetal safety. Endo‐
scopic interventions in pregnancy must be performed quickly and with caution. The
endoscopist should always be prepared to discontinue the action at any time for safety rea‐
sons. An anesthesiologist and an obstetrician must be part of the working team, especially
ready for emergencies.

A number of studies concluded that esophagogastroduodenoscopy and sigmoidoscopy are
not contraindicated during pregnancy. If for instance significant upper gastrointestinal
bleeding is suspected, emergency esophagogastroduodenoscopy should be performed. Sig‐
moidoscopy is to be considered when the pregnant patient is stabilized, and only if strong
indications for this procedure exist.
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Even if no definitive data exist at the present time, ERCP should be performed when the
possibility for a sphincterotomy exists. It should only be attempted by highly trained per‐
sonnel, in a center with extensive experience and the resources to resolve all possible issues
that may incur.
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1. Introduction

Upper urinary tract endoscopy has come a long way from the first endoscopic examination
performed in 1912 by Young and McKay. They used a 9.5 F rigid cystoscope in a patient
with a very dilated ureter [1]. Current semi-rigid and flexible instruments are purposely de‐
signed to allow diagnostic and effective therapeutic interventions with minimal associated
morbidity. The timeline of this evolution is perfectly described elsewhere [2].This chapter
summarises the instrumentation available to the modern urologist, the basic principles be‐
hind their use and the major clinical outcomes now expected from their use.

2. Technology

This section will describe the endoscopes in modern use and the ancillary equipment we use
for therapeutic indications. While some units still use a rigid ureteroscope these have been
replaced in many units by semi-rigid and flexible ureteroscopes.

2.1. Endoscopes

2.1.1. Semi-rigid

The semi-rigid ureteroscope is the workhorse of endoscopic ureteric surgery. It was devel‐
oped from the larger rigid ureteroscope primarily because of concerns about the inability of
the rigid scope to access the upper ureter without causing significant damage to the urothe‐
lium. The “flexibility” and reduced size are primarily due to the introduction of fibre-optics.
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The fibre-optic bundles (clad for image transmission, unclad for light transmission) are fixed
at both ends which permits movement without loss of picture quality.

Modern scopes have either straight (Figure 1) or offset eyepiece. The only advantage of the off‐
set eyepiece is that it allows the use of larger therapeutic instruments.The shaft is usually ta‐
pered so that the distal diameter (4.5 – 9 F) is less than the proximal (6.5-15F). The difference
between proximal and distal diameter varies between manufacturers but is of the order of 2-4
F. The scope length is described as being “short” at approximately 30 cm or long at 40+ cm.
Short scopes are useful for the lower ureter in males and lower and upper ureter in females. The
long ureteroscope is best for visualisation and treatment in the upper ureter.Within the metal‐
lic sheath are the fibre-optic bundles and either one or two working channels. If two channels
are being used, one tends to be larger to allow instrumentation and either continued of irriga‐
tion or a second working instrument.The distal end tends to be ovoid (figure 2). A variety of ac‐
cessories are available to improve irrigation flow but the vast majority of procedures are done
using gravity, either alone or using pressurised irrigation bags.

Figure 1. Headpiece of modern semi-rigid Ureteroscope. This model has a straight eyepiece with two working chan‐
nels each with a red rubber seal. In this model both channels are equal in diameter.

Figure 2. Distal tip of a semi-rigid ureteroscope showing the larger opening of the working channels (right side) com‐
pared to the optical opening. Note the stepped appearance as opposed to a more usually seen tapered tapered ap‐
pearance. The lens is angled at 5 degrees to allow visualisation of the working instruments as they exit the channel.

Endoscopy364

Semi-rigid ureteroscopes are very durable instruments. The biggest reason for failure is im‐
proper use or maintenance. Factors associated with failure are age, shaft design (tapered <
stepped) length (long > short) and diameter (narrow > wider). While the instruments flexi‐
bility has increased its therapeutic potential, it also increases its susceptibility to breakage
and deflections above 5cm are said to be particularly damaging to the instruments [3-4].

Figure 3. An Olympus flexible ureteroscope (single active deflection, one thumb handle) and Wolf semi-rigid uretero‐
scope.

2.1.2. Flexible ureteroscopy (figure 3)

2.1.2.1. Historical perspective

The first flexible ureteroscope was introduced through a ureterotomy at open surgery in
1960 [5]. The first trans-urethral instrument was used in 1962 to treat a stone in the lower
ureter. This instrument and its immediate successor were diagnostic instruments which
could not be manoeuvred. In addition they required forced diuresis to keep the ureter pat‐
ent. A group from the University of Chicago pioneered the next major developments to in‐
corporate a deflecting tip. This instrument still required insertion into the ureter through a
rigid channel but was the first flexible ureteroscope to resemble a modern instrument [6].
The same group were the first to trial an actively deflecting flexible ureteroscope and intro‐
duced secondary passive deflection to produce the modern ureteroscope [7].

2.1.2.2. Modern design

The basic design of the instrument is similar to the semi-rigid instrument.Each uses non-co‐
herently arranged light bundles for light transmission (flexi uses 1-2 only) and coherently
arranged bundles for image transmission (flexi uses one). Likewise there is a working chan‐
nel (one) which is usually 3.2 F diameter. In the flexible scope this is cylindrical and situated
slightly off-center. This is because of the fibre-optics for image transmission.The degree of
eccentricity of the working channel is greater with increasing diameter and results in a dis‐
proportionate larger loss of deflection when using instruments. A further loss of deflection
ability comes from using “stiffer” instruments.The flexible ureteroscope is also hard wearing
but rather than drawing its strength from steel column strength comes from composite poly‐
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meric materials. They also come in variable lengths (54 – 70 cm) and are tapered with a dis‐
tal end of 4.9 – 11 F (most 5.3 – 8.7) and a proximal diameter of 5.8 – 11F(most 7.7-9.9).

2.1.2.3. Differences between semi-rigid and flexible ureteroscopes

The essential difference between the two types of ureteroscope are in terms of optics and
ability to deflect. The fibre-optic bundles are smaller in the flexible scope. This usually does
not adversely impact on light intensity because of the higher refractive index of the bundles.
The angle of view is altered by fitting the distal bundles with an angled lens. Usually this is
up to 10° and allows visualisation of instruments as they exit the working channel. The
depth of view is less in the flexible scope due to fibre-optic technology, this is compensated
for by magnification and focusing. This is a feature common for all flexible endoscopy.

The major difference between the two types of ureteroscope is in the degree of movement
available with the flexible instrument. The initial range of deflection was up to 170°. This
was based on the measurement of the maximum uretero-infundibular angle [8]. The most
modern ureteroscopes can deflect to 270° both sides.

Deflection is sub-divided into active and passive deflection.Active deflection is controlled by
a lever mechanism just behind the eyepiece. The basic principle behind this is that moving
wires which pass through the scopes cladding and which are fixed to the distal tip causes
the scope to bend. Where one lever is present this is called primary active deflection. The
most modern scopes have a second active deflection mechanism (figure 4). Passive deflec‐
tion is facilitated by a “softer” segment of the ureteroscope which on contact with the curves
of the intra-renal collecting system allows the scope to be deflected. This allows inspection
of and treatment in all parts of the collecting system.

Figure 4. Cartoon depicting deflection in a flexible ureteroscope. The softer segment (**) is represented in red and is
the point at which the flexible ureteroscope “bends” on contact with the urothelium. The single * represents the point
of primary active deflection and the double ** represents the point of secondary active deflection.

Not surprisingly the flexible ureteroscope does not have the same longevity as the semi-rig‐
id ureteroscope and the cost of repair is about twice that of a semi-rigid ureteroscope. The
risk factors for damage are increasing length and decreasing diameter of flexible uretero‐
scope, instrument or laser damage to the working channel or overzealous deflection within
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the collecting system especially with an instrument in situ[4]. Pietrow et al have looked at
factors to increase the lifespan of flexible instruments. The instrument should be stored with
the headpiece upright and the tip dependent. At no time should the shaft be bent, as to do
so risks damaging the light bundles. This damage is evident as black dots within the image.
When inserting instruments it is best to ensure that the tip is straight and a laser should not
be activated until the tip of the fibre is about two mm from the telescope. As repeated inser‐
tion can be damaging it is thought that access sheaths can prevent damage. The use of softer
wires (eg Nitinol) and smaller calibre laser fibres can also help [9].

2.2. Ancillary technology

These are the instruments and technology which turn the instrument from a diagnostic tool
into a potent therapeutic modality.

2.2.1. Tissue / stone destruction

There are four techniques for stone destruction in use in Urology. Of these two (laser and
EHL) are most widely used in ureteric and intra-renal endoscopy.Electro-Hydrolic Litho‐
tripsy (EHL) uses the cavitation bubble produced by an electrically induced spark to destroy
calculi. This is achieved by the expansion of the bubble resulting in a shock wave, followed
by its collapse and rebound off any surface with which it comes into contact. Using a 5F
probe up to 90% of ureteral calculi can be successfully treated. The advantage of this tech‐
nology is that it is relatively inexpensive with low running costs. The disadvantage is that,
because of the uncontrollable nature of the shock wave, fragments are propelled forward.
This is also the explanation for the ureteric perforation rates of up to 8.5% [10].For best re‐
sults the probe should be held at a minimum distance of 1 mm from the stone and 1-2 mm
from the ureteroscope and urothelium.

Ultrasound, pneumatic and EHL sources are useful only for treating calculi. Hence for treat‐
ment of upper tract lesions or haemostasis for biopsy other technologies are required. Con‐
tact diathermy probes are available but are limited by size to treating ureteric and renal
pelvic lesions. Their use with a flexible ureterorenoscope limits deflection.

The primary energy method used in endourological management of both stones and small
volume upper tract TCC is LASER. While many laser types have been used the main laser
used is the Holmium: YAG laser (figure 5). The primary reason for this is that it is the only
laser capable of destroying any stone type. The Holmium is a solid state pulsed laser with a
wavelength of 2100 nm and delivers the enrgy through quartz fibres. The fibres range in size
from 200 – 1000 µm. In our unit we use a 270 and 365 µm fibre both of which can be used
through a semi-rigid and flexible ureteroscope. Most lasers use an acoustic shock wave (sim‐
ilar to EHL) generated by vaporising the fluid in front of the fibre creating a gas bubble.The
Holmium laser does produce vaporisation but its primary effect is photo-thermal thus effec‐
tively evaporating the stone or tissue [11]. This produces tiny fragments of approximately
the same size as the fibre. This is in contra-distinction to other energy forms which produce
uneven larger fragments. However retro-pulsion of fragments can occur being seen most

Modern Upper Urinary Tract Endoscopy
http://dx.doi.org/10.5772/52750

367



meric materials. They also come in variable lengths (54 – 70 cm) and are tapered with a dis‐
tal end of 4.9 – 11 F (most 5.3 – 8.7) and a proximal diameter of 5.8 – 11F(most 7.7-9.9).

2.1.2.3. Differences between semi-rigid and flexible ureteroscopes

The essential difference between the two types of ureteroscope are in terms of optics and
ability to deflect. The fibre-optic bundles are smaller in the flexible scope. This usually does
not adversely impact on light intensity because of the higher refractive index of the bundles.
The angle of view is altered by fitting the distal bundles with an angled lens. Usually this is
up to 10° and allows visualisation of instruments as they exit the working channel. The
depth of view is less in the flexible scope due to fibre-optic technology, this is compensated
for by magnification and focusing. This is a feature common for all flexible endoscopy.

The major difference between the two types of ureteroscope is in the degree of movement
available with the flexible instrument. The initial range of deflection was up to 170°. This
was based on the measurement of the maximum uretero-infundibular angle [8]. The most
modern ureteroscopes can deflect to 270° both sides.

Deflection is sub-divided into active and passive deflection.Active deflection is controlled by
a lever mechanism just behind the eyepiece. The basic principle behind this is that moving
wires which pass through the scopes cladding and which are fixed to the distal tip causes
the scope to bend. Where one lever is present this is called primary active deflection. The
most modern scopes have a second active deflection mechanism (figure 4). Passive deflec‐
tion is facilitated by a “softer” segment of the ureteroscope which on contact with the curves
of the intra-renal collecting system allows the scope to be deflected. This allows inspection
of and treatment in all parts of the collecting system.

Figure 4. Cartoon depicting deflection in a flexible ureteroscope. The softer segment (**) is represented in red and is
the point at which the flexible ureteroscope “bends” on contact with the urothelium. The single * represents the point
of primary active deflection and the double ** represents the point of secondary active deflection.

Not surprisingly the flexible ureteroscope does not have the same longevity as the semi-rig‐
id ureteroscope and the cost of repair is about twice that of a semi-rigid ureteroscope. The
risk factors for damage are increasing length and decreasing diameter of flexible uretero‐
scope, instrument or laser damage to the working channel or overzealous deflection within

Endoscopy366

the collecting system especially with an instrument in situ[4]. Pietrow et al have looked at
factors to increase the lifespan of flexible instruments. The instrument should be stored with
the headpiece upright and the tip dependent. At no time should the shaft be bent, as to do
so risks damaging the light bundles. This damage is evident as black dots within the image.
When inserting instruments it is best to ensure that the tip is straight and a laser should not
be activated until the tip of the fibre is about two mm from the telescope. As repeated inser‐
tion can be damaging it is thought that access sheaths can prevent damage. The use of softer
wires (eg Nitinol) and smaller calibre laser fibres can also help [9].

2.2. Ancillary technology

These are the instruments and technology which turn the instrument from a diagnostic tool
into a potent therapeutic modality.

2.2.1. Tissue / stone destruction

There are four techniques for stone destruction in use in Urology. Of these two (laser and
EHL) are most widely used in ureteric and intra-renal endoscopy.Electro-Hydrolic Litho‐
tripsy (EHL) uses the cavitation bubble produced by an electrically induced spark to destroy
calculi. This is achieved by the expansion of the bubble resulting in a shock wave, followed
by its collapse and rebound off any surface with which it comes into contact. Using a 5F
probe up to 90% of ureteral calculi can be successfully treated. The advantage of this tech‐
nology is that it is relatively inexpensive with low running costs. The disadvantage is that,
because of the uncontrollable nature of the shock wave, fragments are propelled forward.
This is also the explanation for the ureteric perforation rates of up to 8.5% [10].For best re‐
sults the probe should be held at a minimum distance of 1 mm from the stone and 1-2 mm
from the ureteroscope and urothelium.

Ultrasound, pneumatic and EHL sources are useful only for treating calculi. Hence for treat‐
ment of upper tract lesions or haemostasis for biopsy other technologies are required. Con‐
tact diathermy probes are available but are limited by size to treating ureteric and renal
pelvic lesions. Their use with a flexible ureterorenoscope limits deflection.

The primary energy method used in endourological management of both stones and small
volume upper tract TCC is LASER. While many laser types have been used the main laser
used is the Holmium: YAG laser (figure 5). The primary reason for this is that it is the only
laser capable of destroying any stone type. The Holmium is a solid state pulsed laser with a
wavelength of 2100 nm and delivers the enrgy through quartz fibres. The fibres range in size
from 200 – 1000 µm. In our unit we use a 270 and 365 µm fibre both of which can be used
through a semi-rigid and flexible ureteroscope. Most lasers use an acoustic shock wave (sim‐
ilar to EHL) generated by vaporising the fluid in front of the fibre creating a gas bubble.The
Holmium laser does produce vaporisation but its primary effect is photo-thermal thus effec‐
tively evaporating the stone or tissue [11]. This produces tiny fragments of approximately
the same size as the fibre. This is in contra-distinction to other energy forms which produce
uneven larger fragments. However retro-pulsion of fragments can occur being seen most

Modern Upper Urinary Tract Endoscopy
http://dx.doi.org/10.5772/52750

367



with larger fibres. Like EHL, the holmium laser can damage urothelium and perforate the
ureter. However this requires direct contact with the urothelium as because of its high ab‐
sorption in water the laser energy penetrates no more than 1 mm into hydrated tissue. It has
been estimated that this contact time is of the order of two seconds [12].

Figure 5. A holmium laser in use on an intra-renal stone at semi-rigid ureteroscopy.

2.2.2. Anti-migration devices

As indicated above one of the biggest problems withtreating stones in the ureter is retropul‐
sion. There have been a number of approaches to reducing this migration. The most com‐
mon approach is to place a device beyond the stone in a closed manner. Once past the stone
the device is deployed to form a barrier to retrograde stone passage.The most used exam‐
ples of this are the Stone cone © (Boston Scientific) (figure 6) and the N-Trap (Cook Medi‐
cal). The Stone Cone is a Nitinol based wire with a length which is softer and forms a conical
shaped when deployed. It is straightened by passing it over a wire and assumes its natural
shape once the wire is removed. The N-Trap when deployed from its access sheath forms a
basket. Laser lithotripsy is then performed and any fragments which migrate upwards do so
into the Cone/Basket. At the end of the lithotripsy procedure, the Cone/Basket is gently re‐
moved under vision with the ureteroscope. Both devices are designed to release a stone
fragment when a threshold level of pressure is reached. This prevents larger fragments im‐
pacting in the ureter at attempted removal.

Figure 6. The Stone Cone (Boston Scientific) in its “cone” shape prior to use.
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A newer approach is to inject a liquid polymer above the stone which on exposure to body
temperature solidifies. This forms a seal or plug which prevents migration. Once the stone is
destroyed cold saline irrigation is used which liquefies the gel. The polymers construction is
such that any residual gel is degraded and gone from the ureter by two hours. The only
commercially available model is the Backstop from Boston Scientific.

2.2.3. Baskets and graspers

These come in multiple shapes and sizes with the primary aim of grasping or trapping the
stone fragments. This allows physical removal of the fragments. Graspers tend to have three
prongs which facilitates extraction of “larger” fragments. They tend to have a co-axial de‐
sign with inner and outer sheaths. Retrieval is facilitated by advancing the inner sheath. Bas‐
kets are designed to trap multiple small fragments within their Nitinol wires. There are
various designs with varying features aimed at improving the stone free rate post lithotrip‐
sy. Tipless designs are said to reduce the risk of urothelial perforation. A recent trend is the
basket in which laser lithotripsy can be performed with the laser fibre being introduced
through the hollow shaft (eg Cook Flat wire stone extractor).

Figure 7. A re-usable ureteroscopic biopsy forceps (left) and a tri-radiate grasper (Captura, Cook medical)

2.2.4. Biopsy forceps

These instruments are a standard part of the endourologists arsenal. They are used for for‐
eign body removal in the case of a migrated JJ stent. Also they are useful for biopsy of intra-
ureteric lesions for histological evaluation. However because of size constraints resultant
from the dimensions of the ureteroscope, they are very small and the biopsy sample attained
is often too small for analysis. A solution to this was developed by Cook. They backloaded a
larger biopsy forceps (Bigopty) through the ureteroscope and then connected it to the biopsy
handle. The biopsy forceps thus enters the ureter before the ureteroscope and hence can be
of greater size (figure 8).
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with larger fibres. Like EHL, the holmium laser can damage urothelium and perforate the
ureter. However this requires direct contact with the urothelium as because of its high ab‐
sorption in water the laser energy penetrates no more than 1 mm into hydrated tissue. It has
been estimated that this contact time is of the order of two seconds [12].

Figure 5. A holmium laser in use on an intra-renal stone at semi-rigid ureteroscopy.

2.2.2. Anti-migration devices
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into the Cone/Basket. At the end of the lithotripsy procedure, the Cone/Basket is gently re‐
moved under vision with the ureteroscope. Both devices are designed to release a stone
fragment when a threshold level of pressure is reached. This prevents larger fragments im‐
pacting in the ureter at attempted removal.

Figure 6. The Stone Cone (Boston Scientific) in its “cone” shape prior to use.

Endoscopy368

A newer approach is to inject a liquid polymer above the stone which on exposure to body
temperature solidifies. This forms a seal or plug which prevents migration. Once the stone is
destroyed cold saline irrigation is used which liquefies the gel. The polymers construction is
such that any residual gel is degraded and gone from the ureter by two hours. The only
commercially available model is the Backstop from Boston Scientific.

2.2.3. Baskets and graspers

These come in multiple shapes and sizes with the primary aim of grasping or trapping the
stone fragments. This allows physical removal of the fragments. Graspers tend to have three
prongs which facilitates extraction of “larger” fragments. They tend to have a co-axial de‐
sign with inner and outer sheaths. Retrieval is facilitated by advancing the inner sheath. Bas‐
kets are designed to trap multiple small fragments within their Nitinol wires. There are
various designs with varying features aimed at improving the stone free rate post lithotrip‐
sy. Tipless designs are said to reduce the risk of urothelial perforation. A recent trend is the
basket in which laser lithotripsy can be performed with the laser fibre being introduced
through the hollow shaft (eg Cook Flat wire stone extractor).

Figure 7. A re-usable ureteroscopic biopsy forceps (left) and a tri-radiate grasper (Captura, Cook medical)

2.2.4. Biopsy forceps

These instruments are a standard part of the endourologists arsenal. They are used for for‐
eign body removal in the case of a migrated JJ stent. Also they are useful for biopsy of intra-
ureteric lesions for histological evaluation. However because of size constraints resultant
from the dimensions of the ureteroscope, they are very small and the biopsy sample attained
is often too small for analysis. A solution to this was developed by Cook. They backloaded a
larger biopsy forceps (Bigopty) through the ureteroscope and then connected it to the biopsy
handle. The biopsy forceps thus enters the ureter before the ureteroscope and hence can be
of greater size (figure 8).
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Figure 8. Bigopty (Cook Medical), a backloaded ureteric biopsy forceps,capable of taking large biopsy samples.

3. Ureteroscopy technique

All uretersocopy is preceded by a careful cystoscopy. A negative MSU or treatment with
culture appropriate antibiotics is mandatatory. Active infection is the only absolute contra-
indication to ureteroscopy. Relative contra-indications are ongoing anti-coagulation therapy
or bleeding diatheses. Appropriate antibiotic prophylaxis is given at induction of anaesthe‐
sia. This has been shown to reduce infection rates from 13 to 2% [13].Ureteroscopy is usually
under a general / spinal anaesthetic with the patient in the lithotomy position but can also be
performed in the flank or prone positions.Some authors suggest that the ipsilateral leg be
straightened to facilitate ureteral entry.A careful cystoscopy prevents bleeding from the
bladder neck which can impair vision and identifies situations where ureteral access is more
difficult such as the man with a median lobe or high bladder neck. The primary aim of the
cystoscopy is to insert a 0.035 to 0.038 inches guidewire (“floppy” end first) into the relevant
ureteric orifice which facilitates the safe introduction of the semi-rigid ureteroscope. This is
placed into the renal pelvis under fluoroscopy so that the floppy end is seen to be coiled.
This wire is typically called the “safety” wire. Should this prove difficult, the bladder should
be emptied and a further attempt made. If it still proves difficult a ureteric catheter can be
used to straighten the intra-mural ureter (figure 9). This usually allows the wire to pass. The
bladder is emptied on completion to avoid distortion of the ureteric orifice and minimise
kinking of the intra-mural ureter.

3.1. Semi-rigid ureteroscopy (AUA and EAU guidelines, ref 14-15)

The initial step is introducing the ureteroscope into the ureteric orifice. The tip of the scope
can be passed under a ”safety” guidewire to facilitate entry. If this does not permit entry
then the scope should be rotated. Should this fail a second wire can be introduced and the
tip of the scope passed between the two wires. This is called “rail-roading” (figure 10). If this
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does not work then the next step is dilatation of the ureteric orifice and should that fail then
a JJ stent is placed. This results in dilation by loss of peristalsis. Interval ureteroscopy can
then be performed after approximately two weeks.

Figure 9. Use of a ureteric catheter (white tube) to facilitate entry into the left ureteric orifice in a man with a median
lobe of prostate and a high bladder neck.

A longer ureteroscope is needed in males due to the combination of the longer urethra, the
relatively immobile prostatic urethra and the better development of the Psoas muscle. The
latter factor can make it difficult to negotiate the ureteroscope beyond the iliac vessels. A
second wire can sometimes help straighten a tortuous ureter. However, excessive force
should be avoided because of the risk to the ureter (mucosal damage, perforation) and to the
ureteroscope because of shear forces.

Figure 10. View from a ureteroscope as it is being inserted into the left ureteric orifice between two guidewires (rail‐
roading)
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Figure 8. Bigopty (Cook Medical), a backloaded ureteric biopsy forceps,capable of taking large biopsy samples.
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indication to ureteroscopy. Relative contra-indications are ongoing anti-coagulation therapy
or bleeding diatheses. Appropriate antibiotic prophylaxis is given at induction of anaesthe‐
sia. This has been shown to reduce infection rates from 13 to 2% [13].Ureteroscopy is usually
under a general / spinal anaesthetic with the patient in the lithotomy position but can also be
performed in the flank or prone positions.Some authors suggest that the ipsilateral leg be
straightened to facilitate ureteral entry.A careful cystoscopy prevents bleeding from the
bladder neck which can impair vision and identifies situations where ureteral access is more
difficult such as the man with a median lobe or high bladder neck. The primary aim of the
cystoscopy is to insert a 0.035 to 0.038 inches guidewire (“floppy” end first) into the relevant
ureteric orifice which facilitates the safe introduction of the semi-rigid ureteroscope. This is
placed into the renal pelvis under fluoroscopy so that the floppy end is seen to be coiled.
This wire is typically called the “safety” wire. Should this prove difficult, the bladder should
be emptied and a further attempt made. If it still proves difficult a ureteric catheter can be
used to straighten the intra-mural ureter (figure 9). This usually allows the wire to pass. The
bladder is emptied on completion to avoid distortion of the ureteric orifice and minimise
kinking of the intra-mural ureter.

3.1. Semi-rigid ureteroscopy (AUA and EAU guidelines, ref 14-15)

The initial step is introducing the ureteroscope into the ureteric orifice. The tip of the scope
can be passed under a ”safety” guidewire to facilitate entry. If this does not permit entry
then the scope should be rotated. Should this fail a second wire can be introduced and the
tip of the scope passed between the two wires. This is called “rail-roading” (figure 10). If this
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does not work then the next step is dilatation of the ureteric orifice and should that fail then
a JJ stent is placed. This results in dilation by loss of peristalsis. Interval ureteroscopy can
then be performed after approximately two weeks.

Figure 9. Use of a ureteric catheter (white tube) to facilitate entry into the left ureteric orifice in a man with a median
lobe of prostate and a high bladder neck.

A longer ureteroscope is needed in males due to the combination of the longer urethra, the
relatively immobile prostatic urethra and the better development of the Psoas muscle. The
latter factor can make it difficult to negotiate the ureteroscope beyond the iliac vessels. A
second wire can sometimes help straighten a tortuous ureter. However, excessive force
should be avoided because of the risk to the ureter (mucosal damage, perforation) and to the
ureteroscope because of shear forces.

Figure 10. View from a ureteroscope as it is being inserted into the left ureteric orifice between two guidewires (rail‐
roading)

Modern Upper Urinary Tract Endoscopy
http://dx.doi.org/10.5772/52750

371



3.2. Flexible ureteroscopy (AUA and EAU guidelines ref 14-15)

Most flexible ureteroscopy is preceded by a semi-rigid examination of the ureter. This
amongst other things dilates the ureteric orifice as well as allowing placement of a second
guidewire. This second wire usually straightens out the ureter. There are two schools of
thought on flexible ureteroscopic technique. One will introduce the flexible scope into the
urethra and either beside or loaded along the guidewire into the ureteric orifice. The other
will use a ureteric access sheath to allow repeated easy access to the ureter. A ureteric sheath
(figure) is placed over a stiff guidewire under screening to the lower or mid ureter depend‐
ing on the level at which the operator needs to work. The flexible ureteroscope is then
placed through the sheath directly into the ureter. Where repeated insertions/removals are
necessary, the access sheath reduces instrumentation time. The advantage of using the
sheath is that it may reduce the intra-renal pressure during prolonged stone procedures
hence minimising the risk of nephron loss.Once in the collecting system, the flexible uretero‐
scope can be manoeuvred to directly visualise all calyces. This is by a combination of torqu‐
ing (twisting) the scope itself and active and passive deflection. Visualisation of the calyces
is helped by retrograde contrast injection and radiological screening, thus outlining the
whole system.

3.3. Complications of ureteroscopy (specific to ureteroscopy)

Ureteroscopy is performed in the lithotomy position. This position increases the risk of DVT
and for this reason most endourologists use compression boots. The risk is small with mod‐
ern series reporting a risk of 0.2%. The other risk of positioning is damage to nerves such as
the common peroneal through inadequate padding. Thankfully the risk is very small and
the damage is usually temporary.

Ureteric complications range in severity from bleeding to complete avulsion. Bleeding is
usually self limiting and occurs following instrumentation. Its reported in 0-2.1 % of series
and usually does not prevent procedure completion. The majority will settle with an indwel‐
ling JJ stent/ ureteric catheter for at most two weeks. More significant ureteric damage re‐
sults in either a tear or perforation. A tear is defined as a breach in the urothelium. It is best
to move any stone away fro the tear into dilated ureter to prevent further damage. Again
they usually respond to a short period of stenting. Ureteric perforation occurs in one to five
percent of modern studies. The rate is decreasing due to increasing experience and (more
significantly) smaller calibre instruments.Stenting is the mainstay of management and it is
in this situation that the safety wire really helps. The stent can be placed over the safety wire
which has been pre-positioned into the renal pelvis. If the patient does not settle or develops
an infected urinoma then a percutaneous nephrostomy may have to be placed.It is excep‐
tional to require open repair of a perforation.

Ureteric intussusception (urothelium only, muscle in place) and avulsion are the most se‐
vere forms of ureteric injury. Both are due to overly aggressive attempts to remove stone
fragments or to forcing a ureteroscope through a narrowed ureteric segment. The golden
rule is to stop and re-evaluate. In the case of a ureter which will not accept a scope then the
narrowed are can be dilated under radiological screening or a JJ stent can be left for a period

Endoscopy372

of four weeks. The stent causes ureteric dilation and ureteroscopy can usually be completed
at the time of stent removal. In the situation where a stone laden basket will not negotiate a
narrowed area then it should be gently moved back up to dilated ureter and opened. This
will release some fragments and permit a further attempt at removal. If this fails it means
that the fragments are too large and further laser lithotripsy is warranted. If the basket will
not open then it can be disassembled and laser lithotripsy performed to the fragments with‐
in the basket.If either avulsion or intussusception is suspected then an immediate retrograde
examination is performed. If the renal collecting system is not outlined with contrast then
the diagnosis is confirmed. Drainage of the collecting system is mandatatory and this is usu‐
ally with a percutaneous nephrostomy. Open surgery is required and the technique used
will depend on the site and extent of injury.

4. Upper tract stones

4.1. Introduction

Between 1200 and 1400 per 100,000 people will develop urinary stones each year with a
male:female ratio of 3:1.The majority of stones are composed of calcium oxalate, often mixed
with calcium phosphate, in both adults and children. The acute presentation is usually un‐
mistakable with the classical history of loin to groin colicky pain. Evaluation with non-con‐
trast CT is advisable for diagnosis. The immediate management usually involves analgesia
and treatment of any infection present, and then determining definitive management [14].
Stones smaller than 5 mm will generally pass, but larger stones often require urological in‐
tervention [16]. For the purpose of this chapter, the management of upper urinary tract
stones will be explored and outlined with the emphasis being on endourological manage‐
ment.

4.2. Management

The options available for the management of upper urinary tract stones include observation,
Extra-Corporeal Shock wave Lithotripsy (ESWL), Ureteroscopy, Percutaneous Nephro-lith‐
otomy (PCNL),laparoscopy and rarely open surgical removal. The appropriate modality for
each individual patient will depend on the interaction between stone (size, location, appear‐
ance of the stone on imaging, composition),anatomical abnormalities, the presence of infec‐
tion and concomitant co-morbidities which may affect the decision regarding appropriate
anaesthetic time.There also is an increasing trend toward intervention because of technologi‐
cal improvements and a growing dissatisfaction with the overall success rates with extracor‐
poreal shock wave lithotripsy [17].

Most stones less than 5mm in size will pass spontaneously.European Association of Urology
guidelines state that active stone removal is recommended for renal stones >6-7mm in size
[14]. However, those of less than 6mm in size, if symptomatic, can be considered for treat‐
ment [14-15].
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3.2. Flexible ureteroscopy (AUA and EAU guidelines ref 14-15)

Most flexible ureteroscopy is preceded by a semi-rigid examination of the ureter. This
amongst other things dilates the ureteric orifice as well as allowing placement of a second
guidewire. This second wire usually straightens out the ureter. There are two schools of
thought on flexible ureteroscopic technique. One will introduce the flexible scope into the
urethra and either beside or loaded along the guidewire into the ureteric orifice. The other
will use a ureteric access sheath to allow repeated easy access to the ureter. A ureteric sheath
(figure) is placed over a stiff guidewire under screening to the lower or mid ureter depend‐
ing on the level at which the operator needs to work. The flexible ureteroscope is then
placed through the sheath directly into the ureter. Where repeated insertions/removals are
necessary, the access sheath reduces instrumentation time. The advantage of using the
sheath is that it may reduce the intra-renal pressure during prolonged stone procedures
hence minimising the risk of nephron loss.Once in the collecting system, the flexible uretero‐
scope can be manoeuvred to directly visualise all calyces. This is by a combination of torqu‐
ing (twisting) the scope itself and active and passive deflection. Visualisation of the calyces
is helped by retrograde contrast injection and radiological screening, thus outlining the
whole system.

3.3. Complications of ureteroscopy (specific to ureteroscopy)

Ureteroscopy is performed in the lithotomy position. This position increases the risk of DVT
and for this reason most endourologists use compression boots. The risk is small with mod‐
ern series reporting a risk of 0.2%. The other risk of positioning is damage to nerves such as
the common peroneal through inadequate padding. Thankfully the risk is very small and
the damage is usually temporary.

Ureteric complications range in severity from bleeding to complete avulsion. Bleeding is
usually self limiting and occurs following instrumentation. Its reported in 0-2.1 % of series
and usually does not prevent procedure completion. The majority will settle with an indwel‐
ling JJ stent/ ureteric catheter for at most two weeks. More significant ureteric damage re‐
sults in either a tear or perforation. A tear is defined as a breach in the urothelium. It is best
to move any stone away fro the tear into dilated ureter to prevent further damage. Again
they usually respond to a short period of stenting. Ureteric perforation occurs in one to five
percent of modern studies. The rate is decreasing due to increasing experience and (more
significantly) smaller calibre instruments.Stenting is the mainstay of management and it is
in this situation that the safety wire really helps. The stent can be placed over the safety wire
which has been pre-positioned into the renal pelvis. If the patient does not settle or develops
an infected urinoma then a percutaneous nephrostomy may have to be placed.It is excep‐
tional to require open repair of a perforation.

Ureteric intussusception (urothelium only, muscle in place) and avulsion are the most se‐
vere forms of ureteric injury. Both are due to overly aggressive attempts to remove stone
fragments or to forcing a ureteroscope through a narrowed ureteric segment. The golden
rule is to stop and re-evaluate. In the case of a ureter which will not accept a scope then the
narrowed are can be dilated under radiological screening or a JJ stent can be left for a period
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of four weeks. The stent causes ureteric dilation and ureteroscopy can usually be completed
at the time of stent removal. In the situation where a stone laden basket will not negotiate a
narrowed area then it should be gently moved back up to dilated ureter and opened. This
will release some fragments and permit a further attempt at removal. If this fails it means
that the fragments are too large and further laser lithotripsy is warranted. If the basket will
not open then it can be disassembled and laser lithotripsy performed to the fragments with‐
in the basket.If either avulsion or intussusception is suspected then an immediate retrograde
examination is performed. If the renal collecting system is not outlined with contrast then
the diagnosis is confirmed. Drainage of the collecting system is mandatatory and this is usu‐
ally with a percutaneous nephrostomy. Open surgery is required and the technique used
will depend on the site and extent of injury.

4. Upper tract stones

4.1. Introduction

Between 1200 and 1400 per 100,000 people will develop urinary stones each year with a
male:female ratio of 3:1.The majority of stones are composed of calcium oxalate, often mixed
with calcium phosphate, in both adults and children. The acute presentation is usually un‐
mistakable with the classical history of loin to groin colicky pain. Evaluation with non-con‐
trast CT is advisable for diagnosis. The immediate management usually involves analgesia
and treatment of any infection present, and then determining definitive management [14].
Stones smaller than 5 mm will generally pass, but larger stones often require urological in‐
tervention [16]. For the purpose of this chapter, the management of upper urinary tract
stones will be explored and outlined with the emphasis being on endourological manage‐
ment.

4.2. Management

The options available for the management of upper urinary tract stones include observation,
Extra-Corporeal Shock wave Lithotripsy (ESWL), Ureteroscopy, Percutaneous Nephro-lith‐
otomy (PCNL),laparoscopy and rarely open surgical removal. The appropriate modality for
each individual patient will depend on the interaction between stone (size, location, appear‐
ance of the stone on imaging, composition),anatomical abnormalities, the presence of infec‐
tion and concomitant co-morbidities which may affect the decision regarding appropriate
anaesthetic time.There also is an increasing trend toward intervention because of technologi‐
cal improvements and a growing dissatisfaction with the overall success rates with extracor‐
poreal shock wave lithotripsy [17].

Most stones less than 5mm in size will pass spontaneously.European Association of Urology
guidelines state that active stone removal is recommended for renal stones >6-7mm in size
[14]. However, those of less than 6mm in size, if symptomatic, can be considered for treat‐
ment [14-15].
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4.2.1. Non invasive treatment of upper tract stones

ESWL is entirely non invasive, and it uses super sonic waves to fragment stones into small
pieces that can be easily passed. Shortly after its introduction in 1983, it became widely ac‐
cepted as the first line treatment modality for the majority of stones and rapidly replaced
invasive surgical options. ESWL is effective for most renal stones less than 2 cm in size and
ureteric stones less than 1 cm in size [18].In patients with normal anatomy, and with non
lower pole renal stones < 20mm in size, ESWL is recommended as first line treatment. Lower
pole stones have a higher failure rate with ESWL and so other treatment modalities should
be sought ( see below). In one study which compared stone free rates of ureteral stones of
variable sizes and locations which were treated by ureteroscopy or extra-corporeal shock
wave lithotripsy, ESWL was associated with a success rate of 64% ( up to two treatments), as
compared to 96% for ureteroscopy in a single treatment [17].

It is important to highlight that certain stone composition such as cystine or phosphate
stones may be resistant to fragmentation.There are also multiple other contra indications to
the use of ESWL which include pregnancy, bleeding diatheses, severe obesity, anatomical
obstruction distal to the stone.

4.2.2. Invasive treatment of upper tract stones

Larger stones, particularly those composed of cystine or struvite, can be approached via es‐
tablishing percutaneous access to the collecting system through a small flank incision. This
would allow direct visualization and intra-corporeal lithotripsy for stone disruption, and re‐
moval of fragments known collectively as Percutaneous nephrolithotomy (PCNL).

PCNL has high success rates of around 90% however there are risks onvolved, and major
intra-operative or post operative complication rates are often reported as 0.03% to 10% [19].
However, ureteroscopy is fast becoming the main form of treatment for upper urinary tract
stone management and this is what will be discussed for the purpose of this chapter.

4.2.3. Selecting the treatment for a patient with stone management

Intra-renal calculi

Different stone sizes respond better to different therapies and success rates are variable for
the size of stone. The European Urological Association recommends the following manage‐
ment plan for kidney stones in the renal pelvis or upper/middle calyx, categorised according
to size:

Flexible ureteroscopy is used less as a first line treatment for stones > 1.5cm in size. However
with ongoing improvements in newer generation flexible ureteroscopes, there is an increas‐
ing trend toward ureteroscopy and laser lithotripsy for intr-renal calculi of all sizes and
compositions. In the available literature, there are very few reported studies on the use of
semi rigid ureteroscopy to treat renal stones. A prospective analysis performed by Bryniar‐
ski and co-workers assessed the safety of PNCL and retrograde intrarenal surgery use semi
rigid ureteroscopy for the management of renal stones of >2cm in size. Although stone free
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rates were superior in the PCNL group, the semi rigid ureteroscopy provides advantages for
operating times, haemoglobin loss, post-operative visual analogue scoring by patients and
reduced hospital stay [20]. The situation is slightly more complex in lower pole stones as the
following table shows.

Stones <1cm in size Stones 1-2cm in size Stones >2cm in size

ESWL ESWL or endourology Endourology (PCNL / flexible

ureteroscopy)

Flexible ureteroscopy ESWL

PCNL Laparoscopy

Table 1. European Association of Urology (EAU) recommendations for the treatment of Renal stones.

Treatment for renal calculi in the inferior calyx is also very dependent on size:

Stones <1cm in size Stones 1-2cm in size Stones >2cm in size

ESWL Favourable factors for ESWL? Endourology ( PCNL or

ureteroscopy)

Flexible ureteroscopy No -> Endourology

PCNL Yes -> ESWL or endourology

Table 2. EAU recommendations for the treatment of Lower pole stones.

Ureteric Calculi

The management of ureteric calculi is also dependent on the size of the stone involved. The
table below outlines the European Urological Association guidelines for Stone management
dependent on size of stone:

Location Stone size 1st choice 2nd choice

Proximal ureter <10mm

>10mm

ESWL

Ureteroscopy (retrograde or

antegrade) or ESWL

Ureteroscopy

Ureteroscopy (retrograde or

antegrade) or ESWL

Distal ureter <10mm

>10mm

Ureteroscopy or ESWL

Ureteroscopy

Ureteroscopy or ESWL

ESWL

Table 3. EAU recommendations for the treatment of Ureteric stones

The outcomes of ureteroscopy

The European Association of Urology and the American Urological Association guidelines
Panel have published stone free rates for different treatment modalities within their nephro‐
lithiasis guidelines.In a cohort comparison group (early 1980s vs 1992) the success of ure‐
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4.2.1. Non invasive treatment of upper tract stones

ESWL is entirely non invasive, and it uses super sonic waves to fragment stones into small
pieces that can be easily passed. Shortly after its introduction in 1983, it became widely ac‐
cepted as the first line treatment modality for the majority of stones and rapidly replaced
invasive surgical options. ESWL is effective for most renal stones less than 2 cm in size and
ureteric stones less than 1 cm in size [18].In patients with normal anatomy, and with non
lower pole renal stones < 20mm in size, ESWL is recommended as first line treatment. Lower
pole stones have a higher failure rate with ESWL and so other treatment modalities should
be sought ( see below). In one study which compared stone free rates of ureteral stones of
variable sizes and locations which were treated by ureteroscopy or extra-corporeal shock
wave lithotripsy, ESWL was associated with a success rate of 64% ( up to two treatments), as
compared to 96% for ureteroscopy in a single treatment [17].

It is important to highlight that certain stone composition such as cystine or phosphate
stones may be resistant to fragmentation.There are also multiple other contra indications to
the use of ESWL which include pregnancy, bleeding diatheses, severe obesity, anatomical
obstruction distal to the stone.

4.2.2. Invasive treatment of upper tract stones

Larger stones, particularly those composed of cystine or struvite, can be approached via es‐
tablishing percutaneous access to the collecting system through a small flank incision. This
would allow direct visualization and intra-corporeal lithotripsy for stone disruption, and re‐
moval of fragments known collectively as Percutaneous nephrolithotomy (PCNL).

PCNL has high success rates of around 90% however there are risks onvolved, and major
intra-operative or post operative complication rates are often reported as 0.03% to 10% [19].
However, ureteroscopy is fast becoming the main form of treatment for upper urinary tract
stone management and this is what will be discussed for the purpose of this chapter.

4.2.3. Selecting the treatment for a patient with stone management

Intra-renal calculi

Different stone sizes respond better to different therapies and success rates are variable for
the size of stone. The European Urological Association recommends the following manage‐
ment plan for kidney stones in the renal pelvis or upper/middle calyx, categorised according
to size:

Flexible ureteroscopy is used less as a first line treatment for stones > 1.5cm in size. However
with ongoing improvements in newer generation flexible ureteroscopes, there is an increas‐
ing trend toward ureteroscopy and laser lithotripsy for intr-renal calculi of all sizes and
compositions. In the available literature, there are very few reported studies on the use of
semi rigid ureteroscopy to treat renal stones. A prospective analysis performed by Bryniar‐
ski and co-workers assessed the safety of PNCL and retrograde intrarenal surgery use semi
rigid ureteroscopy for the management of renal stones of >2cm in size. Although stone free
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rates were superior in the PCNL group, the semi rigid ureteroscopy provides advantages for
operating times, haemoglobin loss, post-operative visual analogue scoring by patients and
reduced hospital stay [20]. The situation is slightly more complex in lower pole stones as the
following table shows.

Stones <1cm in size Stones 1-2cm in size Stones >2cm in size

ESWL ESWL or endourology Endourology (PCNL / flexible

ureteroscopy)

Flexible ureteroscopy ESWL

PCNL Laparoscopy

Table 1. European Association of Urology (EAU) recommendations for the treatment of Renal stones.

Treatment for renal calculi in the inferior calyx is also very dependent on size:

Stones <1cm in size Stones 1-2cm in size Stones >2cm in size

ESWL Favourable factors for ESWL? Endourology ( PCNL or

ureteroscopy)

Flexible ureteroscopy No -> Endourology

PCNL Yes -> ESWL or endourology

Table 2. EAU recommendations for the treatment of Lower pole stones.

Ureteric Calculi

The management of ureteric calculi is also dependent on the size of the stone involved. The
table below outlines the European Urological Association guidelines for Stone management
dependent on size of stone:

Location Stone size 1st choice 2nd choice

Proximal ureter <10mm

>10mm

ESWL

Ureteroscopy (retrograde or

antegrade) or ESWL

Ureteroscopy

Ureteroscopy (retrograde or

antegrade) or ESWL

Distal ureter <10mm

>10mm

Ureteroscopy or ESWL

Ureteroscopy

Ureteroscopy or ESWL

ESWL

Table 3. EAU recommendations for the treatment of Ureteric stones

The outcomes of ureteroscopy

The European Association of Urology and the American Urological Association guidelines
Panel have published stone free rates for different treatment modalities within their nephro‐
lithiasis guidelines.In a cohort comparison group (early 1980s vs 1992) the success of ure‐
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teroscopic procedures rose from 86% to 96%. In addition, they observed an overall decrease
in complications (20% to 12%) in ureteroscopy and 6.6% to 1.5% in ureteroscopic laser litho‐
tripsy [21]. Partly, this was thought to be due to greater surgeon experience and that this is
significantly correlated to higher success and lower complication rates in ureteroscopic laser
lithotripsy with holmium laser [21].

Renal Calculi

The success rates (stone free or insignificant fragments) reported with PCNL are greater
than 90% for renal stones >2cm. However, major complications during or after PCNL occur
at reported rates of 0.03 % to 10% [22]. The success rates of retrograde intra-renal surgery
have been reported as 75-95% for intra-renal stones >2cm after the first or second treatment,
whereas the major or minor complications vary from 1.5 % to 12% [23].This is less frequent
than rates in PCNL procedures. Major complications in ureteroscopy such as ureteric perfo‐
ration or avulsion are extremely rare.

Ureteric Calculi

One study of a two year experience, highlighted that the success rates following ESWL were
heavily influenced by stone size.The overall stone free success rate was 74.7% with one ses‐
sion. However, as the size of the stone increased, the success rate reduced. For stones <1cm
the success ratewas 83.6%and when the stone size > 1cm the success rate reduced to 42.1%.
The stone free rates also varied according to the site of the stone - 72.4% (proximal), 70%
(mid ureter), and 82% (distal) after a single session [14-15].

In ureteroscopy, an overall stone –free rate of 87.8% was obtained irrespective of the size of
the stone (88.9% for <1cm and 86.6% for >1cm). The success rates did slightly vary in relation
to the stone site. The stone-free rates were 75% (proximal), 94.6% (mid ureter) and 84.6%
(distal) [24].

The American Urological Association recent 2012 guidelines have published stone free rates
for Shock Wave lithotripsy and ureteroscopy for the treatment of ureteric calculi and these
are outlined in the tables below:

Proximal ureter:

Treatment Overall Stone size < 10mm Stone size >10mm

ESWL 82% 90% 68%

Ureteroscopy overall

Flexible ureteroscopy

81%

89%

80%

84%

79%

Table 4. Proximal Ureter; stone clearance comparison between Ureteroscopy and ESWL.

Mid Ureter:

The reduced success for stone free rates using ESWL in the mid ureter is likely explained by
the anatomical changes at this site. The mid-ureter is closely related to the transverse proc‐
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esses of the lumbar verterbrae and focus of the lithotripsy beam is more difficult due to the
anatomical relationships to the spine.

Treatment Overall Stone size < 10mm Stone size >10mm

ESWL 73% 84% 76%

Ureteroscopy overall

Flexible ureteroscopy

86%

88%

91%

Not documented

78%

Not documented

Table 5. Mid Ureter; stone clearance comparison between Ureteroscopy and ESWL.

The reduced success for stone free rates using ESWL in the mid ureter is likely explained by
the anatomical changes at this site. The mid-ureter is closely related to the transverse proc‐
esses of the lumbar verterbrae and focus of the lithotripsy beam is more difficult due to the
anatomical relationships to the spine.

Distal ureter:

Treatment Overall Stone size < 10mm Stone size >10mm

ESWL 74% 86% 74%

Ureteroscopy overall

Rigid ureteroscopy

94%

94%

97%

98%

93%

94%

Table 6. Distal Ureter; stone clearance comparison between Ureteroscopy and ESWL.

The use of holmium laser lithotripsy via ureteroscopy is safe and effective in urinary stone
management, particularly for larger calculi. It is associated with success rates of more than
90% and with complication rates as low as 10%.

In a study which described 300 procedures of ureteric stone lithotripsy with holmium la‐
ser,  there was an overall  complication rate of 10%. Their overall  success rates were 90%
and after the first episode, 86% were stone free [21]. In another series of 598 patients, the
overall complication rate was 4%, with an overall the success rate of 97% and 94% after
the first episode [25].

5. Upper tract Transitional Cell Carcinoma (TCC) / malignancy

Upper tract TCC accounts for approximately 10% of all renal tumors and 5% of all urothelial
tumors. It is found to be more common in Caucasian, occurs more often in the sixth to sev‐
enth decade of life [26]. Worryingly there is evidence to suggest that the incidence of upper
tract TCC is increasing [27]. The presentation is usually with haematuria and approximately
30% will have “ureteric colic” secondary to blood clot [28]. They occur more commonly in
people with a history of bladder cancer.
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CT Urography is the standard diagnostic tool. However non-visualisation of lesions has
been reported in 20% of renal pelvis and 40% of ureteric tumors. Ureteroscopy (semi-rigid
or flexible) has been used to improve this accuracy as well as provide histological confirma‐
tion (figure 11). Williams et al have shown that ureteroscopic biopsy accurately predicts fi‐
nal histology at Nephro-ureterectomy in 75% of cases and further increases accuracy when
combined with exfoliative cytology (brushing the lesion with a brush passed endoscopical‐
ly) [29]. Ureteroscopic technique is as outlined before with the exception of use of a safety
wire. While a wire is used, it should be placed in the ureter under direct ureteroscopic vi‐
sion. This is because wire related urothelial trauma can mimic TCC and such trauma does
make cytological analysis more difficult.

Figure 11. Bigopty ®(Cook Medical) forceps removing a superficial TCC from the ureter.

Radical nephroureterectomy with an ipsi-lateral bladder cuff is still the gold standard treat‐
ment for upper tract TCC. Endourological management was initially introduced for those in
whom such radical procedure was not possible or who would have required dialysis post
operatively. However, the indications for endourological management increased with in‐
creased experience [30]. Now endourological management can be considered as potentially
curative for all bar those with high-grade or bulky lesions [31].

Because the indications for endoscopic management of upper tract TCC have expanded so
rapidly it is difficult to evaluate its efficacy. Potential markers of success are the subsequent
recurrence rate and the need for Nephro-ureterectomy.For tumors of the renal pelvis the re‐
currence rate is quite stable at 40%. This is not that dissimilar to bladder recurrences follow‐
ing endoscopic treatment of bladder TCC.However when looking at recurrences following
treatment of ureteric tumors the rates have increased from 14 up to 25% with a correspond‐
ing rise in rates of nephro-ureterectomy from 4 up to 14%. It is unclear whether this reflects
poor technique or the increasing expansion in use of ureteoscopy for upper tract TCC. As
alluded to above the best tumors are those of low grade, solitary and small with a papillary
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appearance with negative cytology [32]. From the point of view of laser choice the Holmium
is best for resection and Neodymium YAG is best for fulgaration.

6. Ureteric stricture / Pelvi-Ureteric Junction (PUJ) obstruction

PUJ obstruction is a functional blockage to antegrade flow of urine to the bladder from the
upper tract due to a narrowing at the PUJ. Its classically treated by an open (or laterally lap‐
aroscopic) procedure by the name of Pyeloplasty. Retrograde endopyelotomy is a minimally
invasive option.This is performed using a large calibre rigid ureterorenoresectoscope or us‐
ing a Holmium laser. The laser procedure is more common and usually linked with subse‐
quent balloon dilatation of the incised area. The incision is made laterally at the PUJ to
minimise vascular injury. The incision is deepened until peri-ureteric fat is seen. Balloon di‐
latation up to 24 F is then performed and a special stent inserted (Tapered with greater di‐
ameter at the top end) for six weeks. Longterm success rates of up to 77% have been
reported. Failure usually requires either open or laparoscopic pyeloplasty. A split function
of less than 20% and redundant renal pelvis are factors predictive of failure.

Ureteric strictures can also be treated with laser incision. For distal strictures the success
rates are of the order of 75% with an average follow-up of 3 years. Failures tend to occur
early [33]. Similar results are reported for mid-ureteric and proximal ureteric strictures. The
technique for ureteroscopic surgery is again incision to peri-ureteric fat but also includes in‐
cision into normal tissue either side of the stricture.

An alternative form of endo-urological stricture management is to use a combined balloon
dilator and Monopolar electrode. Identification of the stricture is radiological as once the
balloon is inflated with contrast, the stricture will be identified as an indentation on the bal‐
loon ie “waisting”. As the procedure is not visualised an adequate incision is identified as
contrast extravasation.

7. The future

There are now production models of video ureterorenoscopes. Their advantage is that they
are smaller, more manoeuvrable with a better picture and fluid flow rate. These instruments
use distal chip technology where the incoming light energy impacts on a digital chip. This
energy transfer results in a charge which is transmitted along a single fibre to a processor
which converts it into a usuable image.The better visual image is primarily due to less trans‐
mission loss. Energy (light) loss in fibreoptic ureteroscopes is multi-factorial but involves
cladding damage, damage to the fibre-optic bundles, light lead / connection damage and
camera head. It is primarily in the treatment of upper tract TCC where the improved imag‐
ing will be of most use. The increased magnification and resolution of the images together
with technology such as Narrow Band Imaging should expand the place of ureteroscopy in
the management of low grade upper tract TCC.

Modern Upper Urinary Tract Endoscopy
http://dx.doi.org/10.5772/52750

379



CT Urography is the standard diagnostic tool. However non-visualisation of lesions has
been reported in 20% of renal pelvis and 40% of ureteric tumors. Ureteroscopy (semi-rigid
or flexible) has been used to improve this accuracy as well as provide histological confirma‐
tion (figure 11). Williams et al have shown that ureteroscopic biopsy accurately predicts fi‐
nal histology at Nephro-ureterectomy in 75% of cases and further increases accuracy when
combined with exfoliative cytology (brushing the lesion with a brush passed endoscopical‐
ly) [29]. Ureteroscopic technique is as outlined before with the exception of use of a safety
wire. While a wire is used, it should be placed in the ureter under direct ureteroscopic vi‐
sion. This is because wire related urothelial trauma can mimic TCC and such trauma does
make cytological analysis more difficult.

Figure 11. Bigopty ®(Cook Medical) forceps removing a superficial TCC from the ureter.

Radical nephroureterectomy with an ipsi-lateral bladder cuff is still the gold standard treat‐
ment for upper tract TCC. Endourological management was initially introduced for those in
whom such radical procedure was not possible or who would have required dialysis post
operatively. However, the indications for endourological management increased with in‐
creased experience [30]. Now endourological management can be considered as potentially
curative for all bar those with high-grade or bulky lesions [31].

Because the indications for endoscopic management of upper tract TCC have expanded so
rapidly it is difficult to evaluate its efficacy. Potential markers of success are the subsequent
recurrence rate and the need for Nephro-ureterectomy.For tumors of the renal pelvis the re‐
currence rate is quite stable at 40%. This is not that dissimilar to bladder recurrences follow‐
ing endoscopic treatment of bladder TCC.However when looking at recurrences following
treatment of ureteric tumors the rates have increased from 14 up to 25% with a correspond‐
ing rise in rates of nephro-ureterectomy from 4 up to 14%. It is unclear whether this reflects
poor technique or the increasing expansion in use of ureteoscopy for upper tract TCC. As
alluded to above the best tumors are those of low grade, solitary and small with a papillary

Endoscopy378

appearance with negative cytology [32]. From the point of view of laser choice the Holmium
is best for resection and Neodymium YAG is best for fulgaration.

6. Ureteric stricture / Pelvi-Ureteric Junction (PUJ) obstruction

PUJ obstruction is a functional blockage to antegrade flow of urine to the bladder from the
upper tract due to a narrowing at the PUJ. Its classically treated by an open (or laterally lap‐
aroscopic) procedure by the name of Pyeloplasty. Retrograde endopyelotomy is a minimally
invasive option.This is performed using a large calibre rigid ureterorenoresectoscope or us‐
ing a Holmium laser. The laser procedure is more common and usually linked with subse‐
quent balloon dilatation of the incised area. The incision is made laterally at the PUJ to
minimise vascular injury. The incision is deepened until peri-ureteric fat is seen. Balloon di‐
latation up to 24 F is then performed and a special stent inserted (Tapered with greater di‐
ameter at the top end) for six weeks. Longterm success rates of up to 77% have been
reported. Failure usually requires either open or laparoscopic pyeloplasty. A split function
of less than 20% and redundant renal pelvis are factors predictive of failure.

Ureteric strictures can also be treated with laser incision. For distal strictures the success
rates are of the order of 75% with an average follow-up of 3 years. Failures tend to occur
early [33]. Similar results are reported for mid-ureteric and proximal ureteric strictures. The
technique for ureteroscopic surgery is again incision to peri-ureteric fat but also includes in‐
cision into normal tissue either side of the stricture.

An alternative form of endo-urological stricture management is to use a combined balloon
dilator and Monopolar electrode. Identification of the stricture is radiological as once the
balloon is inflated with contrast, the stricture will be identified as an indentation on the bal‐
loon ie “waisting”. As the procedure is not visualised an adequate incision is identified as
contrast extravasation.

7. The future

There are now production models of video ureterorenoscopes. Their advantage is that they
are smaller, more manoeuvrable with a better picture and fluid flow rate. These instruments
use distal chip technology where the incoming light energy impacts on a digital chip. This
energy transfer results in a charge which is transmitted along a single fibre to a processor
which converts it into a usuable image.The better visual image is primarily due to less trans‐
mission loss. Energy (light) loss in fibreoptic ureteroscopes is multi-factorial but involves
cladding damage, damage to the fibre-optic bundles, light lead / connection damage and
camera head. It is primarily in the treatment of upper tract TCC where the improved imag‐
ing will be of most use. The increased magnification and resolution of the images together
with technology such as Narrow Band Imaging should expand the place of ureteroscopy in
the management of low grade upper tract TCC.

Modern Upper Urinary Tract Endoscopy
http://dx.doi.org/10.5772/52750

379



8. Conclusion

The use of endo-urological techniques in day to day urological practice is increasing. This is
fuelled by many factors but amongst them is better technology, a greater number of trained
individuals and a desire to improve patient experience while maintaining outcomes. The fu‐
ture will be even better as better image definition becomes more readily available as video-
ureteroscopes become more durable.
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8. Conclusion
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Endoscopy has had a major impact in the development of modern medicine and 
other medical specialties. The field of endoscopic procedure has developed over the 

last decade. By using different data it provided a better understanding of pathogenic 
mechanisms, described new entities and used for early detection, diagnostic 

procedures and therapeutic procedures. The advantages of many technical advances 
and modern endoscopic equipments, endoscopy has had a developed spectacularly. 

Consequently, endoscopy has surpassed its function as an examination tool 
and it became a rapid and efficient therapeutic tool of various organs including 

gastrointestinal tract, head and neck, respiratory tract and others. The efficacy and 
usefulness of endoscopy has yet been established.

Photo by zilli / iStock

ISBN 978-953-51-1071-2

Endoscopy

ISBN 978-953-51-7136-2


	Endoscopy
	Contents
	Preface
	Section 1
General Aspects
	Chapter 1
Endoscopy and Histopathology
	Chapter 2
Cleaning, Disinfection and Sterilization of Heat-Sensitive Endoscopes
	Chapter 3
Anesthetic Management for Laparoscopic Cholecystectomy
	Chapter 4
Adhesion Prevention Strategies in Laparoscopic Surgery

	Section 2
Head and Neck
	Chapter 5
Narrow Band Imaging (NBI) — Endoscopic Method for Detection of Head and Neck Cancer
	Chapter 6
Therapeutic and Diagnostic Approaches in Rhinology and Allergy
	Chapter 7
Role of Endoscopic Sinus Surgery in Pediatric Acute Complicated Sinusitis
	Chapter 8
Endoscopy - An Advancement in Sinus and Skull Base Surgery

	Section 3
Respiratory Tract
	Chapter 9
Endoscopy of Larynx and Trachea with Rigid Laryngo- Tracheoscopes Under Superimposed High-Frequency Jet Ventilation (SHFJV)
	Chapter 10
Bronchology – A Well Branched Tree
	Chapter 11
Diagnostic and Therapeutic Approaches in Respiratory Endoscopy

	Section 4
Miscellaneous
	Chapter 12
Innovative Uses and Emerging Technologies in Endoscopy
	Chapter 13
The Use of Endoscopic Ultrasound-Guided Fine Needle Aspiration (EUS-FNA) in Cytopathology Diagnosis
	Chapter 14
Endoscopy in Pregnant Patients
	Chapter 15
Endoscopy in Pregnancy
	Chapter 16
Modern Upper Urinary Tract Endoscopy


