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Preface

Esophageal Surgery - Current Principles and Advances is a collection of chapters
concerning technology innovation in medical practice. It covers a wide range of
applications of esophageal surgery in fields of medicine such as radiology, gastro-
enterology and surgery.

This book is written for healthcare professionals wishing to understand the principles
and applications of new technology in esophageal surgery. The material is accessible
to anyone, regardless of technical skills. It is suitable as a textbook for undergraduate
and postgraduate clinical training. I hope that other experts will be encouraged to
contribute to this work through their own experiences. I would like to thank the
authors who shared their intellectual and practical expertise and experiences. I

also want to thank the staff at IntechOpen, especially Ms. Marica Novakovic and

Ms. Jelena Germuth, for their assistance, competence and patience, without which
the publication of this book would not have been possible.

I would like to thank my muse, Barbara, for her support every day.

“Culture is the name for what people are interested in, their thoughts, their models,
the books they read and the speeches they hear”
- Waller Lippmann

Andrea Sanna

Department of General Surgery,
Saint Mary of Angels Hospital,
Adria, Italy

Aulss 5 Polesana,
Rovigo, Italy
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Chapter1

Introductory Chapter: Esophageal
Cancer — Current Practice

Enrico Piva and Andrea Sanna

1. Introduction

Esophageal cancer as a part of upper GI cancers represents the VI leading cause of
death for cancer worldwide. The overall 5-year survival rate is from 15 to 25% [1].

Histology of esophageal cancers are various; however, the two major histological
subtypes are squamous cell carcinoma (SCC) and adenocarcinoma (AC). Differences
in epidemiological distribution of these two major subtypes are observed in eastern
and western countries: In east Asia and eastern and southern Africa, SCC has higher
prevalence; differently from western countries where prevalence of AC is higher, it is
continuously increasing [2, 3].

Esophageal cancer’s treatments depend on stage at diagnosis and go from endo-
scopic resections to conversion surgery for metastatic disease.

Multidisciplinary approach and tailored surgery after multimodal treatment have
strongly become current standard for esophageal cancer and RO intended esophagec-
tomy and continue to play a central role, despite high morbidity and mortality related
to these procedures [4].

Effectiveness and oncological adequacy of minimally invasive surgical strategies
strengthened their role in multimodal treatment.

2. Early stage and endoscopic resection

Endoscopic resection (ER) for esophageal cancer has become a standard for both
AC and SCC confined within lamina propria (< stage IB) and with low propensity of
lymph node metastasis. Nevertheless, in AC data for esophageal cancer lymph node
metastasis propensity showed less consistency [5].

A recent study found that for AC lesion >30 mm propensity for submucosal inva-
sion and lymph node invasion was higher and was defined as relative indication for
ER, together with the submucosal layer invasion <200 pm. Endoscopic experience,
epidemiology of early cancers in east Asia, and precise and accurate studies in eastern
countries lead eastern surgeons to expand indications for ER with good oncological
outcomes.

Japan Clinical Oncology Group (JCOG) reported a trial 0508 results for ER
followed by CRT in patients with SCC staged Ic and they concluded that their strategy
was an adequate and effective alternative for RO esophagectomy in these patients [6].
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3. Squamous cell carcinoma treatment strategy

Treatment strategies for SCC, because of its lower propensity of hematogenous
metastasization and serosa spreading attitude, have developed differently from AC
ones, according to evidences.

National Comprehensive Cancer Network (NCCN) Guideline, European Society
for Medical Oncology Clinical practice guidelines, and Japanese guidelines consider
standard for Esophageal cancer staged cT1-2 NOMO upfront surgery subordinately
for the assessment of adequacy of the patient to elective major surgery. In patients
unfit for surgery or not willing to undergo major surgery, definitive CRT should be
recommended [7-9].

Treatment for locally advanced resectable SCC has strongly become multimodal
and in western country CROSS trial stated a milestone for esophageal cancer treat-
ment. Other scheme for neoadjuvant CT-CRT and adjuvant strategies have been
investigated and entered in current practice [9-15].

SCC differently from AC has a specific radiosensitivity and often after neoadjuvant
CRT complete pathological response (CPR) has been reported (ypTONO). The preSANO
trial was a prospective multicenter diagnostic cohort study, which aims to establish the
accuracy of detection of residual diseases after neoadjuvant CRT. The study showed that
endoscopic ultrasonography, bite-on-bite biopsies, and fine needle aspiration (FNA) of
lymph nodes were adequate techniques to detect locoregional residue disease together
with PET CT for distant metastases. Based on this evidences, a phase III trial (SANO trial)
is trying to propose definitive CRT for locally advanced esophageal SCC in patient with
complete clinical response (CCR), and this will lead to new approaches for patients unfit
for surgery and question the indication for major resection in fit patients as well [16-18].

In patients affected by initially unresectable SCC, conversion surgery has entered
in current practice [18].

Resectability of an extended locally advanced disease or oligometastatic disease
after neoadjuvant strategy has shown good overall survival (OS) and disease-free
survival (DFS) in many different solid tumors’ surgery. Although in colorectal
surgery conversion therapy is commonly performed, significance of this approach for
esophageal cancer is still under debate and lack of strong evidences [19, 20].

4. Adenocarcinoma treatment strategy

Adenocarcinoma is the prevalent histology in western countries and experiences
differ with eastern ones [21].

Often adenocarcinomas concern to esophagus gastric junction EGJ and localiza-
tion that slightly differs from thoracic and cervical location because of their different
propensity of lymph node metastasization in abdominal district. Siewert classifica-
tion differentiates type I above Z 2 cm above Z line, type II within 2 cm above Z line
and 3 cm below it, and type III below 3 cm of Z line. Studies showed that Siewert III
lymph node metastasization was more similar to gastric cancer than what Siewert I
and II were [22, 23].

These evidences reflect on current multimodal strategy in which CRT plays a
central role as in SCC did, but for distal EGJ] AD perioperative CT strategy similar to
gastric cancer gave marvelous results [10-12, 24-26].

In surgical strategies, these evidences in lymph node metastasis attitude and tropism
for peritoneal spreading reflect in needing for mandatory preoperative laparoscopy for
peritoneal assessment and accurate abdominal lymphadenectomy strategy.
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5. Technique: focus on minimally invasive surgery

Minimally invasive esophagectomy (MIE) has slowly become standard in current
practice after evidences about its safety and oncological adequacy.

Two randomized controlled trial were conducted about MIE. The TIME trial
compared MIE versus open esophagectomy (OE) in patients affected by ¢T1-3, NO-1,
MO esophageal cancer evaluating pulmonary complication surgery related, quality
of life (QOL), and hospital length of stay (LOS) [27]. Results showed lower ratio for
pulmonary complication in MIE arm and better outcomes in terms of LOS and QOL.
3-year follow-up showed no differences in DFS or OS for OS vs. MIE [28].

The other randomized controlled trial was MIRO trial, which investigated
transthoracic open procedure versus hybrid minimally invasive procedure (hMIE—
laparoscopy and thoracotomy) in patients who underwent subtotal Ivor-Lewis
esophagectomy. Complications according to Clavien Dindo grade II or higher were
assessed [29]. No differences in survival secondary outcomes and in complications
rate between the two groups were assessed.

Currently, a phase III trial compares MIE and OE in ongoing [30].

Another MIE approach described is mediastinoscopy-assisted trans hiatal
esophagectomy (MATHE), procedure that avoids single lung ventilation and seems to
decrease pulmonary post-operative complications [31].

Robot-assisted surgery is a current practice in surgical oncology worldwide and
robot-assisted MIE (RAMIE) has become a standard.

ROBOT trial is the only single-center randomized controlled trial comparing OE
and RAMIE with primary endpoint overall complication rate (Clavien Dindo II or
Higher). The overall complication rate resulted to be lower in patients underwent
RAMIE procedure than OE [32]. RAMIE cost effectiveness is still in debate.
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Chapter?2

Scope of Real Time Fluorescence
Imaging in Esophagectomy

Subramanyeshwar Rao Thammineedi, Srijan Shukla,
Nusrath Syed, Ajesh Raj Saksena, Sujit Chyau Patnaik
and Pratap Reddy Ramalingam

Abstract

Esophagectomy is a challenging surgery that is known to be associated with high
rates of morbidity. Anastomotic leaks, pneumonia, conduit necrosis and chyle leaks
are the commonly reported complications. Perfusion assessment and tissue injec-
tion based fluorescence guided surgery (FGS) are the newer clinical applications of
fluorescent dyes. With the advent and integration of real time fluorescence imaging
with the existing minimal access platforms, the esophageal surgeon can employ these
techniques to potentially improve outcomes. During thoracic dissection, thoracic
duct lymphography, fluorescence guided airway visualization, tracheal perfusion
assessment and sentinel lymph node biopsy/dissection are the reported clinical
applications. In the abdominal dissection, gastroepiploic arcade identification,
gastric conduit perfusion assessment and proximal esophagus perfusion assessment
have been described. Using the different routes of administration, the same dye can
be used for different uses at separate points in a single esophagectomy surgery. The
principles and evidence pertaining to these applications have been outlined.

Keywords: esophagectomy, indocyanine green, ICG, fluorescence imaging, near
infrared, thoracic duct, gastric conduit

1. Introduction

Real time fluorescence imaging with indocyanine green (ICG) is a promising tech-
nology with a potential to resolve many challenges during esophagectomy including
the assessment of gastric conduit vascularity, ICG-guided navigation surgery for an
adequate lymphadenectomy, detection of sentinel nodes in early stage cancer, defin-
ing trachea and bronchial tree and in delineating thoracic duct anatomy and iden-
tification of chyle leaks during and after surgery [1]. It is also useful in identifying
and safeguarding gastroepiploic arcade vital for gastric conduit creation, especially
in obese patients where arcade detection could be challenging. This article provides
an overview of the principles of fluorescence imaging, types of fluorescence dyes,
indications of fluorescence-guided surgery (FGS) and summarizes the utility of FGS
in relation to esophageal surgery.
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2. Near-infrared fluorescence- the physics

Intraoperative fluorescence utilizes the property of specific molecules which
absorb light at a particular wavelength and emit light at a longer wavelength [2].
When stimulated by an external light source, these molecules are excited, and the
emission occurs at a longer wavelength in the near-infrared range (NIR) (650-

900 nm). The emitted light is captured using a camera equipped with specialized
filters, and the visualization of the fluorescence signal is relayed to an external display
providing real-time in vivo imaging.

The light emitted in the NIR spectrum cannot be seen by human eyes. The NIR
fluorescent cameras selectively capture it. Also, NIR fluorescence has the advantages
of low background autofluorescence from blood components (hemoglobin and water)
and an excellent signal-to-background ratio, providing clear fluorescence visuals.

3. Fluorescent dyes- the chemistry

Fluorescein, 5-amino levulinic acid, indocyanine green (ICG), and methylene blue
are fluorescent dyes used for in vivo fluorescent imaging. Indocyanine green, small
diameter water soluble tricarbocyanine dye, exhibits fluorescence when activated by
NIR light within the wavelength of 760 to 780 nm delivered by a near-infrared optical
system. On excitation, ICG emits a fluorescence emission between 800 and 850 nm,
which the NIR device captures [3]. The depth of tissue visualization varies between
0.5 and 1 cm. When injected intravenously, ICG is tightly bound to the plasma
proteins and remains within the intravascular compartment. This property is help-
ful for angiography assessment of the gastric conduit or tissue perfusion. It rapidly
washes out with a short half-life of 150-180 seconds. When injected submucosal or
intranodal, ICG is distributed through the lymphatic system. ICG concentrates in
the liver and is excreted through the biliary system, which helps delineate the bili-
ary system for fluorescence cholangiography. ICG is relatively safe with a low risk of
adverse effects at a dose of 0.1 mg to 0.5 mg/mL/kg for human use [4]. Methylene
blue (MB) is a thiazine dye and has also shown to have fluorescent properties. It has
an excitation peak of approximately 700 nm with less tissue penetration but more
background tissue autofluorescence. It can be administered orally, subcutaneously, or
intravenously. MB is excreted through the kidneys and is contraindicated in patients
with renal insufficiency [5].

4. Routes of administration- the biology

The versatility of fluorescent dyes has opened up many interesting clinical applica-
tions. The route of administration of the dye determines the drainage pathway of the
dye. The resultant highlighted structures can help the surgeon make the intended
surgical decisions (Table 1). The most commonly used route is the intravenous
injection wherein the perfusion of the organ under interest has to be studied. ICG
has been successfully studied in assessment of perfusion of anastomotic segments of
colon, rectum and esophagus [6]. Because the predominant excretion of ICG happens
via the biliary tract, delayed fluorescence imaging performed upto 15 hours after
injection allows for cholangiography [7]. When ICG is injected directly into tissues, it
gets drained by nearby lymphatic channels to the regional lymph node. This concept

10



Scope of Real Time Fluorescence Imaging in Esophagectomy
DOI: http://dx.doi.org/10.5772/intechopen.107267

Route of Intended use Clinical application
administration
Intravenous Perfusion assessment Gastric conduit perfusion

(esophagectomy), Flap perfusion
(reconstructive surgery, Colon perfusion

(Colectomy)

Intravenous Biliary drainage Cholangiography

Peritumoral Lymph node mapping Sentinel lymph node biopsy (Breast
carcinoma, endometrial carcinoma)

Groin nodal injection Lymphography Chyle leak localization, Thoracic duct
mapping

Aerosol inhalation/ Airway fluorescence To be studied

nebulisation

Table 1.
Various routes of administration of fluovescence dyes and their clinical applications.

is utilized in sentinel lymph node biopsy (SLNB). Peritumoral ICG injection has been
found to be a suitable alternative to other dyes in breast and endometrial carcinoma
[8, 9]. Lymphatic system of retroperitoneum and thoracic duct can be imaged via
ICG injection in groin lymph node. This has opened up a new avenue to visualize and
manage thoracic duct and chyle leaks [10, 11]. Fluorescein aerosolization has been
attempted and fluorescence confirmed on thoracoscopy [12]. Further studies are
required to explore the administration of fluorescent dyes via airway.

5. Technology integration

Recent advances in esophagectomy include wide acceptance of minimal access sur-
gery (MAS) approaches. MAS reduced the major morbidity associated with esopha-
gectomy with equivalent oncological outcomes. With MAS came the advantages of
magnification and better identification of surgical anatomy. To improve upon the pre-
vious iterations of camera systems, newer cameras have integrated fluorescence imag-
ing capabilities. The first generation fluorescence integrated cameras required the
surgeon to switch off white light and the fluorescent structure would get highlighted
in a background of darkness. Second generation fluorescence integrated cameras
overcame this by adding artificial intelligence to overlay the fluorescent structure over
a well-lit background. This enabled interruption free instrumentation and accurate
dissection. Portable handheld cameras with integrated fluorescence capabilities are
also available now for open surgeries. With these modern adjuncts in the armamen-
tarium, an esophageal surgeon stands at an advantage of having real time information
pertaining to various critical steps of an otherwise complex procedure.

The technology has been increasingly utilized for real-time surgical decision-mak-
ing. Various commercially available equipment for open, laparoscopic, and robotic
platforms simultaneously provides high-definition fluorescence and white light
images on the same screen. These systems have built-in NIR filters, a camera, and a
visual processor for capturing high-definition fluorescent images. The fluorescence
and white light modes can be conveniently toggled by clicking a button or using a foot

pedal switch (Table 2) [5].
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Open procedures Thoracoscopy/Laparoscopy Robotic platforms
* PDE- Neo II * Karl Storz IMAGE 1 S™/ IMAGE 1 * Da Vinci Surgical
S™ Rubina Systems with

* Quest Spectrum Firefl
. irefly
« Stryker PINPOINT with SPY-PHI Quest Spectrum

e Stryker 1688 AIM

Table 2.
Commercially available integrated fluorescence imaging platforms.

6. Challenges in esophagectomy

Esophagectomy is a complex surgery requiring the surgeon to master both techni-
cal and cognitive skills. MAS approaches have their own learning curves and learning
curve associated complications have also been reported [13, 14]. The major challenges
for a team managing esophagectomy patients include prevention and management
of these postoperative complications. Pneumonia, anastomotic leaks, chylothorax,
conduit necrosis are the most often reported complications [15]. Patients who experi-
ence major complications tend to have poorer overall survival as well [15]. Predictive
factors for anastomotic leaks have been studied and apart from the medical comor-
bidities of the patient, technique of surgery has also been found to be a significant
risk factor [16]. It is generally accepted that ensuring and improving adequate blood
supply affects leak rates in esophageal anastomoses [17]. Visual assessment of gastric
conduit perfusion is considered inadequate [18]. Fluorescence perfusion assessment
offers opportunity to study real time blood supply to the anastomotic segments.

During thoracic dissection in esophagectomy, thoracic duct is a difficult struc-
ture to appreciate under white light. As radiation therapy before surgery is being
increasingly used for locally advanced tumors, the tissue planes can get fused making
identification of thoracic duct even harder. Chylothorax can be very debilitating and
may increase length of stay and mortality rates [19]. Fluorescence lymphography is
being explored for accurate intraoperative identification of thoracic duct [11, 20].
Newer morphological patterns of thoracic duct previously not described are also
being reported [20].

7. Thoracic duct lymphangiography

Chylothorax after thoracic surgeries is an infrequent postoperative complication.
Incidence of chylothorax ranges from 1.4% after transthoracic esophageal resection
to 2.4% after transhiatal esophagectomy [21]. Thoracic duct injury is a serious com-
plication after chest surgery and major neck dissections that significantly increases
hospital stay, with high in-hospital mortality [22-25]. Chyle leak carries high morbid-
ity up to 38% and mortality as high as 25% [26].

The non-visualization of the thoracic duct with its proximity to the esophagus
makes it prone to iatrogenic injury during surgery, leading to chylothorax. The
diagnosis is considered in the presence of excessive pleural output and established
by biochemical and physical characteristics of the fluid. Intraoperative identifica-
tion of the thoracic duct can be difficult, especially during reoperation. Because
traditional conservative treatment of thoracic duct injury has a high failure rate,
intraoperative image guidance is essential for proper surgical management. Presently,
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lymphoscintigraphy and lymphangiography are available in preoperative setting to
diagnose and recognize the site of thoracic duct injury; however, these procedures
cannot accurately guide the surgeon during surgery [27, 28]. Oral administration of
heavy cream before surgery is sometimes performed to visualize chyle leak [29].

Real time fluorescence imaging with ICG has the potential to solve all these issues.
Thoracic duct NIR fluorescence imaging with ICG has been reported earlier for the
recognition of site of chyle leak after esophageal and other thoracic surgeries in form
of case reports [11, 30]. Using subcutaneous ICG injection at the inguinal area, Chang
etal. identified and ligated chyle leak site through re-sternotomy in a 3-month-old
infant with congenital heart disease who had refractory postoperative chylothorax
despite multiple line of managements [31]. Kaburagi et al. performed successful
mass ligation of thoracic duct at the level of the diaphragmatic crura following ICG
injection in mesentery in a case of post esophagectomy chyle leak [32].

Vecchiato et al. reported their experience of minimally invasive esophagectomy
with ICG injection in inguinal lymph nodes in 19 patients. The thoracic duct was
identified in all patients after a mean of 52.7 minutes from injection time [11]. The
protocol followed at the author’ surgical unit is as follows. After induction of anes-
thesia, ICG is injected in groin node with ultrasound guidance. ICG is available as
25 mg powder (Aurogreen; Aurolabs, Madurai, India), which is reconstituted in 10 ml
of sterile distilled water. One ml of the solution contains 2.5 mg of ICG. One ml is
injected via ultrasound guidance in a groin node, one each on both sides. Generally,
the node appears as an oval structure in ultrasound with central echoic and peripheral
hypoechoic architecture. A successful administration is noted by tumescence of the
node with loss of central hyperechoic architecture. Real time fluorescence lymphogra-
phy is utilized at the time of thoracic dissection (Figure 1). Thoracic duct is visualized
and safeguarded in all cases of esophagectomy, unless directly involved by the tumor
(Figure 2) [1].

Figure 1.

Comparison of thoracic duct visualization without and with real time fluorescence lymphography. (A) White
light thoracoscopy with esophagus retracted towards surgeon to stretch mesoesophagus to allow for visualization of
thoracic duct. (B) Real time fluovescence lymphography turned on, thovacic duct along its course is highlighted.

Figure 2.
Real time fluorescence lymphography depicting thovacic duct involvement by lower third esophageal carcinoma
under different modes. (A) Overlay mode. (B) Color segmented fluorescence (CSF) mode.
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8. Fluorescence nebulization for airway visualization

In locally advanced upper and mid thoracic esophageal cancers, the posterior
plane of dissection is limited by the membranous trachea. Bulky subcarinal and hilar
lymph nodes can also pose difficulty in dissection over posterior surface of right and
left bronchi. The fear of injuring the tracheobronchial membrane makes this part of
thoracic dissection in esophagectomy an extremely challenging task. Fluorescence
guided airway visualization could be an adjunct in this regard.

Thoracic surgeons have utilized ICG for determining the intersegmental plane in
lung segmentectomies [33]. While intravenous ICG injection was studied initially,
subsequently endobronchial injection has also been successfully attempted [34]. The
authors have applied the same principle by performing nebulization of ICG for early
visualization and accurate dissection of posterior membrane of trachea and bronchus
in difficult tumors. Using the overlay mode of the NIR camera, esophagus and the
lymph nodes can be safely separated from the highlighted membranous trachea and
bronchus. Figure 3 illustrates this technique. Fluorescence nebulization is being
tested as a prospective study to standardize the application and evaluate the safety
and potential advantages.

Figure 3.

Flforescence nebulization and airway visualization. (A) Middle third esophageal tumor (ESO) with contiguous
bulky subcarinal lymph node (VII). Right main bronchus (RMB) is dissected away. Left main bronchus (LMB)
remains to be dissected, posterior surface is starting to come into view and is highlighted via fluorescence.

(B) Subcarinal lymphadenectomy and ventral dissection of esophagus over LMB is complete.

9. Sentinel nodal mapping and guided lymphadenectomy

Real time fluorescence imaging can be used for lymphatic mapping in esopha-
geal cancer to better delineate the lymphatic pathways and to aid nodal dissection.
Yuasa et al. determined the feasibility of sentinel lymph node (SLN) detection
using intraoperative ICG fluorescence imaging navigated by preoperative computed
tomographic lymphography (CTLG) in 20 superficial esophageal cancer patients.
Preoperative CTLG localized the number and site of SLNs during computed tomog-
raphy. Further, SLNs were identified intraoperatively, resulting in successful SLN
navigation [35]. Schlottmann et al. and Hachey et al. demonstrated the feasibility
of sentinel nodal mapping in patients with esophagogastric junction and mid third
esophageal malignancies [36, 37]. Schlottmann et al. identified the pattern of nodal
drainage by submucosal injection of 2.5 mg ICG via endoscopy in 4 peritumoral
quadrants 15-20 minutes before surgery. Left gastric nodes were the first lymph node
station to exhibit fluorescence in 8 out of 9 cases. Hachey et al. utilized ICG: human
serum albumin (ICG: HSA) to better delineate nodes with near infrared indocyanine
green (NIR-ICG). In order to improve fluorescence-guided sentinel lymph node
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biopsy, Kim et al., in an animal model, used a novel macrophage-targeting ICG bound
to human serum albumin (ICG:MSA). This ICG:MSA compound when injected via
endoscopy into esophageal tissue has provided promising results in sentinel lymph
node detection in a porcine model [38].

10. Gastric conduit perfusion assessment

One of the most feared complications post esophagectomy is anastomotic leak
(AL), occurring in 10-30% of patients [39]. While fashioning the gastric conduit,
both left gastric and short gastric vessels are usually divided. The conduit solely relies
on the right gastroepiploic artery for its blood supply. Inadequate perfusion at the tip
of the gastric conduit is one of the most critical factors contributing to anastomotic
leak. Conventional assessment techniques of the perfusion and viability of gastric
conduit such as visual inspection of the gastric conduit color, warmth, pulsation of
the arcade and bleed from the cut edges are considered unreliable. Accurate assess-
ment of perfusion and selecting an appropriate anastomotic site are critical to reduce
AL [40]. As a means of evaluating blood flow, indocyanine green (ICG) fluorescence
angiography (FA) has recently been introduced to provide real-time assessment of the
anastomotic area during esophagectomy [18]. ICG can be used as a vascular contrast
agent for assessing perfusion of gastric conduit (Figure 4) [5].

A meta-analysis by Slooter et al. reported that ICG significantly decreases anas-
tomotic leaks and graft necrosis after esophagectomy (OR 0.30, 95% CI: 0.14-0.63).
The pooled change in management rate due to fluorescence angiography using ICG
was 24.55%. Change in management included excision of the poorly perfused area of
the gastric conduit and change in site of anastomosis. Despite the change in manage-
ment, the pooled incidence of anastomotic leak and graft necrosis was as high as
14.08% [41]. Another meta-analysis by Degett et al. reported similar anastomotic leak
rate (14%) in patients with esophageal anastomoses after intraoperative ICG fluores-
cence angiographic assessment [42].

Time to fluorescence is an important parameter which has been studied. The
data pertaining to this aspect of the fluorescence angiography is heterogenous.

Figure 4.
Real time fluorescence perfusion assessment of gastric conduit. (A-F) fluorescence perfusion assessed at various
time intervals after intravenous injection of indocyanine green (ICG) dye.

15



Esophageal Surgery - Current Principles and Advances

Ishige et al. studied different patterns of time to fluorescence intensity curves. They
found a “normal” pattern, characterized by a sharp high peak in fluorescence inten-
sity in gastric tubes followed by rapid decline to plateau level, prior to division of
perigastric vessels in 6 cases (30%). The other 14 cases showed a “gradual” pattern,
characterized by an obtuse and low arterial inflow peak and slow increase in fluores-
cence intensity over time. However, no anastomotic leak occurred in both groups [43].
Yukaya et al. described three types of curves, normal, outflow delayed and an inflow
delayed. Anastomotic leak occurred in 23.1% (3/13) in the normal type, 40% (2/5) in
the outflow delayed type and 44.4% (4/9) in the inflow delayed type, with no signifi-
cant difference among the three types [44]. Koyanagi et al. stratified patients into two
groups according to ICG fluorescence flow speed: a simultaneous group with identical
speed in gastric conduit wall and the greater curvature vessels, and a delayed group
where the ICG fluorescence was slower in the gastric conduit wall in comparison to
the greater curvature vessels. They calculated a threshold ICG flow speed of 1.76 cm/s
in the gastric conduit predicting anastomotic leak. None of the patients developed
anastomotic leak in the simultaneous group, while it occurred in 47% (7/15) patients
in the delayed group [45]. Kumagai et al. proposed a 90-second rule wherein all
anastomoses were to be reconstructed in the area that showed an enhancement within
90 seconds after initial enhancement at the root of the right gastroepiploic artery
[19]. The tip needed revision in 50% (35/70), and in 18 of those 35 patients, a change
in anastomotic site was needed. Anastomotic leak occured in 1 out of 70 cases (1.4%)
[46]. Slooter et al. reported that the time between ICG injection and enhancement

of tip was not significantly prolonged in patients with an anastomotic leak versus no
leak (63 vs. 45 seconds) (P = 0.066) and time to fluorescence from base of conduit to
the planned anastomosis was significantly increased in patients with a postoperative
anastomotic stricture (13 vs. 7 seconds [47].

Nakashima et al. described outcomes of fluorescence angiography assessment of
the pedicled omental flap performed to reinforce the esophagogastric anastomosis.
Poorly perfused omental tissue was excised on the demarcation line. Anastomotic
leak and stricture occurred in 1/38 (2.6%) and 2/38 (5.3%) patients respectively
[48]. The importance of proximal esophageal stump revision has been emphasized
by Thammineedi et al. where 5 out of 13 patients (38.46%) underwent revision of
proximal esophageal stump after ICG assessment [18]. Randomized controlled trials
are warranted to prove the exact benefit of ICG fluorescence angiography in reducing
anastomotic leaks and strictures in esophagectomy.

11. Future directions

Fluorescent dyes have been around for more than 40 years [3]. In the past decade
interest has grown especially after incorporation of fluorescence capable MAS
platforms. Most studies of fluorescence guided surgery have been single center expe-
riences. Multicenter trials with better study designs are needed. International col-
laborations between societies can lead to standardization of techniques and uniform
reporting of outcomes.
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Chapter 3

Upper Gastrointestinal Endoscopy
for Screening or Surveillance:
Complication Avoidance and a
Closer Look at the Esophagus

Jihwan Ko

Abstract

Upper gastrointestinal endoscopy is the most important test used to diagnose
esophageal disease. Proper insertion of the endoscope is essential for accurate
examination of the esophagus. However, due to coughing or the gag reflex, esopha-
geal examinations can be difficult. Further, when a central ridge is present in the
middle of the pyriform sinus, careful approach is necessary. Chromoendoscopy
of the esophagus includes acetic acid chromoendoscopy for Barrett’s esophagus
and lugol’s iodine chromoendoscopy for squamous cell carcinoma. In recent times,
electronic chromoendoscopy is widely used. In this chapter, diagnosis and treat-
ment of various esophageal diseases including esophagitis, Barrett’s esophagus,
adenocarcinoma, squamous cell carcinoma, diverticulum, inlet patch, hiatal hernia,
polyps, subepithelial lesions, and varix are discussed.

Keywords: gastrointestinal endoscope, cancer screening, esophageal disease,
esophageal cancer, diagnosis

1. Introduction

Upper gastrointestinal endoscopy is the most important test for the diagnosis of
esophageal disease. Accurate diagnosis is crucial for appropriate treatment of esophageal
diseases, including surgical intervention. With advancements in the surgical treat-
ment of esophageal diseases, the importance of upper gastrointestinal endoscopy has
been increasing. In this chapter, the endoscopic techniques used in the examination of
the esophagus are discussed.

2. Insertion technique

During endoscope insertion, the cough or gag reflex is induced and the movement
of the esophageal lumen increases, thereby making esophageal examination difficult.
Therefore, proper endoscope insertion is essential for accurate examination of the
esophagus.
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Figure 1.
Two types of pyriform sinus. (a) Left pyriform sinus without central vidge. (b) Left pyriform sinus with central
ridge.

The first obstacle encountered during endoscope insertion is the uvula. Access
to the pyriform sinus can be gained without difficulty if the endoscope is carefully
inserted to the right or left of the uvula, taking care not to make contact with the
centrally placed uvula. The second and most difficult part of endoscope insertion
is the insertion of the endoscope into the pyriform sinus. This part is sometimes
problematic for beginners, as well as for board-certified endoscopists. Upon reach-
ing the left pyriform sinus, a slight clockwise rotation of the scope with gentle
pressure is recommended for insertion in the left pyriform sinus [1]. This technique
is successful in most cases; however, in some patients with anatomical variations,
endoscopists experience severe resistance that may lead to bleeding or even perfora-
tion. Two types of pyriform sinus are shown in Figure 1. In Figure 1a, there is no
central ridge; thus, the clockwise rotation technique can be used. In contrast, in
Figure 1b, a central ridge is present in the left pyriform sinus, and the true lumen is
more medial than normal, but its path runs upward (i.e., medially). After travers-
ing the pyriform sinus, the path goes downward (i.e., laterally). Thus, performing
the clockwise rotation technique without checking for the central ridge can result
in severe pyriform sinus injury. Further, air insufflation is needed to determine the
presence of a central ridge.

3. Chromoendoscopy

Chromoendoscopy entails the application of a chemical substance to the mucosal
surface of the gastrointestinal tract to facilitate visualization and detection of dysplas-
tic and malignant lesions [2]. Since the recent introduction and adoption of virtual
chromoendoscopy methods such as narrow-band imaging (NBI), the importance of
dye-based chromoendoscopy in day-to-day clinical practice has been decreasing [3].
Nevertheless, chromoendoscopy remains important in many clinical conditions. In
this chapter, some chromoendoscopy methods still used in esophageal endoscopy will
be discussed.
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3.1 Acetic acid chromoendoscopy for Barrett’s esophagus (BE)

Acetic acid is a weak acid that breaks up the disulfide bridges of glycoproteins of the
mucus layer, resulting in protein denaturation and surface pattern enhancement [2]. BE
is a known risk factor of high-grade dysplasia (HGD) and esophageal adenocarcinoma
(EAC). Current nondysplastic BE surveillance guidelines recommend that random
four-quadrant biopsy specimens be taken every 1-2 cm to check for dysplasia [4]. Due to
the time-consuming and labor-intensive nature of the procedure, the American Society
for Gastrointestinal Endoscopy Technology Committee released the Preservation and
Incorporation of Valuable endoscopic Innovations (PIVI) criteria for nondysplastic BE
surveillance. These criteria help determine which advanced imaging technique with
targeted biopsy can replace the current surveillance guidelines for the detection of HGD
and EAC. The performance thresholds in the PIVI criteria are per-patient sensitiv-
ity >90%, negative predictive value >98%, and specificity >80% [1]. Based on these
criteria, only acetic acid chromoendoscopy, NBI, and confocal laser endomicroscopy
can replace the current guidelines [4]. However, the use of acetic acid chromoendoscopy
is on the decline due to the long procedural time, uneven distribution of dye over the
mucosa, and high interobserver variability due to lack of classification [5].

3.2 Lugol’s iodine chromoendoscopy

Lugol solution is an iodine-based solution used in the detection of dysplasia and
cancer in squamous epithelia. Since iodine binds to glycogen, which is abundant in
nonkeratinized squamous epithelium, and neoplastic tissues have low glycogen levels,
they are not stained by Lugol solution [2]. Lugol staining has long been regarded as
the gold standard for the detection and delineation of squamous cell carcinoma (SCC)
and squamous dysplasia [6]. However, Lugol solution can cause thyrotoxicosis in
patients with thyroid disease, iodine hypersensitivity, and retrosternal discomfort [2].
Regarding the avoidance of these side effects, several studies have compared Lugol’s
iodine chromoendoscopy and NBI. A recent meta-analysis revealed no significant dif-
ference in diagnostic sensitivity between the two methods (88% versus 92%); it also
revealed that NBI has a significantly higher specificity than Lugol’s iodine chromoen-
doscopy (88% versus 82%) [7]. Furthermore, several observational studies reported
no significant difference in complete resection rate between the two methods [8, 9].

4. Electronic chromoendoscopy

Electronic chromoendoscopy involves endoscopic imaging technologies that
provide detailed contrast enhancement of the mucosal surface and blood vessels in
the form of electronic signals that can be analyzed using various image-processing
techniques [10, 11]. There are various types of electronic chromoendoscopy, and they
include NBI, i-SCAN, and flexible spectral imaging color enhancement (FICE).

4.1NBI

NBI is an endoscopic optical image enhancement technology based on the pen-
etration properties of light. An NBI filter in front of a xenon arc lamp produces two
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narrow bands of light with wavelengths of 415 nm and 540 nm [10]. Capillaries in the
superficial mucosa are highlighted by the 415-nm-wavelength light band and appear
brown. The longer 540-nm-wavelength light band makes deeper-lying veins appear
blue-green [11]. Due to an abundance of blood vessels in the submucosal layer, a nor-
mal esophagus appears pale green on NBI [12]. Thus, lesions can be observed in great
detail as a result of the color contrast effect at the mucosa of the gastroesophageal
junction (GEJ) and in cases of early esophageal SCC (ESCC) [11].

4.2i-SCAN

i-SCAN (Pentax, Tokyo, Japan) is another postprocessing digital contrast tech-
nology that consists of three enhancement features: surface enhancement, which
sharpens the image; contrast enhancement, where darker (depressed) areas look
bluer; and tone enhancement, a form of digital narrowed-spectrum imaging [13].
It was reported in several studies that i-SCAN is superior to white-light endoscopy
(WLE) in the detection of reflux esophagitis and dysplasia in BE [14, 15]. However,
i-SCAN is a relatively recent technology compared with NBI, and further research is
still needed.

4.3FICE

The FICE system takes an ordinary endoscopic image of different parts of the
gastrointestinal mucosa from the video processor and arithmetically processes and
estimates it to produce an image of a given dedicated wavelength between 400 and
700 nm. Single-wavelength images are randomly selected and assigned the colors red,
green, and blue to build and display virtually enhanced color images [16]. A previous
study compared WLE and the FICE system for the diagnosis of BE, but additional
research is needed [17].

5. Artificial intelligence (AI)

In this section, understanding of the concepts of Al, machine learning (ML),
deep learning (DL), and convolutional neural network (CNN) is essential. Al is the
broadest term used in the description of machines that mimic human intelligence
[18]. ML is a subfield of AI, and DL is a subfield of ML. ML is divided into supervised
learning and unsupervised learning. In supervised learning, labeled datasets are used
to train algorithms to classify data or predict outcomes accurately. In contrast, in
unsupervised learning, unlabeled datasets are used to train algorithms [19]. In DL,
unsupervised learning and neural networks are used. CNN is a type of artificial neu-
ral network used in image recognition and processing that is specifically designed to
process pixel data [20]. Al is extensively used or studied with regard to the esophagus
and will be considered at the end of the discussion of each disease.

6. Esophagitis

Esophagitis refers to inflammation or injury to the esophageal mucosa [21].
The types of esophagitis based on etiology include reflux esophagitis, infectious
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esophagitis, exfoliative esophagitis, eosinophilic esophagitis (EoE), and pill-induced
esophagitis.

6.1 Reflux esophagitis

Gastroesophageal reflux disease (GERD) is a condition in which stomach contents
reflux into the esophagus or beyond (e.g., into the oral cavity, larynx, or lungs) caus-
ing troublesome symptoms and complications [22]. The extent of mucosal breaks due
to erosion or ulceration is the sole determinant of severity grade [23]. Grade A refers
to one or more mucosal breaks no longer than 5 mm that do not extend beyond two
mucosal folds. Grade B refers to one or more mucosal breaks more than 5 mm long
that do not extend beyond two mucosal folds. Grade C refers to one or more mucosal
breaks that extend beyond two or more mucosal folds but involve less than 75% of the
esophageal circumference. Grade D refers to one or more mucosal breaks that involve
at least 75% of the esophageal circumference. Currently, due to lack of interobserver
agreement, minimal changes are not included in the GERD Los Angeles (LA) clas-
sification [23]. Recently, a DL model that uses CNNs for automatic classification and
interpretation of routine GERD LA grades was proposed [24]. However, given that the
available data are limited, more studies are needed.

6.2 Candida esophagitis

Esophageal candidiasis is the most common type of infectious esophagitis [25].
Immunocompromised patients are most at risk, and the most common symptoms are
odynophagia, dysphagia, and retrosternal pain. Endoscopic examination is the best
approach to diagnosing esophageal candidiasis, and multiple white plaques adher-
ent to the mucosa are considered definitively diagnostic of the disease (Figure 2).
The most common treatment is systemic and oral administration of fluconazole, an
antifungal agent [25].

Figure 2.
Esophageal candidiasis.
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6.3 Viral esophagitis

The two most common causes of viral esophagitis are herpes simplex virus
(HSV) and cytomegalovirus (CMV). HSV esophagitis ulcers are circumscribed
ulcers with raised edges that are described as volcano-like ulcers [26]. CMV
esophagitis ulcers are well-demarcated vertical or horizontal linear shallow ulcers
that occur in the middle and distal portions of the esophagus [27]. It is sometimes
difficult to differentiate between HSV esophagitis and CMV esophagitis because
their endoscopic characteristics often overlap [28]. Recently, an ML model for
differentiating CMV esophagitis from HSV esophagitis was developed. It was
developed based on the analysis of 87 patients with HSV esophagitis and 63
patients with CMV esophagitis using 666 endoscopic images of HSV esophagitis
and 416 endoscopic images of CMV esophagitis. The sensitivity and specificity of
the model were 100% [28].

6.4 Sloughing (exfoliative) esophagitis

Sloughing esophagitis is characterized by superficial necrotic squamous
epithelium and endoscopic plaques or membranes (Figure 3) [29]. The symptoms
include dysphagia, odynophagia, nausea, vomiting, abdominal pain, heartburn,
chest pain, hematemesis, and obstructive symptoms secondary to the accumula-
tion of casts in the esophageal lumen [30]. The pathogenesis is thought to involve
exposure to drugs that cause esophageal damage or autoimmune conditions
accompanied by esophageal damage. Such drugs include dabigatran, nonsteroidal
anti-inflammatory drugs, bisphosphonates, and iron. The autoimmune conditions
include celiac disease, pemphigus vulgaris, bullous pemphigoid, and lupus [30].
Prognosis is usually favorable, and long-term complications are rare. Treatment
includes discontinuation of the offending agent and administration of proton-
pump inhibitors (PPIs). Steroids may be helpful when a patient has an autoimmune
condition [30].

Figure 3.
Sloughing esophagitis.
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Figure 4.
Eosinophilic esophagitis.

6.5EoE

EoE is a chronic immune-mediated inflammatory condition of the esophagus.
Its symptoms are mainly related to esophageal dysfunction and include vomiting,
dysphagia, and feeding difficulties. Diagnosis of EoE requires endoscopy with biopsy.
The endoscopic findings include furrows (i.e., vertical lines in the mucosa), concen-
tric rings, white plaques, edema, and stricture (Figure 4). The American College of
Gastroenterology (ACG) recommends a minimum of six biopsies. A finding of 15 or
more eosinophils per high-power field in the maximally affected area is required for
diagnosis [31]. The treatment options are PPIs, topical corticosteroids, and allergy
testing—directed elimination diet. A previous study presented a graphical representa-
tion of a suggested management algorithm [32].

6.6 Pill-induced esophagitis

Pill-induced esophagitis may present as erosions, kissing ulcers, and multiple
small areas of ulceration with bleeding mainly in the middle third of the esophagus
[33]. Treatment of pill-induced esophagitis consists of discontinuation of the offend-
ing drug and use of PPIs or sucralfate to hasten esophageal mucosal healing [34].

7.BE and early EAC

BE is a condition characterized by metaplasia of normal esophageal squamous epi-
thelium to specialized columnar epithelium with goblet cells [35]. The ACG guidelines
recommend considering BE when the length of the columnar mucosa is at least 1 cm.
When BE is suspected, at least eight random biopsy samples should be taken if the BE
segment length is <2 cm, and in patients with suspected long-segment BE, four biopsy
samples should be taken for every 2 cm of BE segment [36]. Based on the length of
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Figure 5.
Barrett’s esophagus. (a) WLE. (b) NBL

salmon-colored mucosa proximal to the GEJ, BE is classified into two groups: short-
segment BE and long-segment BE (Figure 5). Long-segment BE is defined as BE with seg-
ment length > 3 cm, and short-segment BE is defined as BE with segment length < 3 cm
[36]. Screening endoscopy is recommended for patients with chronic GERD symptoms
and three or more additional risk factors of BE (e.g., male gender, age > 50 years, white
race, tobacco smoking, obesity, and history of BE or EAC in a first-degree relative) [35]. If
screening endoscopy does not reveal dysplasia, surveillance endoscopy should be repeated
in 3-5 years. Further, a histological grade of “indefinite for dysplasia” should be confirmed
by a second pathologist with gastrointestinal expertise, PPI therapy should be initiated,
and endoscopic biopsy should be repeated within 6 months [35]. When the histologi-

cal grade is low-grade dysplasia (LGD), endoscopic mucosal resection or endoscopic
submucosal dissection of all visible lesions should be performed, followed by ablation

of the remaining BE segment (i.e., endoscopic eradication therapy [EET]) with the goal
of complete eradication of intestinal metaplasia (CEIM). Alternatively, surveillance can
be performed every 6 months for the first year and annually thereafter [36]. When the
histological grade is HGD or intramucosal carcinoma (T1a), EET with the goal of CEIM
should be performed. It is recommended to enroll patients with LGD or HGD for surveil-
lance and reflux control after CEIM is achieved [35]. Surveillance at 1 year after CEIM and
every 2 years thereafter is recommended for patients with LGD. Surveillance at 3, 6, and
12 months after CEIM and annually thereafter is recommended for patients with HGD or
intramucosal carcinoma [35]. Esophagectomy is typically recommended for patients with
EAC and submucosal invasion (T1b). Alternatively, EET can be considered for patients
with superficial submucosal invasion (sm1, to a depth < 500 pm) and low-risk features
such as negative deep margin, well-moderate differentiation, and absence of lympho-
vascular invasion [35]. Regarding neoplasia detection, the sensitivity and specificity of

Al are >90% and > 80%, respectively. Further, regarding neoplasia characterization, the
sensitivity and specificity of Al are 90% and 88%, respectively [37].

8.ESCC

ESCC is the most common type of esophageal cancer worldwide; it is especially
common in Asia and Africa (Figure 6) [38]. The risk factors for ESCC include
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Figure 6.
Esophageal squamous cell carcinoma. (a) WLE, (b) tone enhancement mode with i-scan.

long-standing exposure to tobacco and alcohol, achalasia, head and neck squamous
cell cancer, tylosis, history of lye ingestion, celiac sprue, and hot liquid ingestion [39].
In addition, the etiological role of human papilloma virus infection is under study [39].
Endoscopic screening should be considered in the presence of risk factors. Infiltration
depth prediction is important since it is primarily associated with lymph node metasta-
sis [40]. The Japan Esophageal Society uses a simplified classification of vessel irregu-
larities known as intrapapillary capillary loops (IPCLs) to predict infiltration depth.
Type A vessel refers to a normal or abnormal microvessel without severe irregularity,
that is, a microvessel with normal epithelium or inflammation and low-grade intraepi-
thelial neoplasia [41]. Abnormal microvessels with severe irregularity or highly dilated
abnormal vessels are classified as type B1, B2, or B3. Type Bl vessels have loop-like for-
mations and a predicted invasion depth of epithelium (EP) or lamina propria mucosae
(LMP). Type B2 vessels do not have loop-like formations, and their predicted invasion
depth is muscularis mucosae or submucosa (SM1). Type B3 vessels have highly dilated
vessels and a predicted invasion depth of the submucosa (SM2) or deeper [41]. ESD is
recommended for lesions with invasion depth of T1a-EP/T1a-LMP, noncircumferential
lesions, and circumferential lesions with lengths <5 cm. Furthermore, ESD can be
used to remove noncircumferential lesions with invasion depth of T1la-MM/T1b-SM1.
Surgery or chemoradiation should be considered when the invasion depth is T1a-EP/
T1a-LMP and lateral extension is circumferential with length > 5 cm. It should also

be considered when the invasion depth is T1a-MM/T1b-SM1 and lateral extension is
circumferential [39]. In a recent study by Everson et al., it was reported that the sensi-
tivity and specificity of Al using CNN for the classification of abnormal IPCL patterns
were 89.3% and 98%, respectively [42].

9. Esophageal diverticulum

Esophageal diverticula are a rare condition that causes dysphagia, regurgitation,
and chest pain [43]. They are classified into two: pulsion diverticula and traction
diverticula. Pulsion diverticula are associated with increased intraluminal pressure,
which causes herniation. Zenker’s diverticulum, which is a pulsion-type pharyn-
goesophageal pseudodiverticulum, is the most common type of esophageal diver-
ticulum (Figure 7) [44]. Surgery can be considered for the management of Zenker’s
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Figure7.
Zenker’s diverticulum.

diverticulum. However, the current first-line treatment involves cutting the entire
septum and creating a common cavity between the esophagus and the diverticulum
[45]. There are two methods of endoscopic septum division. The first is conventional
flexible endoscopic septum division, which entails full-thickness incision of the
mucosa, submucosa, and the muscular fibers to create a common cavity between the
esophagus and the diverticulum. The second is Zenker’s diverticulum per-oral endo-
scopic myotomy, which entails minimal mucosal incision to advance the endoscope
into the submucosal space of the septum. Complete septotomy is then performed, and
the mucosal incision site is securely closed with several endoclips [45].

10. Esophageal inlet patch

Esophageal inlet patches (IPs) are well-circumscribed areas of mucosa that are
salmon-pink in color, variable in size, and oval-round or even geographically shaped
(Figure 8) [46]. Most IPs are located just below the upper esophageal sphincter or in
the postcricoid region of the esophagus [46]. Since most IPs present with no symp-
toms and are located in the upper esophagus, where endoscopists tend to pass the

Figure 8.
Esophageal inlet patch. (a) WLE. (b) NBL
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endoscope quickly, it is difficult to identify and observe IPs in detail. However, since
adenocarcinomas sometimes arise in IPs, careful observation is necessary [47]. It is
recommended that WLE be used first when inserting the endoscope and NBI be used
to observe the esophagus up to the pyriform sinus when retracting the endoscope.

11. Esophageal stricture

Esophageal stricture is an abnormal narrowing of the esophageal lumen
(Figure 9). It can be benign or malignant. The etiology of benign esophageal
stricture includes corrosive substance ingestion, EoE, radiation injury, and drug-
induced esophagitis. Treatment includes mechanical or balloon dilation, esopha-
geal stents, or surgical management [48].

Figure 9.
Esophageal stricture: (a) with a bean stuck in the stricture; (b) after bean removal.

12. Esophageal hiatal hernia

Hiatal hernia is a condition in which the upper part of the stomach bulges through an
aperture in the diaphragm (Figure 10). There are four anatomical classifications of hia-
tal hernia: types 1, 2, 3, and 4. Type 1 or sliding hernias are associated with symmetrical

Figure 10.
Esophageal hiatal hernia: (a) sliding-type hiatal hernia; (b) paraesophageal hernia (mixed type).

33



Esophageal Surgery - Current Principles and Advances

ascent of the stomach through the diaphragmatic crus. A patient with type 1 hernia

who has reflux symptoms can first undergo PPI therapy with lifestyle modification. In
contrast, a patient with symptomatic paraesophageal hernia (types 2, 3, and 4) is at high
risk for obstruction, and surgery should be considered for such a patient [49].

13. Esophageal polyps
13.1 Esophageal squamous papilloma

Esophageal squamous papilloma is a wart-like exophytic mass located in the
middle to distal esophagus (Figure 11). Most papillomas are benign, small, and can
be easily removed during forceps biopsy. However, owing to the few reported cases
of carcinomatous transformation of these lesions, definite removal is necessary if a
papilloma bleeds, is unusually large, elicits foreign-body sensation, or shows atypical
changes on histological examination [50].

13.2 Sentinel polyp

Esophageal sentinel polyps (or sentinel folds) are inflammatory polyps at the
GE]J associated with recurrent GERD (Figure 12) [51]. Although sentinel polyps are
benign, biopsy is indicated if a lesion is discovered for the first time or if it changes in
size or shape.

13.3 Hyperplastic polyp
Hyperplastic polyps are uncommon lesions that most commonly occur at the GE]J

(Figure 13) [52]. There are no reported cases of malignant transformation of esopha-
geal hyperplastic polyps [52]. However, when the polyp size is larger than 10 mm, it is

Figure 11.
Esophageal squamous papilloma.
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Figure 12.
Sentinel polyp.

Figure 13.
Hyperplastic polyp at the GEJ.

difficult to determine if the polyp originated from the GEJ or from the gastric cardia;
in such cases, complete removal of the polyp should be considered [53].

14. Esophageal subepithelial lesions

Subepithelial lesions (SELs) of the gastrointestinal tract are tumors that originate
from the muscularis mucosa, submucosa, or muscularis propria [54]. The most com-
mon (70-80%) benign esophageal SEL is leiomyoma [55]. However, carcinoid tumors,
lymphomas, glomus tumors, and gastrointestinal stromal tumors (GISTs) are malig-
nant or have malignant potential and must be considered [56]. The 2022 European
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Society of Gastrointestinal Endoscopy (ESGE) guidelines do not recommend WLE or
advanced imaging techniques for the characterization of SEL subtypes. Furthermore,
the guidelines recommend endoscopic ultrasonography (EUS) as the best tool for the
characterization of features of SEL (e.g., size, location, originating layer, echogenicity,
shape), but EUS alone cannot distinguish between the types of SEL. Tissue diagnosis
is required for SELs with features suggestive of GIST, size >20 mm, high-risk stigmata,
or requirement of surgical resection or oncological treatment. The ESGE suggests
esophagogastroduodenoscopy (EGD) surveillance at 3-6 months if asymptomatic
SELs are found on EGD. EGD is recommended at intervals of 2-3 years for lesions

<10 mm and at intervals of 1-2 years for lesions 10-20 mm in size. For asymptomatic
unresected SELs >20 mm in size, the ESGE recommends surveillance with EGD plus
EUS at 6 months, and then at intervals of 6-12 months [54].

15. Esophageal varix on screening and surveillance

Esophageal varices are dilated submucosal veins of the distal esophagus that con-
nect the portal and systemic circulations (Figure 14) [57]. General rules for describ-
ing endoscopic findings of esophageal varix were proposed by the Japan Society for
Portal Hypertension [58]. The rules define six main categories: location (L), form
(F), color (C), red color (RC) signs, bleeding signs, and mucosal findings. Regarding
location, Ls, Lm, and Li stand for Locus superior, Locus medialis, and Locus inferior,
respectively. Regarding form, FO denotes no varicose appearance, F1 denotes straight
small-caliber varices, F2 denotes moderately enlarged and beady varices, and F3
denotes markedly enlarged, nodular, or tumor-shaped varices. Regarding color, Cw
denotes white varices, Cb denotes blue varices, CwTh denotes thrombosed white vari-
ces, and Cb-Th denotes thrombosed blue varices. Regarding RC signs, RWM denotes
red wale markings, CRS denotes cherry red spots, HCS denotes hematocystic spots,
and Te denotes telangiectasia. Nonselective beta-blockers (e.g., nadolol, propranolol,
carvedilol) should be considered if small (<5 mm) varices with RWM or medium/
large (>5 mm) varices are found on screening endoscopy [59].

Figure 14.
Esophageal varix.
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Chapter 4

Perspective Chapter: Update on
Achalasia Treatment

Gad Mavom, Ronit Brodie and Yoav Mintz

Abstract

Achalasia is a primary motility disorder of the esophagus characterized by failure of
relaxation of the lower esophageal sphincter (LES) and aperistalsis of the esophagus.
There are 3 types of achalasia, diagnosed and differentiated according to the Chicago
classification using high resolution manometry (HRM). The classic symptoms of
achalasia as described by the Eckardt score are dysphagia, retrosternal pain, regurgita-
tion and weight loss. This chapter will discuss the interesting evolution of achalasia in
the modern era, the ways to diagnose achalasia, different sub-groups within achalasia
patients population, treat it with either endoscopic or surgical manner, pre-operative
and post-operative considerations and routine follow-up.

Keywords: achalasia, Eckardt score, per-Oral endoscopic Myotomy, high resolution
manometry, Endo-FLIP

1. Introduction

Achalasia is a primary motility disorder of the esophagus characterized by failure
of relaxation of the lower esophageal sphincter (LES) and aperistalsis of the esopha-
gus. There are 3 types of achalasia, diagnosed and differentiated according to the
Chicago classification 4.0 using high resolution manometry (HRM) [1]. These types
are differentiated by the functionality of the esophageal motility and do not reflect
a progression of the disease from one to the other. The classic symptoms of achalasia
include progressive dysphagia, retrosternal pain, regurgitation or vomiting of undi-
gested food and weight loss [2].

Over the last few years, the incidence of achalasia has increased. Once thought to
be a rare disease with an incidence of 0.03-1.63 per 100,000 persons per year, a higher
incidence of 2.3-2.93 cases per 100,000 persons per year was recently reported [3, 4].
The upsurge in incidence may be attributed to the increased use of high-resolution
manometry (HRM). This test has become more sensitive and easier to interpret due
to better sensors and intuitive visualization of results. Additionally, the emergence of
Per-Oral Endoscopic Myotomy (POEM) has also largely contributed to the increased
of awareness of the disease.

The textbook presentation of patients with achalasia is outdated. Patients are
no longer appearing as malnourished or cachectic as classically described [5, 6].
Counterintuitively, in recent years, due to the variety of calorie-rich, high fat soft
and liquid foods, some achalasia patients have begun to present as overweight and
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even obese. These patients suffer from dysphagia and retrosternal pain but manage
their symptoms via dietary changes and constant eating due to lack of satiety, which
may further contribute to increased weight gain despite dysphagia. Additionally, the
complaints of chest pain are often mistakenly contributed to a reflux disease that is
more common among obese patients than achalasia, thereby delaying their diagnoses.
It is quite common to find achalasia patients treated with antacid medications such

as proton pump inhibitors, unsuccessfully, as the pathophysiology of achalasia is not
rooted in acid reflux but regurgitation of undigested food.

Young achalasia patients often are misdiagnosed as suffering from eating disor-
ders, specifically among adolescents and female gender [7, 8]. It is not uncommon for
patients to be admitted to inpatient care for eating disorder, further delaying time to
correct diagnosis.

Delays in treatment either due to delay in diagnosis, or secondary to fear of treat-
ment may significantly impact outcomes. Delaying treatment can aggravate symptoms,
exacerbate dysphagia and cause severe weight loss and secondary pulmonary complica-
tions such as recurrent pneumonias secondary to micro-aspirations. Untreated long-
standing achalasia may result in end-stage achalasia, expressed as sigmoid esophagus
on barium swallow studies and endoscopy. This entity limits the treatment options that
are available for other achalasia patients who are treated earlier in the disease process.
Another sequela from untreated achalasia is the increased risk for esophageal cancer.
This is thought to be caused by long-standing stasis of food, liquid and debris in the
esophagus resulting in bacterial overgrowth and subsequently squamous cell cancer [9].

2. Diagnosis and work up

The diagnosis of achalasia is determined based on findings from three studies:
high-resolution esophageal manometry, contrast enhanced swallow study (CESS),
and esophagogastroduodenoscopy (EGD) [10]. The clinical severity is determined
based on the Eckardt score scaling system.

2.1 Contrast enhanced swallow study (CESS)

A key portion of diagnosis includes the evaluation of the anatomical image of the
esophagus. Contrast enhanced swallow study, also known as barium swallow or upper
GI swallow, allows for the visualization of the esophagus and elimination of alterna-
tive diagnosis such as carcinoma, strictures or diverticula [11]. CESS is non-invasive,
widely available, and relatively inexpensive [12, 13]. As CESS has only 60% sensitiv-
ity for identifying achalasia [14], it cannot be solely relied upon for the diagnosis.
The classic sign of tapering of the esophagus at the distal end giving a “bird’s beak”
appearance at the esophagogastric junction is pathognomonic for a diagnosis of acha-
lasia (Figure 1A). Additional findings include dilation of the esophagus, retention
of barium in the esophagus and an air-fluid level. In long standing disease a sigmoid
shape esophagus may be evident. The absence of gastric air bubble is also suggestive
of achalasia. A torturous twisting appearance of the esophagus in a “corkscrew”
fashion (Figure 1B) may also be suggestive of esophageal dysmotility [15].

2.2 Esophagogastrodoudenoscopy (EGD)

EGD is important in the diagnosis of achalasia as it is necessary to rule out other
possible causes of dysphagia including gastroesophageal reflux, strictures due to
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Figure 1.

Contrast enhanced swallow study images that corvelate with achalasia. A: Pathognomonic appearance of bird’s
beak on CESS. B: Corkscrew esophagus from esophageal dysmotility.

Figure 2.

Endoscopic images of different endoscopic pathologies that can mimic achalasia symptoms. A: Esophageal
diverticula- on the left fluoroscopic image, on the right endoscopic image (green asterisk marks the diverticula). B:
Esophageal candidiasis.

erosive esophagitis, esophageal diverticula (Figure 2A), tumors and obtaining biop-
sies to rule out eosinophilic esophagitis. Careful attention should be made to the ease
of passage through the esophago-gastric junction (EG]J) into the stomach, any signs of
esophagitis or strictures, as well as a detailed retroflexion view to rule out any tumor.
Additional findings may include candidiasis infection (Figure 2B) as demonstrated
by white plaques on the esophageal walls, not uncommon in patients with achalasia,
most likely secondary to the change in pH due to food stasis [16].

2.3 High resolution manometry (HRM)

In order to understand the motility and function of the esophagus, the high-
resolution manometry in conjunction with the new Chicago Classification 4.0 has
allowed for better understanding, earlier diagnosis and improved classification of
esophageal motility disorders [1, 17]. The HRM is able to provide images detailing the
information regarding vigor of each swallow, peristalsis, relaxation and pressure of
the upper and lower esophageal sphincters, thereby improving diagnostic accuracy
[18]. Furthermore, the ability of testing to differentiate between the pressures of
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Figure 3.

High resolution manometry demonstrating diffevent types of achalasia (left to right)- all 3 types have mean IRP
pressure higher than the upper limit of normal. Type 1 with 100% failed peristalsis, type 2 with panesophageal
pressurization and type 3 with distal spastic contractions.

the lower esophageal sphincter and the diaphragmatic pressure, which with previ-
ous standard manometry was not as clearly differentiated, has been beneficial. The
identification of hiatal hernia versus increased esophageal pressure is one of the keys
to proper diagnosis and treatment.

HRM in which a catheter containing pressure sensors approximately 1 to 2 cm
apart is positioned from the hypopharynx to the stomach (via nasal introduction)
with the patient being asked to swallow mouthfuls of water at several intervals. The
sensors combined with computer analytic software can build an image of higher and
lower pressures, peristalsis and relaxation of the esophageal sphincters. The inclusion
of impedance which allows for the visualization of bolus clearance, also aides in the
differentiation of esophageal from oro-pharyngeal motility dysfunctions [19].

In achalasia findings on HRM will be dependent on what type of achalasia is
present, with all types demonstrating both aperistalsis and elevated Lower esophageal
sphincter residual pressures (>15). Determination of which type of achalasia will be
dependent on the remaining findings on HRM (Figure 3).

Hallmark findings according to the Chicago classification 4.0 for Type 1 achalasia
will demonstrate 100% failed peristalsis, while type 2 will demonstrate panesopha-
geal pressurization in 20% or more swallows, and type 3 will present with 20% or
more premature spastic appearing contractions.

2.4 Eckardt score

Eckardt score (Table 1) is a scoring panel used to assess the severity of achalasia
symptoms and is based on four major symptoms: dysphagia, regurgitation, chest
pain, and weight loss [10]. Symptoms of dysphagia in patients with achalasia are
usually described as progressing from solids and to liquids. Regurgitation, bringing
up undigested food following meals — even hours later, is also common. Retrosternal
chest pain is usually described as burning pressure often radiating to the upper back
and neck. Weight loss varies, according to the dietary changes made by each patient to
accommodate their symptoms.

To score, each symptom is given a value between 0 and 3 depending on its frequency
(Table1). It is important to note that while the Eckardt score is utilized for the deter-
mination of severity and for determining success of treatment, it holds limitations,
and the severity may not correlate with manometric or CESS findings. The occurrence
of concomitant obesity and achalasia has been previously reported, and as the obesity
endemic grows, the possibility of achalasia in obese patients presenting with dysphagia
should not be discounted [20]. As such, determination of severity based on the Eckardt
scale may not accurately reflect certain populations with achalasia.
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Weight loss (kg) Dysphagia Retrosternal pain Regurgitation
0 None None None None
1 <5 Occasional Occasional Occasional
2 5to10 Daily Daily Daily
3 >10 Each Meal Each Meal Each Meal

Table 1.

Eckardt scove: Each symptom is given a value between o and 3 depending on frequency while weight loss is scored
based on how many kilogram in weight have been lost. A summary of this scove is done and a total between o0 and
12 is given.

2.5 EndoFLIP™"

Functional luminal imaging probe (FLIP) quantifies the relationship between
luminal geometry and pressure when assessing the esophageal wall and area around
the lower esophageal sphincter (LES) at the esophago-gastric junction (EGJ).
EndoFLIP™ (Medtronic Inc., Minneapolis, Minn, USA) provides information on
both distensibility and lumen diameter of the esophagus. The technology consists of
a multielectrode probe and proprietary software that measures the dynamic geo-
metrical changes of the EGJ and esophageal body. It uses high-resolution impedance
planimetry during volume-controlled distension of the probe once it passes the EG]J.
Specifically, EndoFLIP analyzes the relationship between luminal cross-sectional area
(CSA) and pressure, providing a measurement of the luminal distensibility (CSA/
pressure) [21, 22]. The EndoFLIP can be used intraoperatively to assess treatment
results following completion of myotomy (Figure 4). As opposed to HRM which
requires patient cooperation and swallowing, the EndoFLIP can be performed on
anesthetized patients and determine the post-op distensibility and lumen diameter.

In addition, there are several reports in the literature that use FLIP to evaluate con-
tractility in the esophageal body of patients to complement HRM results. However, in

Figure 4.
EndoFLIP- on the left is the pre-myotomy image showing low distensibility at the EGJ with narrow passage. On
the right is the post-myotomy image showing improvement in the distensibility and a wider passage at the EGJ.
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order to do so, the probe is placed more proximal along the esophagus and a special
software is used to assess peristalsis [23, 24].

3. Treatment options

The mainstay of treatment for achalasia is directed toward lowering the LES pres-
sure to allow food passage to the stomach. The non-surgical treatment options include
pneumatic balloon dilatation and Botulinum toxin injection while surgical treat-
ments include Heller myotomy and per-oral endoscopic myotomy (POEM) [25, 26].
Offering the appropriate treatment option to a specific patient is done when taking
into consideration all the pre-operative work up, comorbidities, and nutritional status
of each individual patient.

3.1 Non-surgical treatment

Generally, the non-surgical treatment options are preferred for patients who are
considered high risk for surgical intervention secondary to their comorbidities.

3.1.1 Botiluim toxin injection

Botilium toxin A (Allergan Inc., Irvine, California, USA), a muscle paralytic
which acts via inhibiting the release of acetylcholine locally at the neuromuscular
junction thereby reducing the tone of the lower esophageal sphincter resulting in its
relaxation [27]. Endoscopically guided injections of 25 units are placed in each of
four quadrants circumferentially around the lower esophageal sphincter just above
the Z line using a sclerotherapy needle, for a total of 100 units. However, its rather
limited short acting results with 78.7% patients having relief of symptoms at one
month post injection and declining to 40.6% at 12 months post injection [28], and
approximately 50% of patients requiring repeated injections [29]. Botilium toxin
injection may be used as a bridging procedure in severely malnourished patients
until surgery to allow some relief of symptoms and weight gain [30]. Botilium
toxin injection may be a good option for elderly high-risk surgical patients, even if
repeated injections are necessary.

3.1.2 Pneumatic dilation

Under endoscopic and radiological guidance an achalasia balloon commonly
the Rigiflex Balloon system (Boston Scientific Corp, Boston, Massachusetts, USA)
is used to tear the musculature of the lower esophageal sphincter thereby reducing
the outflow obstruction and alleviating symptoms. The balloon should be approxi-
mately 150% of the diameter of normal EG junction. It is placed under endoscopic
and fluoroscopic guidance and slowly inflated to 30 to 35 or 40 mm using 7-15 psi
of air. The balloon is held inflated for 15-60 seconds effectively tearing the lower
esophageal sphincter muscles thereby leaving the area open [31]. A risk of pneu-
matic dilation (PD) is the possibility of esophageal perforation, carrying a risk of
1.9% when done by experienced clinicians (range 0-16), and if occurs requires
emergent surgical intervention. With 62% of patients reporting alleviation of
symptoms at 6 months post dilation, this is a good option for poor surgical
candidates [32].
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It should be noted that a PD post-surgical intervention either lap heller or POEM
may be useful tool for treating recurrence of symptoms (see below recurrent symp-
toms) [33]. Typically, a one-time treatment to 30 mm is sufficient.

3.2 Surgical intervention

Laparoscopic Heller myotomy (LHM) with fundoplication is the surgical gold
standard treatment of achalasia. Since 2007 with the introduction of Per-Oral
Endoscopic Myotomy (POEM), has become more widely used. LHM has excellent
efficacy, with an improvement in symptom scores and high satisfaction in more than
90% of patients for up to 5 years after the procedure [34]. Due to the high rate of mal-
nutrition in patients with achalasia, it is imperative to evaluate the patient’s metabolic
status and consider pre-operative enteral nutrition. By providing enteral or parenteral
nutrition for a short time prior to surgical intervention, the catabolic status may be
reversed, thereby reducing chances of complications.

3.2.1 Laparoscopic or robotic Heller myotomy

Laparoscopic Heller Myotomy (LHM) includes the division of the circular and
longitudinal muscles 2 cm distal and 5-7 cm proximal to the EG]J in achalasia types 1
and 2. For achalasia type 3 a longer, esophageal myotomy is done, and can be tailored
to each patient according to the HRM. In order to avoid gastro- esophageal reflux, a
fundoplication, either posterior (Toupet) or anterior (Dor) is added to the procedure.

This procedure can be done robotically with enhanced visualization of the circular
muscles and better control of their delicate division and several studies and meta-
analysis have demonstrated a lower of esophageal perforation rate and reduction of
technical complications [35, 36].

Several studies have shown excellent results with LHM, demonstrating improve-
ment of symptoms and patient satisfaction of >90% in the 6 months post-operative
period. These results were maintained in most studies for up to 5 years. However,
there were some studies demonstrating a decrease with time in symptoms improve-
ment of up to 57% in some reports [32, 34, 37]. Although LHM is done with fundo-
plication, some patients still suffer from GERD symptoms and have esophagitis on
endoscopy.

3.2.2 Per-Oral endoscopic myotomy (POEM)

Once considered innovative novel procedure, POEM is becoming more and more
accepted as a viable alternative to LHM. POEM is performed under general anesthesia
using a standard gastroscope inserted into the esophagus per orally.

A small longitudinal incision is made on the esophageal mucosa approximately
10 cm proximal to the EGJ to allow the gastroscope to slide into the submucosal plane.
A sub-mucosal dissection is then performed and carried all the way until 2 cm distal
to the EGJ. Then the myotomy is performed including the circular muscle layer only,
leaving the longitudinal layer intact. The length of the myotomy is tailored to each
patient according to the HRM but usually begins from 2 cm distal to the EGJ to 5-7 cm
proximal to it. This can be done in an antegrade fashion or retrograde. It can be done
on the anterior or the posterior aspects of the esophagus [38]. POEM is especially rec-
ommended for patients with type 3 achalasia as a long thoracic myotomy is indicated
for these patients [39], which is more difficult to perform in LHM.
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POEM has excellent results as demonstrated by a reduction in Eckardt score to <3,
achieving clinical success and improvement of dysphagia in 83-98% of the patients
[40, 41]. However, GERD is a concern among post-operative achalasia patients.
Several studies have compared LHM to POEM regarding post-operative GERD
symptoms. Werner et al. [41] randomly assigned 221 patients to undergo either POEM
(112 patients) or LHM plus Dor’s fundoplication (109 patients). They showed that
after POEM 44% of the patients had esophagitis after 24 months vs. 29% in the LHM
group. However, high-grade esophagitis (Los Angeles Classification grade C or D) was
similar between POEM and LHM at 24 months, suggesting 5% in the POEM group
and 6% in the LHM group. They also found that 24 h pH monitoring was similar
among patients who underwent POEM and LHM.

In order to reduce reflux symptoms that could potentially lead to GERD, esophagi-
tis, strictures, Barrett’s esophagus and even cancer Inoue et al. [42] described adding
an endoscopic fundoplication to POEM (F-POEM)), but this technique is still novel
and needs to be further explored.

3.2.3 Esophagectomy

End-stage achalasia is characterized by severe dysphagia and a sigmoid, tortur-
ous esophagus seen on endoscopy and on barium swallow study. Although patients
with end-stage achalasia might suffer from complications such as pulmonary
complications, esophagitis and risk for cancer, they do not have many treatment
options [43]. Although most studies suggest that POEM, LHM or PD might be
the first step in trying to treat patients with end-stage achalasia [44, 45], others
suggest that esophagectomy alone is the treatment that these patients should be
offered [46].

Reconstruction after esophagectomy can be done preferably using gastric pull-up
or colonic interposition. This is a high morbidity procedure that should be reserved to
specific patients as it comes with the potential for significant post-operative compli-
cations, morbidity and although rare, mortality [47, 48].

4. Special considerations
4.1 Pediatric population

In recent years, the incidence of achalasia has risen rather significantly including
an increase in pediatric population and may in part be due to the increased sensitivity
of testing and increased awareness of the diagnosis. Children who were otherwise
misdiagnosed, with anorexia, chronic pulmonary manifestations such as recurrent
pneumonia and failure to thrive are now being diagnosed with achalasia. Diagnosis is
made as in the adult population, via HRM, EGD and CESS. Special attention should
be made to biopsies for evaluation of eosinophilic esophagitis which may mimic
achalasia symptoms but requires treatment with oral steroid gel rather than surgical
intervention. In general, the treatment options for the pediatric population need to
take into consideration growth and long-term risk for reflux. The gold standard of
treatment in pediatric patients is laparoscopic Heller myotomy Botilium toxin injec-
tion is not recommended as there is no clear dose known for pediatric population
[49]. Pneumatic dilation is not a good option for children as first line therapy, due to
need for recurrent dilations [50]. In recent years, POEM has gained popularity and is
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often preferred over traditional surgery. With results similar to their adult counter-
parts, POEM is a good option for pediatric population in the hands of experienced
surgeons [51, 52].

4.2 Pregnancy

Maternal nutrition has long been a subject in the medical world and similar to
malnutrition from other causes, achalasia is known to cause intrauterine growth
restriction, preterm labor and small for gestational age [53]. Additional consider-
ations include the socioeconomic effects of absent mothers due to extended hospi-
talizations, missed work, and increased healthcare costs. The early diagnosis and
treatment of achalasia prior to pregnancy is imperative to ensure healthy outcomes
for both mother and fetus. As such ideally, diagnosis and treatment are made prior
to pregnancy. However, in cases where the diagnosis is only made during pregnancy
the clinician must take into consideration both patients, mother and fetus. Treatment
options during pregnancy may include enteral nutrition supplements via feeding tube
placement and delaying definitive treatment until delivery with close monitoring of
fetus for IUGR and SGA.

Non-surgical treatments such as Botox injection have been reported in the litera-
ture [54, 55] however, Botox is labeled as a pregnancy category C, based on studies
using significantly lower doses for cosmetic use. As such the use Botox in pregnancy
and its safety is not clear [56].

Following delivery, standard surgical intervention can be scheduled either laparo-
scopic Heller myotomy or POEM.

4.3 Follow up

Post POEM follow up should include surveillance with Eckardt score, with a score
less than three regarded as treatment success, barium swallow study, 24 hours pH-
metry, manometry and EGD as needed based on patient symptomatology [57]. While
follow up diagnostics and treatments vary from center to center, studies have found
that surveillance EGD at 1 year post POEM may help to identify those patients with
reflux [58]. The recommendation for yearly EGD examination has also been suggested
by Milito et al. [59].

4.4 Salvage therapy for recurrence or failed treatment

Recurrence of symptoms can occur in some patients. These symptoms need to be
investigated to understand if the symptoms are related to outflow obstruction, GERD
or dysmotility of the esophagus. A barium swallow study should be performed for
an accurate imaging of the esophagus with dynamic evaluation, an upper endoscopy
to assess the LES, presence of esophagitis, candidiasis or other pathology and a
manometry to evaluate the esophagus and the LES function. If available, EndoFLIP is
areasonable complementary test for evaluation.

After these assessments, if a diagnosis of recurrence or failed treatment is estab-
lished, a salvage therapy may be offered. The salvage therapy depends on the type
of initial treatment. Studies trying to evaluate what kind of salvage therapy is more
appropriate, failed to demonstrated superiority of one over the other [60-63]. After
failed LHM or POEM either posterior POEM or PD can be offered. If a patient suffers
from GERD after POEM a treatment with either medical management or laparoscopic
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fundoplication are viable options. In patients with candida which can mimic recur-
rence of symptoms, the recommended treatment is oral antifungals.

5. Summary

While achalasia was once thought to be a rare disorder, recent years has seen a sig-
nificant increase in the incidence, perhaps attributable to the increased use of HRM
and general recognition of the disease. Contrary to classic textbook descriptions,
achalasia patients may present in normal weight or even obese due to the availability
of high calorie and protein soft and liquid food. Diagnosis should be made based on
three exams, HRM, CESS and EGD. The Eckardt score can aid in understanding the
severity of symptoms, but may not adequately reflect actual disease status, and may
not be correlated with exam findings. Early treatment is key especially in younger
populations, in order to prevent disease progression and complications. Treatment
options should be tailored to each patient based on age, nutrition status and comor-
bidities. The gold standard of treatment is Laparoscopic Heller Myotomy with
fundoplication; however, POEM has been accepted as a comparable surgical treat-
ment if performed in experienced centers. Follow-up is mandatory to assist patients
with coping with this chronic disease and screen for early or late complications as well
as offering salvage treatment when needed.

Achalasia is a chronic and irreversible condition. Early treatment may slow down
the progression of the disease. Opening the LES may facilitate passage of food into the
stomach and alleviate symptoms, however aperistalsis of the esophagus persists.
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Chapter 5
Gastric Volvulus

Maria Carolina Jimenez, Jose M. Martinez and Robert F. Cubas

Abstract

Gastric volvulus is one of the most worrisome complications related to large
paraesophageal hernias. It is a medical emergency that requires high index of sus-
picion and prompt management and operation during the index admission. Here
we discuss the pathophysiology and classification of gastric volvulus, clinical and
radiological presentation, and treatment options. The approaches described here
include endoscopic, laparoscopic, robotic and open. We advocate for the first three
approaches and usually save the open approach for certain redo operations or patients
with significant adhesions from prior mediastinal or foregut surgeries.

Keywords: gastric volvulus, paraesophageal hernia, gastropexy, endoscopy, hernia

1. Introduction

Gastric volvulus, from the Latin volvere (meaning ‘to roll’), is an uncommon
clinical entity, occurring in both adult and pediatric populations and defined as the
pathological rotation of the stomach beyond 180 degrees. It was first described by
Berti in 1866 based on the autopsy of a woman who died of closed loop obstruction
and Berg described the first operation in 1897. It is considered a life-threatening
emergency due to formation of a closed loop obstruction with strangulation which
can progress to gastric ischemia, necrosis and perforation [1-9].

Its true incidence is unknown because besides being a rare condition, many
chronic cases are never diagnosed. The clinical presentation is variable and may
range from an intermittent non-specific abdominal pain to acute abdomen requir-
ing emergency surgery. The mortality rate for acute volvulus ranges from 30-50%,
highlighting the importance of early diagnosis and treatment [2, 3, 5, 10].

2. Pathophysiology

Primary gastric volvulus refers to the absence of diaphragmatic defects or
intra-abdominal abnormality causing the volvulus, accounting for approximately
30% of cases [2, 6, 10]. The stomach is fixed to the abdominal wall by the gastrocolic,
gastrohepatic, gastrophrenic, and gastrosplenic ligaments. Together with the gastro-
esophageal junction and the pylorus, these ligaments provide anchorage and prevent
malrotation. When these mechanisms fail, the patient may be at risk of primary
gastric volvulus [5, 6].
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Secondary gastric volvulus may arise due to disorders of gastric anatomy or gastric
function or abnormalities of adjacent organs such as the diaphragm or spleen. Up
to 75% are associated with a paraesophageal hernia (PEH), diaphragmatic hernia,
wandering spleen, abdominal adhesions, diaphragmatic eventration, phrenic nerve
paralysis, or other diaphragmatic or intraabdominal conditions [1-3, 5, 6, 10, 11].

Risk factors include age over 50, gastric ligament laxity, pyloric stenosis, gastrodu-
odenal tumors, diaphragmatic injury and eventration, left lung resection, or pleural
adhesions [2].

The fifth decade is the age group with the highest incidence with children less than
one year old making up 10-20% of cases. No association with either sex or race has
been reported [2, 3, 5, 6, 10].

3. Classification

Several anatomopathological classifications have been proposed, and the most
complete one was proposed by Von Haberer and Singleton, modified by Carter in 1978
describing three types of gastric volvulus according to the axis of rotation: organo-
axial, mesenteroaxial and combined [1, 2, 5, 11].

Organoaxial volvulus is a rotation of the stomach around a longitudinal axis
passing through the cardia and the pylorus. It is the most common form, occurring
in approximately 60% of cases. The most common causes of this subtype are para-
esophageal hernias and diaphragmatic eventration. It causes the greater curvature of
the stomach to rest superior to the lesser curvature, resulting in an ‘inverted’ stomach.
The distinguishing feature of this variant is that it lies in the horizontal plane when
viewed on plain radiography Figure1 [1, 2, 5, 11].

The second type of gastric volvulus is mesenteroaxial. It is a less common subtype,
comprising approximately 29% of cases. Rotation occurs along a transverse axis,
passing through the midpoints of the small and the great curvature. This type is more
likely found in the pediatric population and is rarely described in adult individuals.
Strangulation is less likely to occur due to spontaneous detorsions with recurrent
acute episodes Figure 2 [1, 2, 5, 11].

The third and rarest subtype of gastric volvulus is when the stomach rotates
about both the organo-axial and mesenteroaxial axes resulting in a combined
volvulus [1, 2, 5, 11].

Figure 1.
Organoaxial volvulus.
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Figure 2.
Mesenteroaxial volvulus.

4. Clinical presentation

The clinical presentation of patients with gastric volvulus depends on the speed of
onset, type of volvulus and degree of obstruction [1, 5].

Given that gastric volvulus is a rare condition, it is rarely considered at the top
of the differential diagnoses when a patient presents with abdominal, or chest pain
associated with nausea and vomiting [5].

The classic symptoms, known as “Borchardt’s triad,” consist of:

* Nonproductive vomiting
* Epigastric pain, and
* Difficulty inserting a nasogastric (NG) tube

However, these symptoms may not be present in as many as 25% of patients.
Hematemesis may also be seen and is thought to occur due to mucosal sloughing as a
result of ischemia or a mucosal tear due to retching [1, 2, 4-6, 10].

On physical exam there are a variety of possible characteristic findings such as
gastric sounds audible in the chest, abdominal distention and dullness to percussion.
Once the disease has progressed to peritonitis, abdominal wall rigidity and rebound
tenderness may also be found [6].

In contrast, chronic or intermittent gastric volvulus may present with nonspecific
symptoms which may go unnoticed. These include mild upper abdominal pain, chest
pain, dysphagia, bloating, early satiety, heartburn, and occasionally symptoms of
pancreatitis. Such features may be protracted and are often misattributed to other
upper gastrointestinal disorders such as peptic ulcer disease [4-6, 11].

Laboratory findings include [6]:

* Elevated markers of inflammation (e.g., white cell count, c-reactive protein)
* Electrolyte abnormalities (e.g., hypokalemia, hypochloremic metabolic alkalosis)
* Elevated pancreatic enzymes; and

¢ Anemia (related to mucosal ulceration)
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Reported complications of gastric volvulus include ulceration, perforation, hem-
orrhage, pancreatic necrosis, and omental avulsion. On rare occasions, rotation of the
stomach may even cause disruption of the splenic vessels resulting in hemorrhage and
splenic rupture [5, 12].

5. Diagnosis

Diagnosis based on physical examination findings and symptoms alone is difficult,
therefore a high index of suspicion is required, as it is a condition with a high mortal-
ity rate in acute cases [3, 4].

The gold standard is a barium swallow, which has a very high sensitivity and
specificity for diagnosing gastric volvulus [10]. However, the increased availability of
computed tomography has displaced barium swallow to a second place in the diagnos-
tic armamentarium.

The diagnosis is frequently made by an abdominal radiograph and an upper
gastrointestinal series, although the results may be normal during the asymptomatic
period [2, 4, 11, 13].

In a typical presentation of gastric volvulus, an erect abdominal radiograph may
demonstrate double air-fluid levels in the antrum and fundus, a single air bubble
with no additional luminal gas or a distended fluid-filled stomach. Chest radiographs
also can demonstrate a retrocardiac, air-filled mass. These features may be absent in
cases of intermittent obstruction and therefore further imaging is often necessary to
confirm diagnosis [5].

Upper gastrointestinal series can provide information on the rotation of the stom-
ach and passage of ingested oral contrast material into the duodenum [4]. However,
it is usually not performed routinely in mild cases due to the vagueness of symptoms
and low suspicion of gastric volvulus.

Most patients, particularly those with acute abdominal pain, undergo CT scan.
CT of the abdomen or chest typically demonstrates a dilated stomach, often abnor-
mally positioned in the chest. A swirl sign may also be evident. CT also defines other
anatomic abnormalities, such as diaphragmatic defects, and excludes other abdominal
pathology as the source of symptoms [6]. The most frequent and sensitive CT find-
ings of volvulus are stenosis at the hernia neck and transition point at the pylorus [4].
CT findings of ischemia including gastric wall edema, lack of contrast enhancement
of the gastric wall, perigastric fluid, pneumatosis of the gastric wall, pleural effusion,
and pneumoperitoneum could also be seen [2, 4, 11, 13].

Gastric volvulus can sometimes be initially diagnosed through upper endoscopy
where tortuous appearance of the stomach and difficulty or inability for the endo-
scope to reach the pylorus may be found [2, 11]. It is also typical to see the pylorus
adjacent to the esophagogastric junction on retroflexion.

6. Treatment
The treatment of acute gastric volvulus is medical, endoscopic and/or surgical.
6.1Initial management

Initial treatment involves stabilization of the patient, balanced crystalloid resus-
citation, correction of electrolyte abnormalities and urgent upper endoscopy with
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placement of NG tube for decompression, which will assist with reduction of the
gastric volvulus and evaluation of the mucosa [6, 11, 14]. Blood-based resuscitation
should be considered for patients with chronic anemia from this condition or present-
ing with acute upper gastrointestinal bleed. In the presence of suspected perforation
or ischemia, broad spectrum antibiotics should be administered early [14].

Some authors consider that chronic gastric volvulus can be managed conserva-
tively with prokinetic agents and antisecretory therapy [2].

Immediate surgical consultation should be obtained, particularly in the case of an
acute volvulus where the risk of vascular compromise and death are high [5].

Urgent surgery is mandated in the following instances [6]:

* Inability to decompress the stomach with a nasogastric tube or endoscopy
* Gastric perforation
* Mediastinal collection
* Shock or hypotension refractory to resuscitation
* Severe sepsis
6.2 Endoscopy

An upper endoscopy may be initially attempted to manually reduce the hernia in
stable patients, particularly when unable to pass an NG tube. If successful, this will
allow further assessment of the extent of damage as a result of the volvulus and will
allow time to resuscitate the patient prior to surgery. Many times decompression of
the stomach with a nasogastric tube will result in reduction of the volvulus [3, 14].

The airway should be secured prior to endoscopic intervention to avoid aspira-
tion during the procedure. Once the endoscope is inserted, esophageal and gastric
contents can be suctioned and NG or orogastric tube can be guided under endoscopic
visualization into the stomach for decompression [14].

Endoscopic derotation with endoscopic gastropexy via percutaneous endoscopic
gastrostomy (PEG) tube has been described as conservative first-line management
in patients with isolated gastric volvulus and high surgical risk [5, 10, 11, 14]. The
rationale for placement of a PEG tube is that it helps prevent recurrent volvulus by
fixing the stomach to the abdominal wall in its normal orientation. In the rare case
that PEG is used as the sole therapy, a second PEG tube will be needed to prevent
future rotation. In such cases, one PEG is placed in the usual position in the gastric
body while the other is placed more distal in the stomach [14].

However, the risk of gastric perforation with endoscopic therapy as main treatment is
significant and patients should therefore be considered carefully for conservative treat-
ment [2, 10]. There is also a risk of recurrence due to inadequate fixation, persistence
of predisposing factors such as hernias and adhesions from previous surgeries, and the
potential that the fixation point will act as an axis for further rotations Figure 3 [11].

6.3 Surgery

Surgical management is aimed at ensuring gastric viability [15]. The principles of
treatment of gastric volvulus include decompression of the stomach with reduction
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Figure 3.
Endoscopic view of devolvulized stomach.

of the volvulus to restore the stomach to a more normal anatomic position, followed
by gastropexy and correction of the intra-abdominal factors predisposing to volvulus
and thus preventing future stomach rotation. Gastric resection is necessary if full-
thickness necrosis is present [5-7, 11, 16].

Traditionally, open surgery has been the preferred approach, allowing broad
access to the abdominal cavity [1, 2, 6, 17]. Patients demonstrating signs of metabolic
derangement or necrosis might benefit from open transabdominal damage-control
laparotomy for reduction and relief of ischemia or resection of necrotic tissue and
planned second look for definitive repair [14].

Due to the paucity of literature comparing laparoscopic and open surgery it is
difficult to compare their respective outcomes. However, laparoscopic surgery has
largely demonstrated its usefulness in elective surgery for chronic gastric volvulus
and increasingly in cases of acute volvulus [7 11, 12, 16-18]. Koger and Stone in 1993
described the first successful laparoscopic treatment of acute gastric volvulus by
performing reduction and gastropexy [11]. Over time, good results with laparoscopic
approaches have been described for gastric volvulus in stable patients, but its use in
cases of perforation remains controversial [19].

Channer et al. have reported successful reduction of organoaxial gastric volvulus
using standard laparoscopic foregut port placement in a small series [12]. Yates et al.
have modified the port configuration to allow for sutured gastropexy of the distal
gastric body and antrum [18].

In high-operative risk patients, management of gastric volvulus with laparoscopic
paraesophageal hernia (PEH) repair can result in significant perioperative morbid-
ity and mortality, and in the presence of severe thoracoabdominal musculoskeletal
deformities the repair may turn into a technically challenging one [18].
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Laparoscopic gastropexy requires much shorter operative time compared with
laparoscopic PEH repair, possibly resulting in less perioperative morbidity and mor-
tality for patients [8, 18]. Many technical variations of gastropexy have been reported
in the literature and include [1, 5, 12, 17]:

* Simple fixation of stomach to the anterior abdominal wall, including using
T-fasteners (Ross Products Division, Abbott Laboratories, Columbus, Ohio) [12]
and intracorporeal suturing

* Gastrostomy tube placement
* Suturing the lesser curvature to ligamentum teres or a free edge of liver

* Posterior fixation of the greater curvature to the peritoneum and colonic
mesentery

* Fixation of the fundus to the undersurface of the diaphragm

In the past, more definitive procedures that were performed included gastropexy
with colonic displacement (Tanner’s procedure), fundoantral gastrostomy (Oozler’s
operation), gastrojejunostomy and gastrocolic disconnection. However, these are
rarely used nowadays.

Laparoscopic approach with excision of the hernia sac, re-approximation of the
diaphragmatic crura, anti-reflux procedure and gastropexy, when indicated, has been
tolerated, securing the stomach intra-abdominally and preventing migration of the
stomach to an intrathoracic position. Complete excision of the hernia sac can also help
to eliminate one of the causes of recurrence [12].

Due to the robust collateral circulation of the stomach, gastric necrosis is unusual,
but the stomach should always be thoroughly examined for evidence of ischemia after
reduction of the gastric volvulus. When it occurs, gastric necrosis is usually located at
the fundus, which is a location amenable to partial resection with a linear stapler [6].
It is crucial to perform an intraoperative upper endoscopy to be able to evaluate the
condition of the mucosa and the repair performed.

In the rare case of full thickness necrosis of the stomach with absence of perfusion
after reduction of volvulus, a total gastrectomy may be required, leaving the esopha-
gus and duodenum in discontinuity, placing a feeding jejunostomy tube and creating
a diverting esophagostomy at the initial surgery for damage control. Once the patient
is more stable, they can be taken back for definitive repair with esophagojejunal
reconstruction or colonic interposition [6].

While there has been debate in the literature concerning the indications of
an additional anti-reflux procedure when repairing a diaphragmatic defect,
Fundoplication, especially if the wrap is sutured to the crura, has shown to decrease
recurrence in patients with hiatal hernia [2, 10]. An anti-reflux procedure should be
performed routinely in patients with PEH [12, 20].

More recently robotic-assisted surgery has been gaining popularity in General
Surgery, and there are increasing reports demonstrating that robotic approach
to the management of GERD and PEH repair is safe and effective with low com-
plication rates [21, 22]. To date, there are very few case reports of robotic repair
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Figure 4.
Robotic repair of paraesophageal hernia presenting with a gastric volvulus.

of paraesophageal hernia with finding of gastric volvulus in children and adults
Figure 4 [21, 23-25].

6.4 Postoperative considerations

Postoperatively, patients should be admitted to an appropriate level of care based
on clinical condition. Antiemetics should be scheduled to help prevent retching and
vomiting. Currently there are no guidelines on postoperative use of NG tube or timing
of enteral feeding.

Some authors tend to leave an NGT in situ, while others do not routinely leave
one. Some surgeons perform a barium swallow within the first 2 postoperative days to
interrogate the hernia repair, assess gastric emptying and evaluate for the presence of
an esophageal leak [7, 14, 15]. We do not routinely follow this approach at our institu-
tion, unless there has been transmural gastric violation requiring repair or partial
gastrectomy.

There is variety in practice with respect to feeding after surgery. We sequen-
tially advance diet (full liquids, puree or blended diet and soft diet) for a period of
6 weeks to allow the edema at the site of the operation to resolve. Other surgeons
discharge patients on a soft diet for 2 to 3 weeks after emergency repair of gastric
volvulus [7, 15].

When placing a gastrostomy tube, Yates et al. typically leave it connected to a grav-
ity bag for 12 to 24 hours postoperatively. Thereafter, the tube is selectively opened
for symptoms of gastric distention (nausea, vomiting, and bloating). None of the
patients in their series needed to use the gastrostomy tube for gastric decompression
beyond 24 hours postoperatively [18].

7. Conclusion

The diagnosis of gastric volvulus requires familiarity with the presenting signs and
symptoms. Early diagnosis is critical to timely intervention. Surgeon experience and
patient physiology will drive the surgical approach.
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Salvage Esophagectomy in
Advanced Esophageal Cancer

José Luis Braga de Aquino and Vinia Apavecida Leandro-Merhi

Abstract

Even through the esophageal cancer has innumerable treatment options, its
prognosis is still unsettled. Because esophagectomy is rarely curative, others thera-
pies, such as chemoradiation emerging in advanced disease followed or not surgery.
The salvage esophagectomy is an alternative for those patients with recurrent disease.
Thus in this chapter the intend is show the results of the salvage esophagectomy in
patients with esophageal cancer who had previously undergone chemoradiation and
discussion about the morbidity of this surgical tecnic. Too, its show the our experi-
ence in 72 patients with unresectabeled esophageal carcinoma were treated with
chemorradiation followed by salvage esophagectomy by trans-toracic approach.
Patients was evaluated with regard pos-operative complications and disease free
survival. The major complications was deiscence at the level of the of the anastomosis
esophagogastric cervical, presents in 16 patients (22,2%) and pulmonar infection in
23 patients (31,9%). In 53 patients that were available for a five years follow-up, was a
rate of 43,3% (23 patients) of disease free survival. Thus with the results its conclude
that the salvage esophagectomy seems to be valuable in cases without any other
therapeutic options.

Keywords: salvage esophagectomy, esophageal neoplasms, esophagectomy,
neoadjuvant, therapy, post-operative complications, quimioradiation

1. Introduction

Esophageal malignancy is still a rather frequent condition, ranking third among
the most frequent tumors of the gastrointestinal tract and the eighth most prevalent
in the world [1-4]. Recent studies show that esophagus neoplasms have increased by
10% per year, causing approximately 400,000 annual deaths and being the sixth lead-
ing cause of cancer death [5-7].

In Brazil, it is the seventh most common malignant neoplasm with an estimated
13,550 new cases in 2016; its highest incidence occurs in the South and Southeast
regions of Brazil [8, 9].

The delay in diagnosis, excessive weight loss due to dysphagia and the associa-
tion of cardiopulmonary diseases resulting from tobacco abuse make patients with
a condition difficult to be controlled clinically, leaving their physicians with few
therapeutic options [3, 4, 10, 11].
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This reflects in the indication of esophagectomy. Although this surgical proce-
dure remains to this day the best indication of therapy for a potential cure, because
of the advanced stage of the disease found in most cases and also because of the
great clinical nutritional depletion that affect patients, only 30 to 40% of them can
undergo this treatment. This means that this condition has a rather unfavorable
prognosis [1, 5, 11-13].

And even in patients who have clinical conditions that allow radical surgery,
the prognosis is also rather poor; in fact, those patients have an average survival
rate of only 15.5 months, with a two-year survival rate varying from 34 to 37% and
with locoregional failure of up to 42%, as has been demonstrated in several recent
studies [3, 5, 6, 10, 13, 14].

Thus, due to the low effectiveness of esophagectomy as a single treatment used
with a curative purpose, for some years now new therapeutic measures have been
advocated, such as radiotherapy and chemotherapy alone or associated in the pre- or
post-operative period of surgical resection [5, 6, 12, 13, 15].

With the evolution of oncological therapy using more potent drug associations
with fewer side effects and the advent of devices with better resolution and with more
adequate techniques for performing radiotherapy, in recent years chemoradiation
with exclusive intent has been suggested for a definite treatment for patients with
locally advanced and unresectable esophageal cancer or patients without clinical and
nutritional conditions for esophagectomy [3, 4, 6, 7, 16, 17].

However, studies with longer follow-up have shown that exclusive chemoradiation
as a definitive therapy has also an unfavorable prognosis in advanced stage esophageal
tumors, even if it is only with locoregional involvement without distant metastasis,
with a median survival of 29 months, with local recurrence of up to 60% and a five-
year survival ranging from 10 to 26% [1, 2, 4-6, 17].

Thus, the only way to attempt a potential cure in these patients with recur-
rence or persistence of the disease, after failure of exclusive chemoradiotherapy,
would be salvage esophagectomy with a 5-year survival rate ranging from 25 to
40% [3, 4, 10, 11, 13, 16, 18].

Unlike planned esophagectomy, which is a full part of multimodal therapy for
esophageal cancer, salvage esophagectomy is selectively indicated after chemoradia-
tion failure as a definitive proposal [2, 3, 4, 6, 11, 16, 17]. In planned esophagectomy,
after neoadjuvant chemoradiation, the surgical procedure is always performed, unless
there is a contraindication for its performance, such as malignant disease progression
or greater impairment of the patient's general condition [16-20].

However, the decision to perform salvage esophagectomy is often debatable, as it
is often difficult to prove the persistence or recurrence of the disease. This is because,
although patients may have clinical and imaging findings suggestive of malignancy,
such as recurrent dysphagia and esophageal wall thickening, respectively, endoscopic
biopsies are often inconclusive, due to persistent fibrosis from previous treatment.

If in the esophagectomy planned in the multimodal treatment, where the absence
of tumor in the surgical specimen is considered a success, the finding of benign dis-
ease in the salvage esophagectomy can be considered a failure [2, 3, 19-21]. This is
because salvage esophagectomy is another selective method of treatment in patients
who still have persistent or recurrent locoregional tumors after chemoradiation
failure [5, 7, 11, 21, 22]. Evidently, there are clinical situations in which the severity
of the esophageal pathology justifies resection, even if it is a benign pathology, such
as endoscopic intractable stenosis, ulcers and fistulas resulting from radiotherapy
(3, 4, 20, 23].
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Esophagectomy after chemoradiation, whether planned or salvage, can be techni-
cally difficult, since the radiation affects the mediastinum structures, either earlier,
due to the presence of an inflammatory process, or later, due to the evolution to
fibrosis [3, 12, 13, 22].

The greater tissue injury is caused by the highest irradiation dose, whether total
or fractional, the greater extension of the irradiation field, and this may influence the
greater morbidity of salvage esophagectomy [1, 4, 11, 19-21]. Some series have shown
that tissue damage is greater in patients undergoing this type of resection, since the
total dose used in chemoradiation with final intention is generally higher, and on
average 50 to 60 Gy, for 30 to 40 Gy for the group of patients initially submitted to
neoadjuvant therapy [12, 14, 24-26].

Another relevant fact is that in planned esophagectomy the time interval between
the end of chemoradiation and the surgery is shorter (20 to 30 days), which means
that there is still only an inflammatory process at the mediastinal level, whereas in
salvage esophagectomy, because the interval for surgery is longer, on average, from
3 to 6 months, severe fibrosis develops, with increasing difficulty to dissect the
esophagus with the mediastinal structures predisposing to a greater potential for
morbidity [1, 15, 18, 22].

This fact, associated with skepticism regarding the cure for esophageal cancer,
explains the reluctance of many surgeons to perform this type of procedure, because
despite this therapeutic modality being more popular in recent years, some series have
not yet demonstrated adequate standardization. This may hinder the results of the
actual validity of salvage esophagectomy after previous chemoradiation with exclu-
sive intent [15, 27-29].

In recent years, with the improved evolution and standardization of the surgical
techniques, better assessment of postoperative complications, better standardiza-
tion of staging by the latest TNM consensus [30], with a more adequate selection
of patients with study variables that can be standardized in the same way, caused
several series to begin showing better results with the use of salvage esophagectomy
(3, 4, 6,11, 13, 17, 19, 25].

2. Surgical procedure
2.1 Patients selection

A careful selection of patients is required, since in most cases they present with
pulmonary involvement, as they have chronic obstructive pulmonary disease, in addi-
tion to the nutritional deficit worsened by previous chemoradiation.

Hence the importance of an adequate preoperative clinical evaluation with pulmo-
nary function tests in which the expiratory volume of the first second (FEV1) and the
pulmonary diffusing capacity (DLCO) are 50% greater than expected [18, 21].

Also in order to have a more adequate selection of patients, it would be desirable that
they were non — smokers or having quit smoking at least 3 months prior to the surgery,
and also underwent chest physiotherapy at least 30 days prior to the surgery [21, 31].

Regarding nutrition, it is important that patients perform a well-appropriate
preoperative nutritional assessment, since most of these patients have marked nutri-
tional deficits resulting not only from the chemotherapeutic treatment but also from
the disease that may still be present or relapse. Thus, in recent years, some important
indicators have been advocated for the assessment of the nutritional status:
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a. Nutritional Risk Screening 2002 (NRS 20020): it is a nutritional screening
instrument for determining nutritional risk, taking into account weight loss,
reduced food consumption, body mass index and disease severity [32].

b.Subjective Global Assessment (SGA): is an instrument that subjectively assesses
the nutritional status of the sick individual, based on scores given to weight loss,
food consumption and clinical and physical signs of malnutrition [33].

c. Anthropometry indicators: the most common indicators are body weight, body
mass index (BMI), arm circumference (AC), triceps skinfold (tsf), arm muscle
circumference (AMC) and calf circumference (CC) [32-34].

d.Laboratory tests: tests associated with nutritional status, such as albumin,
pre-albumin, transferrin and lymphocyte count.

After this evaluation, if it is confirmed that the patients are malnourished, par-
enteral or enteral nutrition is indicated during a variable time of 15 to 30 days in the
preoperative period, depending on the degree of malnutrition.

2.2 Anesthetic act

Due to the fibrosis that occurs at the thoracic level, upon previous chemoradiation,
it is recommended that the thoracic route be used, either by thoracotomy or videotho-
racoscopy to have easier access to the esophagus [3, 4, 35-37].

Thus, it is necessary to perform anesthesia with single-lung ventilation with a
minimum fraction of inspired oxygen, to prevent further damage to the lung paren-
chyma, which is often already compromised by actinic action [11, 18, 31].

2.3 Surgical technique
2.3.1 Resection

Despite the main objective of the surgery being the performance of a complete
resection (RO), especially when this procedure is the primary treatment of cancer;
this same strategy has to be applied carefully after chemoradiation. Thus, the
salvage esophagectomy series indicate, in most cases, a resection of the entire
thoracic esophagus until reaching the cervicothoracic transition, through direct
vision, by right thoracotomy, to facilitate the dissection of the organ due to the
presence of fibrosis that ensued previous radiotherapy and, therefore, minimizing
complications [2, 4, 12, 13, 17, 20, 29].

In recent years with the advent of minimally invasive surgery, demonstrating the
advantages of minor trauma, some series have proposed this access route. Ishiyama
etal. [35], in a recent study, comparing salvage esophagectomy by videothoracoscopy
in 20 patients against 62 patients submitted to this procedure using right thoracot-
omy, showed that there was a significantly lower incidence of pneumonia in the video
group (20.0%) compared to the open surgery group (48.3%). According to these
authors, this result is due to the fact that the prone position used in videothoracoscopy
improves oxygenation when compared with thoracotomy, and artificial pneumotho-
rax where the gravity condition when accessing the operative field induces less lung
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compression when compared with the right lateral decubitus position, thus resulting
in less damage to the lung tissues, with concomitant reduction in atelectasis with pres-
ervation of oxygenation and, potentially, preventing postoperative pneumonia. This
fact has also been demonstrated by other authors [36-38].

Recently, high-definition video systems for laparoscopic and thoracoscopic sur-
gery have shown advantages over conventional open surgery, as they provide sharper
images of the anatomical structure, which can often be quite distorted by previous
radiotherapy [35, 38, 39]. Thus, the recognition of microanatomy is better recognized,
with better preservation of nerves and vessels when compared to open surgery, thus
being able to reduce blood loss [36, 37]. In addition this preservation of vessels is also
important, especially in relation to the trachea wall, which is supplied by a network
of vessels along its longitudinal face, and thus, with a better visualization of this
anatomy, it is possible to prevent this organ ischemia with reduction of pneumonia
and postoperative tracheal fistula [35, 39].

Regarding lymphadenectomy, there is no well-defined consensus, since some
authors suggest routine lymph node dissection in II and III surgical fields and other
authors only in lymph node stations with suspected metastases, to avoid devascular-
ization of the airways [11, 19, 20, 29, 31, 35, 40].

Although there is controversy regarding the increase in overall survival, some
authors have recently suggested salvage lymphadenectomy, that is, only lymph-
adenectomy, without esophageal resection, because the disease is only located in
the locoregional lymph nodes, after chemoradiation with definitive intent, as it is
less invasive and has a low incidence of complications [13, 41, 42]. Katoe et al. [41]
demonstrated in 30 patients submitted to salvage lymphadenectomy that the overall
survival was significantly higher when there was recurrence of the disease in the
lymph nodes in relation to the residual disease in the same lymph nodes, being 21.7%
to 0.0%, respectively; they also showed that overall survival was significantly higher
when lymphadenectomy was performed outside the irradiation field, with 47.6% to
8.9%), of the patients, respectively.

Some authors have also advocated partial parietal pleurectomy during salvage
esophagectomy, in order to promote a pleural symphysis and provide a more conser-
vative conduct in the event of a potential lymphatic fistula [3, 29, 43].

2.3.2 Esophageal reconstruction

Esophageal reconstruction, unlike the esophagectomy resection time, is respon-
sible for most septic and pulmonary complications after surgery, which makes
some authors recommend that it be performed in a second surgical procedure,
especially in more nutritionally undermined patients and when the viscera to be
transposed already presents a jeopardized perfusion [5, 27, 29, 43-45]. Although
the organ to be transposed in the reconstruction may present a good perfusion
in the abdomen, perfusion can be hindered by the anatomical distortion of the
immediate transposition [14, 29, 43, 44].

Thus, some surgeons have supported reconstruction by gastric transposition to the
cervical region 4 to 6 weeks after resection, although more recently other surgeons
indicate their preference for a prompt reconstruction [2, 3, 5, 11, 13, 17, 29, 44, 45].

Although it is already well standardized that the reconstruction route is carried out
through the posterior mediastinum because it is more anatomical and physiological,
some authors still believe that the anterior mediastinal route is more favorable, as it
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minimizes the consequences of a probable anastomotic fistula at the cervical level
besides being more easily diagnosed and managed. Most of the time drainage of the
cervical region at bedside will do [3, 6, 7, 12, 18, 29, 44, 45].

A variant that has been proposed, although with little acceptance, in the frame-
work of gastric transposition through the anterior mediastinal route is not performing
an immediate esophagogastric anastomosis, with the advantage of minimizing the
anastomotic fistula and aspiration of gastric contents into the airways [11, 23, 39, 43].
In addition, this access route has the advantage of avoiding tracheobronchial com-
pression and preventing a fistula of the organ transposed with the airways.

3. Post-operative complications

With the evolution of chemoradiation, with greater potential as a definitive treat-
ment for esophageal cancer, many series began to indicate salvage esophagectomy
more frequently, especially in patients with recurrent tumors and with a stage less
than or equal to T2 after oncological treatment [1, 2, 4, 11, 13, 14, 16, 20, 21].

Thus, it is important to remember the complications that this type of resection
can cause, with a frequency of up to two or three times greater than that of esopha-
gectomy without previous treatment [13, 15, 22, 29, 31]. Recently Mitchell et al. [18],
comparing the postoperative morbidity of 35 patients undergoing salvage esophagec-
tomy with 41 patients undergoing planned esophagectomy, showed complications
with higher morbidity of 71.4% and 36.6%, respectively; and in the same comparison,
mortality at 90 days after surgery was 17.1% and 9.8%, respectively.

Thus, the postoperative period of salvage esophagectomy is notable for several
complications, especially those described below:

3.1 Respiratory failure

Although this complication does not fit a precise classification, adult respiratory
distress syndrome and pneumonia are the two most frequent conditions [18, 21, 29, 46].
Chemoradiation, even without surgery, can already cause the respiratory distress syndrome
and, associated with the surgical trauma of esophagectomy, predisposes more intensely to
this syndrome [7, 12, 14].

Actinic pneumonia resulting from irradiation is probably the first injury to the
lungs, and the release of cytokines during the surgical procedure would increase the
intensity of the lung parenchyma injury [3, 18, 29, 46].

Mechanical ventilation during surgery or in the immediate postoperative period
can also initiate an inflammatory cascade in the lungs, especially when there is a need
for prolonged periods and single-lung ventilation with a high volume of the fraction
of inspired oxygen, in addition to the perfusion in only one lung [46].

Lymphatic obstruction resulting from irradiation or surgical excision, for those
authors who advocate mediastinal lymph node drainage, may also contribute to acute
lung injury [19, 47].

Another well-known etiology, which can exacerbate the inflammatory cascade
characteristic of adult respiratory distress syndrome, would be tissue ischemia with
the stomach transposed for transit reconstruction, even if this is not sufficient to
cause gastric necrosis [21, 23, 29].

Pneumonia after salvage esophagectomy has also many causes, such as chronic
obstructive pulmonary disease, resulting from long-term smoking, present in most of
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these patients, is the most relevant factor, as has been demonstrated in several series
[11, 13, 15, 20, 23, 27-29]. And this complication is also significantly lower in planned
esophagectomy when compared to salvage esophagectomy, due to the lower intensity
of irradiation in patients who undergo this type of surgical tactic after neoadjuvant
chemoradiation [18, 21]. This was well demonstrated by Mitchell et al. [18] who, com-
paring 41 patients undergoing neoadjuvant therapy and planned esophagectomy with
35 patients undergoing salvage resection after chemoradiation with exclusive intent
for having in the initial stage T4b presented an incidence of pneumonia from 12.2% to
34.3%, respectively. Hence it is important to perform a good preoperative preparation
with adequate respiratory physiotherapy.

Also the great importance of the advent of video thoracoscopic surgery that offers
the access route used for esophageal resection, potentially reduces the damage to
lung tissue with reduced atelectasis and greater oxygenation and, consequently, a
lower incidence of pulmonary infection, as has been recently demonstrated in some
series [35, 37, 38].

The deficient nutritional status, characteristic in most patients with esophageal
cancer, can be further exacerbated by previous chemoradiation which, associated
with immunosuppression also present in those patients, can more often predispose to
pneumonia. Hence it is important to perform an assessment and provide an adequate
preoperative nutritional support, to try to minimize this complication.

Another fact that can also predispose to pulmonary infection is the edema of
the cervical region resulting from the dissection of the esophagus which occurs in
the first postoperative days and can hamper swallowing in a transient way and thus
predispose to aspiration of secretions from the mouth cavity and pharynx into the
tracheobronchial tree [29].

The introduction of a nasogastric tube to decompress the stomach in the immedi-
ate postoperative period also favors the release of the upper and lower esophageal
sphincters and thus may cause reflux into the airways, with consequent pulmonary
injury [29, 32].

3.2 Esophago-visceral anastomosis dehiscence

The etiology of esophagogastric anastomosis dehiscence is multifactorial, but
technical errors and insufficient tissue perfusion of the gastric wall are the most
important causes [31, 43]. Vascularization of the transposed stomach for esophageal
reconstruction is performed by the right gastroepiploic and right gastric vessels, since
the left gastric, left gastroepiploic and short vessels are sectioned. Thus the gastric
duct survives because the stomach has a rich submucosal vascular plexus. Previous
irradiation, especially with a dose > or equal to 50 Gy, can hamper the microcir-
culation of the gastric conduit, with consequent areas of necrosis and providing
anastomotic dehiscence [21, 22, 29]. This was very evident in the review carried out
by Jamel & Markar [21] who, in the evaluation of 11 studies with 1906 patients with
esophageal cancer, showed that the group of patients undergoing salvage esophagec-
tomy had significantly 21.8% anastomotic dehiscence for 8.1% of this complication
for the group of patients undergoing planned esophagectomy. And this fact is also
demonstrated by other authors [18, 28, 29, 31].

With the advent of mechanical sutures to perform anastomoses of the digestive tract,
whether in benign or malignant conditions, perhaps this complication could be mini-
mized in patients undergoing salvage esophagectomy. This is because this suture provides
a better coaptation of the anastomotic stumps as it is double and inverted [48, 49].
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The morbidity of esophageal-gastric anastomosis dehiscence depends on the
location, whether cervical or thoracic, on the viability of the gastric conduit and on
the conditions of the perianastomotic tissues, to try to block the fistula resulting from
the dehiscence. The most favorable situation is when dehiscence occurs in the cervi-
cal region with a viable gastric conduit and protected by the soft tissues around the
anastomosis.

The management for the treatment of this complication is based on the severity
of the dehiscence. If severe, early and in the thoracic region and with hemodynamic
undermining, aggressive surgical intervention is mandatory; however, if this compli-
cation occurs later, usually after the fifth postoperative day and in the cervical region,
the conduct may be more conservative, with drainage of the cervical region at the
bedside [43, 45, 48, 49]. However, conservative management of this complication
after salvage esophagectomy can often be unsuccessful if the tissue bed at the level of
the anastomosis has been irradiated [18, 21, 29].

3.3 Recurrent laryngeal nerve injury

Recurrent laryngeal nerve injury can occur in any esophagectomy technique,
but this complication is more common after salvage esophagectomy due to medi-
astinal fibrosis resulting from irradiation, which causes intense adhesions of this
nerve to the esophagus and to the mediastinal lymph nodes, making dissection
difficult [3, 5, 10, 11, 22, 31].

As a consequence, this lesion causes vocal cord paralysis, a complication that
is poorly tolerated by patients undergoing salvage esophagectomy, as it promotes
pulmonary aspiration more frequently, limits the patient's ability to cough and thus
worsens already existing lung lesions due to actinic action.

3.4 Airway necrosis

Extensive necrosis of the trachea is a rare but usually fatal complication after
salvage esophagectomy [19, 29, 43]. On the other hand, focal necrosis of the airways is
more common, with a rate of up to 23%, in most series that demonstrate this type of
complication [4, 24, 43, 50].

And this complication may occur due to mediastinal fibrosis resulting from previ-
ous more intense irradiation, which predisposes to inadvertent injuries to the airways
during the surgical procedure that, associated with vascular damage resulting from
actinic obliterating endarteritis can induce airway necrosis. This complication has
caused some authors to avoid the large dissections of three-field esophagectomy, as
this procedure is more indicated in esophagectomy without previous chemoradition
to minimize those complications [12, 15, 17-19, 24].

This complication, once present, is evidenced by a fistula in the mediastinum
and/or pleura, progressing to pneumomediastinum or pneumothorax.

Conservative treatment of these fistulas is controversial, since, due to previous irra-
diation, the tissue injury at the mediastinal level becomes difficult to be blocked. And
this treatment becomes even more difficult when the necrotic segment of the tracheo-
bronchial tree develops a fistula into the stomach transposed to the posterior mediasti-
num, since, besides having difficulty in ventilation, a continuous aspiration of gastric
secretion into the lungs occurs [29, 43, 50]. Although treatment with a self-expanding
prosthesis is a valid option, it can, though, worsen the airway ischemia [43].
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3.5 Chylothorax

This is a complication that, although quite uncommon, can also occur due to the
difficulty in identifying the thoracic duct during esophageal dissection, resulting
from intense mediastinal fibrosis caused by previous irradiation [29, 31]. Mitchell
et al. [18], comparing the incidence of this complication among patients undergo-
ing planned and salvage esophagectomy, showed that this complication was null
for 11.4% in both cases. Lymphatic fistulas with high output, generally exceeding
1 liter per day, has early surgical indication, with thoracic duct ligation [18, 29]. On
the other hand, with low-output fistulas, the conduct may be conservative, associ-
ating parenteral nutrition, chest drainage, and chemical pleurodesis [18, 29, 31].

4. Post-surgical care

Sepsis is the leading cause of mortality after salvage esophagectomy. It often starts
with pulmonary involvement and ends with multiple-organ failure.

Thus, to prevent this morbid sequence, the surgical team must detect septic
complications as early as possible and initiate aggressive treatment. Time is often lost
in the evolution of the patient's septic condition when it is thought that the infection
is a consequence of pulmonary atelectasis or urinary tract infection. Gastric necrosis
and anastomotic dehiscence, especially if it occurs up to the third postoperative day as
well as pleural empyema and intraperitoneal abscess are important septic complica-
tions to consider [18, 22, 23, 28, 46].

Hence the importance of performing upper digestive endoscopy as early as
possible when gastric necrosis is suspected, which, if confirmed, has an immediate
indication for a new surgery with resection of the interposed stomach [18, 29]. If
there is clinical evidence of a fistula with secretion drainage through the incision in
the cervical region and without hemodynamic repercussions, drainage of this region
should be performed through cervicotomy at bedside [23, 29, 43, 45].

Patients undergoing salvage resection, because their general condition is more
undermined, require the most adequate nutritional support. Thus, in addition to an
adequate intermittent nutritional assessment in the postoperative period, it is also of
fundamental importance to carry out a careful investigation of short- and long-term
food intake after esophageal resections. This is because the changes that may occur
in the process of nutrient absorption as a result of the surgical procedure performed,
cause many patients, even six months after surgery, to be unable to meet their energy,
protein and micronutrient requirements [51-53].

Hence, some researchers suggest the supplementation of the oral diet with an
enteral diet, even in the postoperative period, in the medium term after esophageal
resection [51, 54, 55].

5. Survival
More recently, some series have shown that the results, in terms of medium and
long-term survival after salvage esophagectomy, are better in patients with residual or

recurrent tumor classified as T2 or less after chemoradiation with previously defini-
tive intent and also RO resection [6, 7, 11, 13, 17, 21, 56].
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This was well demonstrated in the study by Okamura et al. [17] who, evaluating 35
patients who underwent salvage esophagectomy after chemoradiation with exclusive
intent, had 2 and 5-year survival rates with T2 tumors, of 85% and 65%, respectively;
20% and 0% survival, respectively with tumors greater than or equal to T3; and the
same in relation to resection, since at 2 and 5 years there was 50% and 33% survival
with RO resection and 15% and 0% with resection R1/R2.

Fujita et al. [57] also demonstrated in a prospective, non-randomized study, in
53 patients, the need for esophagectomy after exclusive radical chemoradiation. In
patients who did not fully respond to chemoradiation, surgical resection increased
survival from 3 to 5 years, with a rate of 38% and 27%, respectively, and in most of
these patients with T2 tumors the resection was RO.

Hence, it is important to proceed with an adequate patients’ selection in the
preoperative period, using well-suited imaging exams to assess the tumor extension.
Of course, this can be difficult, because of the anatomical changes that occur due to
the previous treatment that causes thickening of the esophageal wall.

Okamura et al. [17], evaluating this variable, demonstrated in their series that
there was an accuracy of 91.4% with the use of high-resolution chest tomography
between the pre and postoperative periods, in relation to the thickness of the tumor.
However they suggest that, if there is any doubt about this information, PET-CT and
echoendoscopy are indicated.

More recently, it has been demonstrated that the complications that may occur
in the immediate postoperative period could have an impact on the survival of
patients, due to the deterioration of the general and nutritional status causing
an immunity deficit [11, 31]. In addition, postoperative complications can cause pro-
longed inflammation and produce inflammatory cytokines, which can induce tumor
cell proliferation [11, 58].

This was clearly evidenced in the study by Sugimura et al. [31] who, assessing 73
patients who underwent salvage esophagectomy, showed that the 3- and 5-year over-
all survival of patients with some postoperative complication was 29.4% and 29.4%
respectively, compared with 59.9% and 54.9%, respectively, among patients without
any postoperative complications.

It is thus important to proceed with a good preoperative evaluation and careful
monitoring in the intra and postoperative period to try to minimize this morbidity.

It has been shown that low albumin level, high C-reactive protein level, low
body mass index, excessive intraoperative blood loss, poor nutritional status,
advanced stage tumors and clinically positive lymph nodes and greater or equal
irradiation at 60Gy, are variables associated with a higher occurrence of postopera-
tive complications [11, 31].

6. Experience of the thoracic surgery service of hospital PUC-Campinas
Brazil

From January 1995 to December 2021, 573 patients underwent esophagectomy for
esophageal squamous cell carcinoma. Out of these, 72 underwent salvage esophagec-
tomy for residual or recurrent disease after previous chemoradiation with exclusive
intent and having an initial stage T4b.

At restagement for indication of salvage surgery, 59 patients (81.9%) had T2 or
smaller tumors, and 13 (18.1%) T3/T4a.
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All patients underwent esophageal resection by right thoracotomy and reconstruc-
tion of the digestive tract with gastric transposition to the cervical region in the first
or second surgical procedure.

In the early postoperative evaluation regarding complications, 16 patients (22.2%)
presented with cervical esophagogastric anastomosis dehiscence with good evolu-
tion fistula with conservative treatment in 15 patients; 3 patients (4.1%) had chylous
fistula, and surgical treatment was indicated in 2 of them, with good evolution; 9
patients (12.5%) had recurrent laryngeal nerve paralysis, being definitive in 2 of
them; 23 patients (31.9%) had pneumonia with good evolution, with specific treat-
ment in 19 of them; 2 patients (2.7%) had a fatal cardiovascular event due to probable
pulmonary thromboembolism.

Seven patients (9.7%) died due to complications in the first 30 days after surgery.

In the late evaluation, it was possible to follow up 53 patients for disease-free
survival assessment: at 1 year — 51 patients (96.2%); at 3 years — 26 patients (49.0%)
and at 5 years —23 (43.3%) patients. All patients who survived up to 5 years had T2
stage tumor or lower and underwent RO resection.

7. Final considerations

Exclusive chemoradiotherapy in esophageal cancer has become quite popular
in recent years, especially in cases with advanced locoregional disease and in those
patients without physiological reserve for esophagectomy. With the evolution of
nutritional support that was developed more recently, many patients were able to
recover their general conditions, becoming fit for surgical resection.

In recent years, several series have demonstrated that salvage esophagectomy
is technically feasible, despite the high morbidity, especially with regard to septic
complications and adult respiratory distress syndrome. As these postoperative com-
plications can infer a worse prognosis in the survival of these patients, it is important
to prevent these complications and to keep these patients monitored for a long time in
the postoperative period, especially with regard to nutritional status.

And this is important, because salvage esophagectomy is the only cure for cases of
recurrence or persistence of the disease after exclusive chemoradiation. It therefore
represents the best second-line treatment for local failure after exclusive chemoradia-
tion, although further studies are needed to assess whether persistent disease has a
worse prognosis than the recurrent disease after esophageal resection.
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