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Preface

Everyday, millions of medical images are produced worldwide, to aid diagnosis and treat‐
ment of patients. A typical patient’s diagnostic work-up is often incomplete without a medi‐
cal imaging technique. The various techniques for achieving this have continued to evolve,
from the basics through the sophisticated and now to the abstract. The concept of Medical
imaging has therefore continued to widen, from the conventional like X-rays, ultrasound,
CT, PET CT, MRI and nuclear Scintigraphy, to include various other recording and meas‐
urement techniques which may be documented by mapping or graphs.

This new book on ‘Medical Imaging in Clinical practice’ is another bold attempt to highlight
the various research efforts and adaptations of newer and emerging techniques in the ever
increasing world of medical Imaging. It seeks to explore the clinical applications of these
newer techniques, while drawing parallels with the more conventional methods. It is by no
means exhaustive, but achieves the overall purpose of widening the scope of knowledge
and the readers’ perception of the amazing world of medical Imaging.

I am sure, that most readers will not only be impressed, but encouraged to explore this ever
evolving specialty of Medical Imaging and the bright hopes it offers in the future of clini‐
cal practice.

Dr. Okechukwu Felix Erondu
University of Nigeria Nsukka, Nigeria
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Chapter 1

Content Based Retrieval Systems in a Clinical Context

Frederico Valente, Carlos Costa and Augusto Silva

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53027

1. Introduction

Nowadays, digital images and protocols stand as a cornerstone of most modern health-care
systems where they are used to provide important data and insights into the inner workings
and ailments of the human body. The recent appearance of new modalities, the devices re‐
sponsible for data acquisition, such as the fMRI1 and the MDCT2, produce copious amounts
of data [1]. This, coupled with recent advances in storage technology has had as conse‐
quence an explosion in the amount of data produced at medical imaging institutions. For in‐
stance, the Geneva Hospital alone produced, in 2006, over 50000 images per day and such
numbers are steadily rising [2]. Given the prevalence of digital images and protocols in the
medical arena, we are, nonetheless, still a long way from fully taking advantage of the po‐
tential brought up by this digital revolution. The current data explosion makes it trouble‐
some to a practitioner to sift through the imaging repositories while searching for data
relevant for his context. This means we have the data, but not the information, which should
be readily available to the experts in the area. In fact, data overload has been reported as a
problem by practitioners from medium to large imaging institutions [3].

The  current  methods  of  data  search,  such  as  the  ones  provided by  the  standard query
mechanisms  present  in  Digital  Imaging  and  Communication  in  Medicine  (DICOM)  are
sub-optimal,  relying  on  template  matching  over  a  limited  number  of  textual  fields  [4]
(which  fields  are  available  depend  on  the  specific  software  backend),  and  can  conse‐
quently  be  improved  upon.  It  is  expected  that,  by  providing  more  refined  and  robust
methods of searching the large image repositories that currently exist, diagnostic accura‐
cy and efficiency can be improved and more accurate and useful Computer Aided Diag‐
nosis (CAD) tools be devised.

1 Functional Magnetic Ressonance Imaging
2 Multi-detector computed tomography

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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A promising approach to solve the data explosion problem is to integrate computer-based
assistance into the image querying and storage processes. This brings us into the topic of
Content-Based Image Retrieval (CBIR). At its core, CBIR are a set of techniques to extract rel‐
evant pieces of information directly from an image or multimedia object itself with mini‐
mum (ideally none) intervention from a human.

The overarching goals are to improve the efficiency, accuracy, usability and reliability of
medical imaging services within healthcare enterprises by analyzing content extracted di‐
rectly from raw image data.

2. Picture archive and communication systems

In a medical imaging institution, such as a hospital or a clinic, the set of technologies employed
through the processes of archiving, visualizing, acquiring and distributing medical images
over a computer network (see Figure 1) is commonly referred to as a Picture Archive and Com‐
munication System (PACS). PACS have evolved tremendously since when, as early as 1972,
Dr. Richard J. Steckel implemented a minimal imaging system, comprising not much more
than a scanner next to a film developer for digitalization of radiographs, a communication pro‐
tocol to transmit those images and a video monitor to receive and display them [5]. No more
than a proof of concept back then, but fast forward to current days, however, and a properly in‐
tegrated hospital, or an enterprise PACS implementation is now a major undertaking that re‐
quires careful planning and several million dollars of investment [6]. Such investment is often
required since large PACS commonly have to handle more than 20000 radiological procedures
per year each procedure comprising potentially hundreds of distinct images. This means
around 10 Terabytes of imaging information are stored per year [7]. It is in such situations that
Content Based Image Retrieval systems are expected to provide the largest benefits.

PACS are still a very active field of research where the ever-changing requirements and the
desire to provide more efficient services coupled with new ideas. Figure 2 shows a chrono‐
logical view of the different challenges that arose and of some of the problems in which the
research community is currently focusing. The push for CBIR enabled PACS has gained mo‐
mentum since the late 90’s up to the present day, however, even nowadays there are very
few such systems currently powering medical institutions.

2.1. Digital imaging and communication in medicine

A major step in the direction of modern PACS was given circa 1985 with the creation of an
earlier form of what would become the current DICOM standard. This protocol stands as
one of the key protocols involved in medical imaging systems. We can consider it as the glue
that holds the equipment and software developed by multiple companies together. It is an
expansible, object oriented protocol with support for multiple imaging modalities and re‐
spective structured reports that also allows for private data to be embedded in its objects. Of
great importance is the fact that it defines how medical image data and correspondent meta-

Medical Imaging in Clinical Practice4

data is to be stored, retrieved, and transmitted thus enabling communication between devi‐
ces manufactured by distinct entities within a PACS.

Figure 1. Outline of a PACS infrastructure comprising the most common components in an imaging institution

Figure 2. Evolution of PACS research and current trends

Content Based Retrieval Systems in a Clinical Context
http://dx.doi.org/10.5772/53027
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The protocol, first proposed by the National Electrical Manufacturers Association (NEMA),
in 1983, and currently in its third version, was in itself a major contribution to the exchange
of structured medical data [8]. With most available medical equipment providing embedded
DICOM support, large sets of medical data have been produced in the DICOM file format.
DICOM controls proper image display, it allows a large set of image post-processing from
multi-planar reconstruction to the more advanced perfusion analysis, virtual colonoscopy
and volume segmentation. This protocol can also be leveraged to enable a PACS-independ‐
ent way of performing computer-aided diagnosis [9] and knowledge extraction [10]. In prac‐
tice, much of the ease and flexibility radiologists enjoy today at work is due to this protocol.

However, while DICOM is an open standard, it was created with an eye on the future. As
such,  it  is  not  set  on stone and addends are  continuously being added to support  new
services  and  modalities.  DICOM uses  an  object  oriented  approach  and  its  functionality
can be extended. This is of great advantage since it allows bridging CBIR with PACS ex‐
panding on the DICOM protocol proving the extra functionality with minimal changes in
infrastructure.

In DICOM, all data is organized in a patient, study, series and images hierarchy. These are
viewed by DICOM as objects with a set of properties or attributes. The definitions for these
objects and attributes are standardized according to predefined Information Object Defini‐
tion (IOD). We can see IODs as templates for objects describing how each particular data ob‐
ject is constructed from attributes. It is then DICOM's group responsibility to maintain a list
of all standard attributes and ensure consistency in their naming and composition [8]. The
attributes comprise information regarding dates, radiation dosages or any other data of in‐
terest. Even image or video data are encoded within a DICOM object as a particular attrib‐
ute (the attribute (0x7FE0, 0x0010) stands for the pixel data element).

3. Content based image retrieval systems

In its broadest sense, CBIR are systems that help users find similar content to a given image
in large and potentially multi-modal repositories [11]. Even extremely large image archives,
with often limited textual annotations, can be managed by CBIR as it allows navigation by
visual content as opposed to keyword search or the more common form of direct patient/
series searching. An automated approach based on content extraction has the advantage that
it needs no manual tagging of images, the features employed are extracted automatically as
part of the dataflow, and has the potential to discriminate even very fine details that escape
the practitioner. Using information from DICOM Modality Worklists similar studies can be
made available to a practitioner without the need for a manual query. Even in the presence
of textual information (or rich enough DICOM metadata) content-based methods can poten‐
tially improve retrieval by offering additional insight into medical image collections [12]. It
is important to note that, while striving to retrieve similar images, CBIR systems, unlike
CAD systems, do not attempt to provide a diagnosis.

Medical Imaging in Clinical Practice6

3.1. Searching information in content based image retrieval systems

Searching relevant data is a fundamental operation in CBIR. In relational databases the
search procedure is applied to structured data, that is, numerical or alphabetical information
that is searched for exactly. More sophisticated searches such as range queries on numerical
keys or prefix searching on strings still rely on the concept that two keys are, or are not,
equal. In order to guarantee query performance, traditional databases assume that there ex‐
ists a total linear order on the keys which is used to establish indexes over the tables. That
total order is something that does not arise naturally when dealing with unstructured high-
dimensional spaces [13]. However, content-based retrieval relies heavily on similarity quer‐
ies performed over them [14], hence a similarity function can be defined that establishes that
ordering in relation to the source image.

When a query is performed with a source image, every element matches the input with a
similarity value. If performed naively, without resorting to advanced indexing techniques,
the outcome of similarity query is a permutation of all database content. That is, the ele‐
ments are rearranged from the highest similarity value to the lowest [13]. This is a behavior
that is not desirable. Assuming the similarity is properly defined there are two canonical
types of queries that are of interest3:

• Range Query: Where we want to retrieve all elements that are closer than a given distance
to the query content.

• Nearest Neighbor Query: Where we want to retrieve a certain number of the elements
most similar to the query.

In order for a practitioner to perform a search he must provide input to the CBIR. Unlike in
traditional query systems text is not used. Several approaches have been explored:

• Query by example – In this type of query a user merely provides a sample image and,
relying on its analysis, the engine will provide the user with a set of similar images (see
Figure 3).

• Query by region – From an image, the user selects a region of interest comprising the
characteristics he is interested in. It is then up to the CBIR engine to retrieve images that
share those same characteristics.

• Semantic query – A type of keyword query. However, it is not based on existent metadata
but instead relies on mappings between the low level features extracted from an image
and a high-level concept. An example would be a search for “micro-calcifications in a fat‐
ty tissue breast”. Due to its complexity (it is still an unsolved problem) this types of query
are only present in research systems.

• Query by sketch – Instead of using an image as source for a query, the user draws some‐
thing alike what interests him. This methodology has been used to search for works of art
in museums and images in the internet, but we know of no use-case in a clinical context.

3 Other, more complex types of query can be expressed over these.

Content Based Retrieval Systems in a Clinical Context
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CAD systems, do not attempt to provide a diagnosis.
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3.1. Searching information in content based image retrieval systems
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search procedure is applied to structured data, that is, numerical or alphabetical information
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traditional query systems text is not used. Several approaches have been explored:
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relying on its analysis, the engine will provide the user with a set of similar images (see
Figure 3).

• Query by region – From an image, the user selects a region of interest comprising the
characteristics he is interested in. It is then up to the CBIR engine to retrieve images that
share those same characteristics.

• Semantic query – A type of keyword query. However, it is not based on existent metadata
but instead relies on mappings between the low level features extracted from an image
and a high-level concept. An example would be a search for “micro-calcifications in a fat‐
ty tissue breast”. Due to its complexity (it is still an unsolved problem) this types of query
are only present in research systems.

• Query by sketch – Instead of using an image as source for a query, the user draws some‐
thing alike what interests him. This methodology has been used to search for works of art
in museums and images in the internet, but we know of no use-case in a clinical context.

3 Other, more complex types of query can be expressed over these.
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Figure 3. Query by example

3.2. Content based image retrieval systems in a clinical context

The push for the usage of CBIR of systems in a clinical context comes from their success in
other areas where they have been successfully applied to handle large quantities of data. A
recent example is Google’s “search by image”4 functionality that operates according to the
query-by-example paradigm.

Several scenarios exist where medical practitioners can benefit from the use of these types of
system. A key functionality that is of value to radiologists assessing medical images is the
ability to provide them with a set of similar images, already diagnosed, thereby aiding them
in their process of interpretation by quickly providing them with a second opinion. This
proves to be orders of magnitude faster than the current mechanisms provided to manually
browse the archives. The potential for this type of assisted interpretation is motivated not
only by time constrains, but also by the recognition that variations in interpretation between
practitioners, commonly based on perceptual errors, lack of training, or fatigue, do exist
[11]. Significant inter-observer variation has been documented in numerous studies [15, 16].
Besides being a useful clinical tool, it is conceivable its use in an academic context where stu‐
dents can benefit from access to similar, diagnosed, data.

Selecting studies by similarity has another benefit. Considering a large repository, built over
time, some of the retrieved images are bound to of some age. If a medical institution has kept
track of a patient, performing more recent examinations, this data can be very useful to pre‐
dict possible outcomes to an ailment's evolution. Furthermore, DICOM headers may contain
a fairly high rate of errors, for example for the field anatomical region, error rates of 16% have
been reported [17]. This hinders the correct retrieval of wanted images via textual search.

4 http://images.google.com/
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Yet another important and useful outcome of CBIR is the possibility to bridge the semantic
gap, allowing users to search an image repository for high-level image features. For instance
a researcher may be interested in all studies containing a particular type or disposition of
lymph nodes, or query only for images containing a particular feature. This concept expands
on CBIR systems and requires that we establish a relation between the low level features
employed and the high level concepts of a semantic interpretation.

3.3. Features and feature extraction

At the core of each CBIR there is a matching algorithm analyzing the similarity between the
query content and the content stored in the database. However, except for the most trivial
CBIR engines operating on simple content, it is not the actual content that is compared. As
briefly mentioned, features extracted from the source content, are used instead. In the case
of images, pixel by pixel comparisons are not commonly performed due to, not only to the
computational effort involved, but also because such comparisons lacks any type of seman‐
tic meaning, are dependent on resolution and often are very sensitive to small changes. Fur‐
thermore, it is not clear which pixels from the one image correspond to pixels in another
image. That said, a feature is simply a relevant piece of information, a synonym for an input
variable or an attribute of an image [18], usually much smaller in size than the original data.

Thus, when there is a need to cope with large datasets, such as the ones present in medical
repositories, or to deal with large inputs where most information is redundant or irrelevant,
as is the case with some images, the analysis is commonly preceded by a pre-processing
stage that provides a reduced representation of the original data. This step is called feature
extraction and is of crucial importance for any CBIR currently deployed, as content match‐
ing operates by comparing features and only the features are indexed.

Using a feature based approach to image analysis brings several advantages to CBIR sys‐
tems. Besides reducing the size of the input data, thus providing great performance im‐
provements to the matching algorithms, its reduced representation also translates directly in
a smaller storage footprint. Of great importance is that, by discarding redundant or useless
information, some features can generalize a concept and allow predictive models to become
both more general and accurate. Some features also map well into high level concepts (cir‐
cles, nodes, shapes, nodes) and help bridge the semantic gap.

Generally a feature is represented by a set of values that can be organized into a vector. The
global entropy of an image is a single real value but, on the other hand, a normalized inten‐
sity histogram or a texture descriptor can be understood as a n-dimensional vector where
each index contains the probability of a pixel having an intensity value equal to that index.

In most CBIR systems, a single feature is very often not enough to fully represent the image
in a way that makes possible to perform relevant queries. The usual approach is then to ex‐
tract multiple features from the image and merge them into a single vector, canonically
called the feature vector. The set of all possible feature vectors constitutes a feature space.
Depending on the features, this can be a space with a very high dimensionality.
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The types of features that can be used when designing a CBIR system are essentially limit‐
less and new methods are continuously devised. However most features relate to the origi‐
nal image in a way that can be categorized as presented on table 1.

Criteria Type Description

Level of abstraction Low level Visual cues, such as color or texture extracted directly from the

raw pixel data without any a priori information. Examples are

edges, corners, contours, brightness histograms.

Middle level Regions or blobs obtained as result from image segmentation.

High level These types of features contain semantic information about the

meaning of an image or the object represented. Usually require

knowledge of contextual information and very often imply the

use of a classification step. An example would be the number of

cars present in an image or the location of nodes in a

mammography.

Scope Local Features of this type describe a localized region of the image

and are usually computed around interest points. A widely used

method that uses these types of features is the scale-invariant

feature transform.

Global Global features comprise information that somehow relates to

the entire image. Image entropy is such a feature as is the color

histogram.

Representation Photometric These are features that explore color and textural cues taken

from raw pixel data. A relevant example is Gabor texture

descriptors.

Geometric Instead of relying on color they employ shape-based cues, most

features based on contours are of this type.

Domain Binary An on/off type of feature

Categorical Instead of having values in a numeric domain this features of

this type are aggregated in categories. Usually high level

features are also categorical.

Continuous Features of this type are represented by a continuous value or

vector. Numerical features such as entropy are usually of this

type.

Structural Where the feature is represented by a graph employed by

structural descriptors based on segmentation.

Vectorial Sets of continuous values that are related amongst themselves

such as histograms, space-based shape descriptors or centers of

mass of clusters.

Table 1. Feature taxonomy
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The relevancy of a feature is, however, highly dependent on the domain of the problem.
This brings the problem of what features should be selected or are relevant in a given con‐
text. Namely, what features should be used to perform efficient CBIR in a medical environ‐
ment where multiple modalities are in place? This is a topic of great interest nowadays and
the subject of intensive research.

3.4. Similarity

Due to the unstructured nature of content in images, CBIR systems eschew exact matching
and rely instead in nearest neighbor or range queries based on a similarity function. Hence,
one of the most important tasks in both the research and development of CBIR systems is to
properly define that similarity. Implicitly, one person has a clear notion of whether any two
objects or images are similar. Even so, humans are also very much subject to subjective opin‐
ions and those can vary wildly. Nonetheless, when searching for reasonable similarity meas‐
ures, the most obvious place to look is at the human similarity assessment. After all, when a
user searches for something similar, he already has in mind his own concept of similarity,
whose form is doubtlessly quite different from the metric spaces (such as the Euclidean) typ‐
ically used for feature vector comparison. The similarity used by the CBIR systems should
then be as similar as possible to the human concept of similarity if the results of the search
are to be satisfactory [19]. Algorithmically modeling that behavior thus requires that the in‐
ternal image representations closely reflect the ways in which users interpret, understand,
and encode visual data. Finding suitable image representations, based on the types of fea‐
tures described previously is an important step towards the development of effective simi‐
larity models [14]. However, creating such algorithmic functions is complicated due to the
fact that there is no single model of human similarity. Furthermore a user may have in mind
a very specific type of similarity or criteria he is interested in. For instance, in a radiology
setting, a practitioner may wish to place more emphasis in finding mammographs sharing a
certain disposition of micro-calcifications rather than those containing the same tissue type
or having a similar breast size.

Combining multiple representation models can partially resolve this problem. If a retrieval
system allows parameterized or multiple similarity functions, the user should be able to se‐
lect those that most closely model his or her perception [14]. This is not a trivial problem to
solve by any means and similarity selection functionality is hardly present in current medi‐
cal CBIR. In fact such feature is lacking in even most CBIR systems. However, within a med‐
ical institution often exist multiple modalities and the DICOM protocol offers support for all
those types of distinct imagery.

3.4.1. Similarity measures

Of crucial  importance  in  a  CBIR system is  the  design  of  the  similarity  metrics  used to
match a query to the database feature vectors. Mathematically we can define these metrics
as a function f (x,x’) that takes as arguments the set of features belonging to two distinct
images and returns a value from an ordered set  (such as the set  of  real  numbers).  This
sorting embodies the idea that some images look more like the query than others and al‐
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low a  content  engine  to  return,  not  only  the  closest  match,  but  a  bundle  of  images  ar‐
ranged by similarity thus increasing the probability that the user has of finding what he is
looking  for.  Typically,  smaller  values  correspond to  higher  similarity  although that  de‐
pends, of course, on the specific function being used. The similarity measures employed
in CBIR systems are deeply tied with the representation of the features extracted by the
system. We now present some of the most applied functions.

• Vector distance – One of the most common similarity measures. A function of two feature
vectors is defined over the feature space. These are often applied due to their conceptual
simplicity. Simpler distances, such as the Euclidean, are also quick to compute, however,
that is not always the case, other measures such as the EMD5 or statistical distances can
have significant complexity.

• Shape based – These are used when features consist of points delineating a shape boun‐
dary. The similarity between shapes is defined in terms of the transformations required to
transform a shape into another.

• Structural/Graph matching - A class of similarity measurements that apply when the ex‐
tracted features are represented by a graph. The similarity can be computed by an attrib‐
uted graph-matching scheme such as relaxation schemes or combinatorial algorithms.

• Classifier-based - These classifiers employ machine learning techniques to classify the
image as pertaining to a set of predetermined labels. This scheme does not follow the con‐
cept of a similarity function, however, in most systems the label obtained is merged with
the existing feature set and a vector distance metric is subsequently applied.

In table 2 we find a list containing some of the methodologies employed for similarity meas‐
urements in various CBIR projects.

3.4.2. Relevance feedback

While  CBIR systems should operate  in  a  transparent  manner,  in  order  to  increase  their
overall accuracy it can be desirable to allow a user to relate back to the system which re‐
sults are actually relevant. Relevance feedback is the process of automatically adjusting an
image query using the information provided from the expert on previously executed quer‐
ies [20]. A way to achieve this goal is to expose to the user an interface that allows him to
provide feedback on the relevancy of the results on a per-image basis. A new query can
then be executed in order to replace non-relevant results and the feedback loop is repeat‐
ed many times until the user is satisfied. A key issue is in how to effectively utilize the
feedback information to  improve the retrieval  performance.  This  aspect  depends on the
particular implementation of the CBIR given it modifies the way the similarity computa‐
tion is  performed and several  methodologies have been explored. An overview of these
mechanisms can be found in [21].

5 Earth Mover’s Distance
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3.5. Indexing and performance

When the number of images in the database is  small,  as is  often the case with research
systems, a sequential linear search across all elements can provide an acceptable perform‐
ance. However, with large-scale image databases, such as the ones present in medical sys‐
tems,  more  efficient  query  mechanisms  become  a  necessity.  The  search  task  can  be
significantly improved by relying on multidimensional indexing structures. Like tradition‐
al databases, the indexing of an image database should support an efficient search based
on the extracted features.

The basic idea behind any indexing procedure (figure 4) is a hierarchical division of space
that increases the lookup speed by removing the need to sift the entire feature space o ob‐
tain the desired resuls. Due to the nature of CBIR queries, which require quick lookup of
the nearest neighbors to a data point in the feature space, the indexing structure must pre‐
serve locality.

Figure 4. Indexing a feature space

The most popular class of indexing techniques in traditional databases is the B-tree family
which provides very efficient  searches when the key is  a  scalar.  However,  they are not
suitable to index the content of images represented by high-dimensional features. None‐
theless, multidimensional indexing techniques exist.  There are a large variety of multidi‐
mensional  indexing  methods,  which  differ  in  the  type  of  queries  they  support  and the
dimensionality of the space where they are advantageous.  The R-tree [22] and its  varia‐
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tions are probably the best-known multidimensional indexing techniques in general pur‐
pose content retrieval engines. Other approaches are the k-d tree and variants such as the
R+-tree and the R*-tree [23].

If a similarity function is at the same time a distance, and thereby a metric to the feature
space, a distinct set of methods that operate in a metric space are available. These meth‐
ods rely only on the definition of the distance function and make no other assumptions.
Hence  they  prove  to  be  very  general  indexing  structures.  A study on  such  methods  is
available in [13] and [24]. One reason these types of data-structures are not more perva‐
sive in medical CBIR is that research is still  being conducted on how to provide mecha‐
nisms  in  Database  Management  System  (DBMS)  that  allow  users  to  easily  incorporate
them into search engines.

3.6. Architectural overview of content based retrieval engines

Taking into account the presented requirements and operations for CBIR systems, in figure
5 we show how a generic architecture to a PACS-aware CBIR architecture can be designed.
In this architecture the CBIR engine operates outside the PACS repository. This guarantees
the integrity of the imaging repository and allows clinical operations to proceed should the
CBIR engine fail.

Figure 5. General architecture of a PACS enabled CBIR system

The frontend is the component in charge of receiving similarity requests. Such requests can
be triggered manually, by a practitioner, or by analyzing DICOM’s Modality Worklist. It re‐
plies to the requests with a list of DICOM files to be retrieved which are similar to the source
image of the request.
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The Feature Extractor component’s, main responsibility is, like the name indicates, to extract
the relevant features from an image. This behavior is triggered during an initialization pro‐
cedure, when analyzing images from the PACS repository, or upon the creation of new im‐
ages by the modalities. The extracted features are then passed to the Feature Database which
indexes them and allows for fast nearest neighbor queries. The last major component, the
similarity engine comprises the set of metrics and similarities that can be applied.

3.7. Review of CBIR applications

Most radiological CBIR applications are still in a conceptual or research stage. In table 2 we
present a brief listing of such systems together with the most important aspects present in a
CBIR. This table is based on a similar, more complete table presented in [11].

The features column is arranged in three categories: General, Mixed and Specialized. Gener‐
al features are low and middle level features, extracted from the image with no a priori do‐
main specific knowledge and typically extracted with no user input. Mixed features
comprise both general features and extra annotations, whether provided from a practitioner
or extracted from other sources. Specialized features rely on specific knowledge about the
nature and type of the dataset and are typically not automated requiring an expert to pro‐
vide extra information such as regions of interest.

Ref Features Similarity measures Relevance feedback PACS Integration

[25] General Classifier-based Yes No

[26] General Classifier No No

[27] Mixed Classifier No No

[28] Mixed Vector distance No No

[29] Specialized Classifier No No

[30] Specialized Structural No No

[31] General Vector distance No No

[32] General Classifier No No

[33] Mixed Vector distance No No

[34] Mixed - No Yes

Table 2. Overview of medical CBIR systems

Of the presented systems, only [34] focuses specifically on PACS level integration, however,
only the concepts and methodology are discussed.

4. Dicoogle

We have developed Dicoogle6, an open-source PACS with support for data indexing, peer-
to-peer communication and CBIR functionality. This tool complements, and may even re‐
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place a traditional PACS server and enhance it with a more agile indexing and retrieval
mechanism [35]. Besides providing basic DICOM services such as Storage and Query/
Retrieval, Dicoogle can automatically extract, index and store all metadata present in a DI‐
COM header (including data present in private data elements). The indexed data can then
be queried using free text. A more advanced search mechanism is also provided using a rich
query language based on Lucene’s syntax. This syntax has support for element selection, nu‐
merical and range-based search, wildcard expansion and Boolean operators such as AND,
OR and NOT. As a data-extraction tool, Dicoogle has been used in several small to medium
imaging institutions. For instance, in [36] Dicoogle was used to demonstrate several incon‐
sistencies in the handling of some DICOM attributes by the modalities and to perform a
study on the radiation dosage of the patients handled at the site.

Recently, Dicoogle was extended to support CBIR over a DICOM image repository using a
query-by-example paradigm (see figure 6) and following the architectural considerations ex‐
posed on the previous sections.

Figure 6. Dicoogle's Query by example results

6 http://www.dicoogle.com
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4.1. A profile-based approach to CBIR in a medical context

In the context of multi-modality institutions each modality has distinct criteria to evaluate
similarity. Structures identifiable in CT scan images likely have no meaning in the context of
mammograms. Similarly, a feature set apt to describe an image within a context of a modali‐
ty can be entirely useless in another. Likewise for the functions that express the similarity
from those features. In a multi-modal environment it seems a needless imposition to use a
single set of features and a single measure for similarity, independent of context. Particular‐
ly since feature sets coupled with similarity functions can be used to highlight different as‐
pects of an image. In the context of mammographies there is a tendency to focus on micro-
calcifications to provide the relevant similarity rather, than, for instance, tissue type or size
of breast.

Therefore we’ve separated the similarity metric from the feature extraction process and pro‐
vided the user with the concept of “CBIR profiles”. A profile contains information on the
metric to be used and which features are required to apply it. A profile also contains hints to
the indexing mechanism to limit the search space and on which modalities it can be applied.
Profiles can be automatically selected using data provided by the DICOM header. Using
profiles our CBIR engine allows a practitioner to specify what is of interest to him and fine
tune the query if required. In figure 7 we show the dataflow of Dicoogle’s CBIR engine.

Figure 7. Flow diagram of the interactions between the distinct components of Dicoogle CBIR

5. Challenges and opportunities

In spite of its success in other areas, CBIR is still not a widely deployed technology as a deci‐
sion support tool. It is the author’s opinion that this is currently due to both a lack of inte‐
gration with the standards that operate through medical institutions, as well as from the
stringent requirements that must be fulfilled when operating in an area as critical as the
health-care industry. Nonetheless, these types of systems provide enough benefits to the
practitioner fully justifying the effort and research applied towards their implementation.
Moving towards a clinically useful CBIR in radiology will, however, require a concertated
and multi-disciplinary approach. We now point out some challenges that arise from both
the general topic of CBIR and its integration with the medical imaging infrastructures.
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• PACS and DICOM integration. We proposed an approach that complements a PACS by
externalizing the CBIR and interacting through the DICOM protocol. However, in this ap‐
proach, third party tools are limited to images pushed to them through the DICOM C-
Move operation. This needlessly hampers the possibility of cooperation between
applications as third party tools are either passive, must conform to a private API or must
implement themselves an indexing and similarity mechanism.

• Enabling multi-dimensional database systems. Several studies exist on how to perform
multi-dimensional indexing. However, databases that natively provide support for index‐
ing multi-dimensional data-points according to an arbitrary similarity function and able
to cope with large, dynamic volumes of information are, to the best of our knowledge, in‐
existent. This leads researchers and application developers resorting to either implement
indexing mechanisms atop relational databases or to completely ignore the problem and
focusing on the other aspects of a CBIR.

• Multi-modal data integration. To rely exclusively in pixel data imposes some limits to
CBIR systems, not only in the medical arena. Gathering information from multiple sour‐
ces, such as demography data of a patient from the Radiology Information System, and
combining it with the extracted data has the potential to further improve clinical CBIR. A
further step forward will be to move from single image analysis and retrieval and merge
information from the multitudes of sources that may be present in a DICOM study. Com‐
bining this information is not trivial due to missing information, the heterogenetic nature
of the data and the problems involved in relating a set of images to another in a meaning‐
ful way. This will allow CBIR engines to move to a study-based paradigm, the most com‐
mon unit of search for practitioners in most modalities. Tackling this problem is likely to
have the biggest impact in a clinical environment [37].

• Lack of a Gold Standard for CBIR. It is currently not possible to compare the perform‐
ance across different medical CBIR systems. Not only their respective application domain
and specific goals differ, but there is a lack of a common Gold Standard. The Image‐
CLEFmed7 is one of the few platforms to evaluate and compare different systems. Other
public datasets exist with annotated data, however, the fact they are scattered and the an‐
notations provided do not follow any particular structure makes them cumbersome to
use. To access the research effectively, task-related standardized databases on which dis‐
tinct groups can apply their algorithms are needed. Cooperation with clinical experts is a
necessity to provide the necessary relevancy assessments.

• Towards semantic search. Much emphasis is being placed on automatic and assisted con‐
cept extraction. This effort is directed towards bridging the semantic gap and further in‐
crease the accuracy of CBIR systems [38]. An advantage of a CBIR operating in the
medical field is that semantics in the medical domain are much better defined and there is
a vast accumulation of formal knowledge representations that could be exploited to sup‐
port semantic search for any specialty areas in medicine [39].

7 http://www.imageclef.org/
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This idea expands on CBIR systems and requires that we establish a relation between the
low level features employed and the high level concepts of a semantic interpretation. Sever‐
al strategies currently under study are the following [38]:

• Usage of object ontologies to define high-level concepts

• Employ  machine  learning  concepts  to  perform  the  association  between  features  and
concepts

• Rely on users and perform relevance feedback for continuous learning

• Generate semantic templates (profiles) to support the association

• Rely on the meta-data or other textual information provided by the user

The major functionality enabled by semantic search is the advanced textual queries that can
be provided to a practitioner. For example, queries such as “show me blood smears that include
polymorphonuclear neutrophils”8 should become a possibility.

6. Conclusion

In this chapter we’ve exposed the some of the most common methodologies employed in
Content-based Image Retrieval and provided an overview of the state of such systems in a
clinical context. We pointed out how CBIR, being a query mechanism more adapted to the
workflow of a radiologist than the traditional string matching present in DICOM, can help
improve diagnosis speed and accuracy in a clinical context.

It was shown how the creation of accurate and performing CBIR systems in a clinical context
is a task hard to tackle, ripe with non-trivial challenges that arise from a multitude of factors
such as the need for integration with currently deployed PACS, the need to handle multiple
modalities and cope with stringent performance requirements.

Furthermore, we presented Dicoogle, our approach to bring CBIR to DICOM enabled PACS
systems relying on a profile-based approach.

The goal of CBIR systems is not to replace the practitioner or, unlike CAD tools, provide au‐
tomated diagnosis, but to empower the expert with tools that allow for faster and more ac‐
curate diagnosis in a workflow adapted to his needs.
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1. Introduction
Although some, diseases seen among children and infants are similar to those in adults, di‐
agnostic imaging of these category of patients can both be interesting and challenging.
Paediatric imaging therefore requires specific training and certification that gua rantees ap‐
plication of thorough knowledge, expertise and a variety of dedicated or adaptable equip‐
ment. This is hardly the case in many countries; where there may not be sub specialty
training in paediatric imaging and practice may not have specific requirement except inter‐
est in children. Historically, there are few recruitment training centers for paediatric imag‐
ing specialists, and this area appear to be one of the least subscribed of all radiology sub
specialities. It is also difficult, to establish quality imaging service for children defined as ' A
service where the child is examined and diagnosis made by specialists with appropriate ex‐
pertise, is imaged using dedicated facilities and equipment and where the child is at the cen‐
ter of all decisions made' (Report of National Imaging Board, NHS).
It is important to recognise that children are increasingly irritable and unusually aware of
strangers and unfamiliar environments. This presents a huge challenge for the radiographer
or the clinical care personnel who must try to gain the child's trust and co-operation before
and throughout the duration of an examination. This can be a daunting task in children who
may both be ill as well as experiencing pain. Coercion and support from parents is usually
enough to achieve this, but in some extreme cases (such as MRI and CT), it may be necessary
to sedate the child. Even with a quality examination, the accurate interpretation of diagnos‐
tic images, also requires a deep knowledge of the intricate and dynamic face of anatomy and
some peculiarity in pathological presentations.
This paper seeks to draw attention to the peculiarities of Paediatric Imaging and the need to
encourage expertise in this area.
Challenges of paediatric imaging can be discussed as follows:
This chapter will be divided into 3 Major Areas namely service delivery, technical peculiari‐
ties and Clinical Applications.
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2. Service Delivery

2.1. Lack of Specialist Training

Inspite of the vulnerability of this category of patients and obvious need for specialized di‐
agnostic services, there are few training centers or programs dedicated to Paediatric imag‐
ing. In Nigeria, there is no specialist training for would be paediatric radiologist, outside the
regular fellowship. In some countries like Switzerland, a two year sub specialty Fellowship
and certification is available for Radiologist, but nothing specific for Radiographers and
Imaging Technologists. There is evidence that enrollment and popularity of paediatric imag‐
ing as a speciality is low in United States and Europe. In the United Kingdom, all radiology
trainings programs include core paediatric experience, and full adaptation can be achieved
after a 6 months of pediatric focused training. Alternatively, a paediatric consultant may
need up to 1 year training in radiology, but the short period of rotations during residency is
usually not enough to provoke sufficient interest in this category of practitioners.

Among Radiographers, there is no recognition of Pediatrics as an area of specialty or profes‐
sional registration for pediatric Radiographers. There is no formal training programs dedi‐
cated to this area, or career pathways or incentives for Specialist paediatric radiographers.
The picture appears to be replicated in most African and SubSaharan countries where lack
of manpower may further inhibit the development of this potentially important specialty.

2.2. Lack of Dedicated Children Imaging Centers

This challenge is almost similar to the one earlier described. In practice, there is a wide var‐
iation in the provision of specialist imaging centers with services tailored specifically for the
children. According to an NHS report, majority of routine, emergency and trauma imaging
takes place in district hospitals, equipped with variable degree of local expertise.

2.3. Specialized Equipment

Imaging equipment and facilities suitable for use by children and toddlers require some spe‐
cialized features. Sometimes, these equipment may differ from the premature to the adult
sized teenager. Equipments that are easy to manipulate, while allowing fast acquisition of
diagnostic information is the gold standard.Where necessary, image viewing and workflow
stations allow fast transfer of images to PACS, for easy reporting and audits by radiologists.

2.4. Environment

Children require stimulating environments that easily catch their attention and make them
less suspicious of strangers and their intentions. The environment should usually be friend‐
ly and tailored to make the child patient feel relaxed. For instance, the walls should have
bright colors, with paintings and designs as well as images with toys, play characters, car‐
toons and toys.
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Provision to allow children run around, play and use murals and stencils can be of immense
use.

The designs can also be such that allows a lot of natural lighting into the room. This can be
achieved with glass panels and windows and special lightings.

2.5. Safety and Radiation protection

With the advent of CT and fluoroscopy, the amount of radiation doses available to paediat‐
ric patients has become increasingly significant. Consequently, issues of radiation protection
are more stringent in paediatric imaging and both local rules and international standard
must be maintained.

It is recommended that low dose imaging systems be deployed using digital detection com‐
ponents, optimized for paediatric use to ensure dose reduction.

Imaging systems that are ultra fast are often needed to reduce the time of investigation
while optimizing image quality, and this comes with a huge financial burden to hospital au‐
thority, since they cost higher. It is also important to ensure the physical safety of the child
while in the department.

2.6. Extended Work Hours

The need to have immediate intervention in children especially following trauma and emer‐
gencies, may necessitate the extension of working hours and off peak availability of person‐
nel. This means placing Radiographers and Radiologists with pediatric experience on call, to
handle such cases. This obviously places most departments under work pressure to keep
this category of workers.

2.7. Quality Assurance

The need to obtain images of optimum quality requires that the imaging equipment function
to their maximal capacity. Diagnosis of many paediatric ailments depend on exquisite dem‐
onstration of anatomical detail, and subtle changes. Quality assurance programs are tailored
towards ensuring optimum performance, often requiring constant calibration of these
equipment.

Double check protocols are necessary to ensure there is no missed diagnosis, through proper
clinical audits.

2.8. General Guidelines for Paediatric Imaging Departments

The standard protocols should be adopted as a general rule:

1. There must be a clinical justification for any imaging procedure

2. The clinical benefits should outweigh any potential risk

3. When possible, children should not be examined with facilities dedicated to adults

Challenges and Peculiarities of Paediatric Imaging
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4. The protocols for each investigation must be specific and tailored to meet individual pa‐
tient situations.

5. Service hours and sessions must be sufficient to cover both booked and emergency cases.

6. Radiation protection services must be available and optimization principles such as
ALARP (As Low As Reasonably Practical) should be applied.

7. There should be care providers with sound understanding of the anatomical and patho‐
logical processes in the paediatric age group.

8. A thorough knowledge of various diagnostic and imaging techniques by practitioners, in‐
cluding indications, contraindications and complications.

9. Knowledge of the advantage as well as limitations of each imaging modality, is necessary
to make informed choice and guide clinical management.

10. Good communication and interpersonal skills are needed to deal with children.

11. Access to interventional and emergency care must be ensured at all times.

12. All protocols must take into consideration, the personal or physical safety of the children
while in the imaging department.

3. Technical Peculiarities

Conventional X-ray

There are existing policy guidelines regarding acceptable quality and criteria for diagnostic
radiography in the pediatric population. Such guidelines like that of the European Commis‐
sion, sets out to ensure the triple objectives of producing adequate and uniformly accepta‐
ble image quality, providing accurate radiological interpretation of the image and using a
reasonably low radiation dose per radiograph. A typical guideline will take into account a
specific image criteria, taking into consideration anatomical, patho-physiological, size and de‐
gree of cooperation expected of a child. It will emphasize good Radiographic technique and
patient dose limitations. The general requirements include but not limited to the list below

1. High quality images produced by computed or digital radiography is recommended, so
that exposure factors can be optimized and repeats are avoided.

2. Films of high contrast and capable of yielding high resolution images are recommend‐
ed.

3. Low absorption cassette or image plates, grids, tabletops should be used. While the use
of grids may often be unnnecessary, the introduction of digital or computed Radiogra‐
phy has reduced the use and importance of some of these accesories)
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4. Exposure Parameters should be stringent, with appropriate combination of KV, MA
and Time. Due to a likelihood of motional blur, short exposure times is compensated for
by slight increase in KV and MA.

5. The technique with positioning, centering, collimation, side markers, image identifica‐
tion, restraining methods are carefully chosen.

6. There should be proper collimation devices with fine focus techniques necessary to re‐
duce radiation dose without loss of detail. Protective radiation shields should be used
whenever necessary.

7. Radiographs should show both soft tissue and bony detail.

8. Comparison films are often necessary to make accurate diagnosis.

9. Where possible, effort should be made to produce the area of interest with minimal pro‐
jections. For example, A single projection showing chest and abdomen would be pref‐
erable in an eight month old baby, rather than two view of the chest and abdomen
respectively.

10. In acute injury, two projections ( Ap and Lateral) should be done as an emergency.

When necessary, radiographs may be obtained under mild sedation especially in the very
uncooperative patient.

Due to the increasing radiation sensitivity of children compared with adults, balancing radi‐
ation protection with image quality is of utmost importance. The dynamic face of the imma‐
ture growing and partially ossified skeleton, requires experience and good knowledge of the
radiological image and developmental variants. Radiation protection should also follow al‐
ready made guidelines like the ICRP draft report consultation on ' Radiological Protection in
Pediatric diagnostic and interventional Radiology' published in the Annals of the ICRP ref
4839-3982-4649 of May 2011 (readers are encourage to view this document for further details).

Paediatric MRI

MRI in children is performed under a variety of settings including neurological, cardiac,
musculoskeletal as well as for diagnosis and follow up of malignant disease. The major chal‐
lenges in imaging children with MRI stem from the following

A. Peculiarity of anatomy

The relatively smaller anatomic structures in children create a challenge in terms of availa‐
ble signal as well as limit of resolution.

These anatomical structures which are smaller than the adult such as inner ear, cranial
nerves, brachial plexus, biliary tree, peripheral joints and blood vessels require high resolu‐
tion. In other words, imaging these structures require high signal to noise ratio. This scener‐
io becomes even more significant in the presence of anomalies or congenital defects, as well
as the changing face of structural developments.
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This can be achieved with high field strengths, acquisition of thinner slices and improved
spatial resolution.

B. Evolving development.

The anatomy in children appear to be evolving as they develop and mature. This is true
with cerebral imaging where the corticosulcations, patterns of myelination change rapidly
as the child matures. At birth, the water content of brain tissue is significantly higher than
that of adults. The abundance of Hydrogen molecules from water and the lack of commen‐
surate fatty signals requires an increase in TE on T2- weighted imaging to achieve good con‐
trast. Also visualization of joints should take into consideration changes in the growth of the
epiphyses and and apophyseal cartilage.

C. Patho- Physiological challenges.

The rates of acquisition of images, contrast injection rates may be influenced by physiologi‐
cal changes. For instance, the heart rate, pulse rate, breathing and blood flow rates are differ‐
ent in neonates, necessitating shorter times for image acquisition. Children may also find it
difficult to hold their breaths and this may introduce artefacts during the image acquisition
process.

It is often difficult to perform an exhaustive clinical examination in children and symptoms
may be vague and non- specific. Consequently, MRI request can frequently be non- specific,
making the choice of protocols and modification in techniques more cumbersome.

D. Behavioral challenges

Children are increasingly aware of changes in their environment and less likely to co-oper‐
ate with strangers. Some MRI studies require a reasonable period of cooperation and calm.
This poses more difficulties on the time and energy of the staff. To achieve cooperation, the
child may be sedated or given general anaesthesia, thereby increasing the inherent risk and
often requiring staff with requisite skills.

E. Safety

The thermoregulatory mechanisms in children are poorly developed and children have high
basal temperatures, thereby exposing them to higher risk of radiofrequency heating effects.
This becomes magnified by the relatively higher surface area to weight ratio in children, in‐
creasing the area exposed to RF heating with a concurrent reduction in heat dissipation. The
implications of the high specific absorption ratio (SAR) from MRI in children is unclear, but
the need for close monitoring in the critically ill child cannot be over emphasised. Further
safety concerns stem from possible side effects of anaesthesia like nausea, vomiting, drowsi‐
ness, agitation which are exaggerated in the pediatric population.

Generally speaking several issues come to mind

1. Improving signal to noise ratio requires higher field strengths (up to 3T)

2. Achieving the above also means more expensive hardware and sophistication in techni‐
ques
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3. The use of greater field strength means better spatial and temporal resolution with al‐
tered T1 contrast ( longer T1 and T2 relaxation times).

4. The likelihood of artifacts are higher especially for cardiac and abdominal imaging.

5. The SAR ultimately increases due to higher fields strengths in addition to introductio of
B- field inhomogeneities.

6. Chemical shift, motion and susceptibility artefacts are increased.

7. Safety issues become more stringent as the field strength increases.

Due to the absence of radiation exposure, whole body MRI is considered a useful sequence
in the evaluation of children with systemic abnormality or bone metastases.

Some general rules to achieving a successful MRI in children would include engaging them
to become aware and participate in the procedure, allowing considerable distractions with
audiovisual aids, puzzle tasks and relaxation breathing techniques. In addition to this, con‐
scious effort to separate intravenous cannulations from the main MRI exam as well as care‐
fully planning the sequences and protocols to include only the necessary ones are
techniques that ultimately help.

3.1. Paediatric CT

There are general concerns about the amount of radiation exposure from paediatric CT due
to the radio sensitivity of developing and immature tissues in children. Evidence abound to
prove that pediatric CT will result in significantly increased lifetime radiation risk for cancer
over adult CT, due to increased dose per milliamperes second and the increased lifetime risk
per dose. There are also issues with who makes appropriate decisions for the referral of chil‐
dren, clinical benefit of the procedure, dose information and poor knowledge and compli‐
ance to laid down guidelines.

In a particular survey, there is poor compliance to guidelines in imaging children with torti‐
collis, ventriculoperitoneal shunt and sinusitis. Sometimes, unnecessary examinations may
be seen in cases of uncomplicated headache, suspected Pulmonary embolism, pre- op chest
survey, and in the evaluation of appendicitis.

The use of Helical CT techniques for volume acquisition during CTA (CT Angiography), al‐
so has several challenges in children. To perform successful CTA's in children, factors like
reduced contrast volume, injection rates, timing of scans, radiation dose minimization and
breath holding abilities must be considered. For most indications, helical CT of the chest us‐
ing low dose techniques provides adequate image quality without a significant loss of diag‐
nostic information. Modifications in equipment design has allowed optimization of scan
parameters to achieve desired results. These include reduction in the rotation time (0.4 to
0.5seconds), reduced detector coverage commensurate to body size, reduced slice thickness
and pitch especially with multiple slice facility. Others are reduced field of view (FOV), KV
and use of smart MA/ auto MA options to optimize exposure levels.
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be seen in cases of uncomplicated headache, suspected Pulmonary embolism, pre- op chest
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The use of Helical CT techniques for volume acquisition during CTA (CT Angiography), al‐
so has several challenges in children. To perform successful CTA's in children, factors like
reduced contrast volume, injection rates, timing of scans, radiation dose minimization and
breath holding abilities must be considered. For most indications, helical CT of the chest us‐
ing low dose techniques provides adequate image quality without a significant loss of diag‐
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When used, CT facilities should be equipped to accommodate ventilated neonates and ap‐
propriately trained medical and nursing staff must accompany such patients.

3.2. Paediatric Ultrasound

The procedure for paediatric ultrasound does not differ significantly from that of children.
Equipment and facilities may not differ significantly except for the choice of transducers.
Most ultrasound machines come with options for paediatric probes. This is especially true
for transcranial and cardiac work. Most paediatric probes would be relatively smaller than
adult probes and may have adjustable usually higher frequencies to cope with various
depths and patient needs. The compromise is usually between the degree of penetration and
resolution required for each case.

Patients may either be awake or sleeping, but there is usually no need for sedation in most
circumstances.

Ultrasound is relatively safe with no risks of radiation, cheap and readily available. Ultra‐
sound scans may be repeated over and over again, without any significant risks. The chal‐
lenges for the care giver is similar to that in most other modalities; getting the cooperation of
the child.

A warm friendly environment, good interpersonal skills will help the sonographer perform
the investigation with ease. The practice of warming the gel and towels is often desirable for
the child patient. The cooperation of the parents or guardian is usually solicited as this helps
the child to remain calm during the investigation. As a general rule, most pediatric ultra‐
sound scans are performed in the presence of accompanying adult.

For neonates in intensive care units, portable scanners may be used, equipped with transduc‐
ers with various frequencies, and Doppler to perform the investigation at the bedside. Spe‐
cial care and aseptic procedures must be maintained to prevent risk of infection to infants.

The general rule is to get an ultrasound whenever possible, as it can be repeated over and
over again.

4. Clinical Applications

The clinical implications of the above challenges are highlighted below for the various re‐
gions.

Pediatric chest: The chest radiograph is the most common imaging technique employed for
pediatric thoracic abnormalities. Pediatric chest radiography presents peculiar challenges
due to the wide range of tissue densities present in the thorax. This is complicated by the
need to minimise radiation dose, the varying thoracic sizes, difficulty in achieving inspira‐
tion and likelihood of motional blurr. The continous improvement in screen- film technolo‐
gy and development of digital systems produce a wider dynamic range and linear response
to xray exposure. This ensure that useful images can be obtained in a wide latitude of expo‐
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sures and digital processing allows adequate contrast and detail to be achieved. This means
a better control of radiation exposure as repeats are almost eliminated. The neonatal chest
radiograph will most undoubtedly include portions of the abdomen and appendicular skel‐
eton. The ABC approach typically is to examine the whole radiograph and not just the chest.
This can be put in this simplified format

A- Abdomen region is examined for abnormal gas patterns, calcification and situs

B- Bone to exclude fractures, metabolic diseases eg rickets or definite bone lesions

C- Chest for position of the mediastinum, cardiac size and contours, vascular markings, ab‐
normal air spaces, pneumothorax or atelectasis, determine positions of central venous line,
umbilical venous catheter and endotracheal tube, pleural effusions.

In addition, soft tissue appearance to exclude abnormal swellings, or loss of body mass like
in malnutrition and wasting states. Rapid advancement in imaging technologies has wid‐
ened the opportunities provided to more specifically explore pathologies of the chest by the
introduction of CT, MRI, PET CT. In conjunction with tremendous input of digital techni‐
ques has improved acquisition of morphological and functional information regarding the
chest. Helical CT scans allow short acquisition times, reduce motion artefacts and with dy‐
namic contrast injection can produce remarkable information of the thoracic bony cage as
well as vascular and pulmonary architexture, simultaneously.

MRI holds a high promise in the evaluation of thoracic disease. It has ability to clearly dis‐
tinguish between mediastinal fat, blood vessels and soft tissues. Cardiac anomalies, media‐
stinal masses, and chest wall lesions can be delineated with MRI. The emphasis on the
possibility of acquiring dynamic and functional information of the lungs has led to introduc‐
tion of many techniques such as Functional MR, He- enhanced MR, and Fluorodeoxyglucose
(FDG)PET studies. MR techniques hold much promise in the examination of obstructive air‐
ways disease including cystic fibrosis, by allowing excellent delineation of lung parenchyma
and patterns of ventilation.

PET studies appear to be increasingly useful in lymphoma imaging in children.

Pediatric Abdomen

The plain abdominal radiograph can provide variable degree of information allowing initial
assesment of disease processes. Similar to the approach adopted for chest interpretation,
plain films of the abdomen require specific methodology.

The plain abdomen radiograph typically includes the lower chest and thus the bases of the
lungs and diaghragm are examiaimed for pneumonia and abnormal gas appearance beneath
the dome respectively. The erect abdomen radiograph appears to be the most vital single
projection, allowing tremdous insight into chest and abdominal changes.

Bones are examined to exclude fractures, osteomyelitis and abnormal changes due to meta‐
bolic or neoplastic disease.
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A warm friendly environment, good interpersonal skills will help the sonographer perform
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ers with various frequencies, and Doppler to perform the investigation at the bedside. Spe‐
cial care and aseptic procedures must be maintained to prevent risk of infection to infants.

The general rule is to get an ultrasound whenever possible, as it can be repeated over and
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The clinical implications of the above challenges are highlighted below for the various re‐
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due to the wide range of tissue densities present in the thorax. This is complicated by the
need to minimise radiation dose, the varying thoracic sizes, difficulty in achieving inspira‐
tion and likelihood of motional blurr. The continous improvement in screen- film technolo‐
gy and development of digital systems produce a wider dynamic range and linear response
to xray exposure. This ensure that useful images can be obtained in a wide latitude of expo‐

Medical Imaging in Clinical Practice30
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eton. The ABC approach typically is to examine the whole radiograph and not just the chest.
This can be put in this simplified format

A- Abdomen region is examined for abnormal gas patterns, calcification and situs

B- Bone to exclude fractures, metabolic diseases eg rickets or definite bone lesions

C- Chest for position of the mediastinum, cardiac size and contours, vascular markings, ab‐
normal air spaces, pneumothorax or atelectasis, determine positions of central venous line,
umbilical venous catheter and endotracheal tube, pleural effusions.

In addition, soft tissue appearance to exclude abnormal swellings, or loss of body mass like
in malnutrition and wasting states. Rapid advancement in imaging technologies has wid‐
ened the opportunities provided to more specifically explore pathologies of the chest by the
introduction of CT, MRI, PET CT. In conjunction with tremendous input of digital techni‐
ques has improved acquisition of morphological and functional information regarding the
chest. Helical CT scans allow short acquisition times, reduce motion artefacts and with dy‐
namic contrast injection can produce remarkable information of the thoracic bony cage as
well as vascular and pulmonary architexture, simultaneously.

MRI holds a high promise in the evaluation of thoracic disease. It has ability to clearly dis‐
tinguish between mediastinal fat, blood vessels and soft tissues. Cardiac anomalies, media‐
stinal masses, and chest wall lesions can be delineated with MRI. The emphasis on the
possibility of acquiring dynamic and functional information of the lungs has led to introduc‐
tion of many techniques such as Functional MR, He- enhanced MR, and Fluorodeoxyglucose
(FDG)PET studies. MR techniques hold much promise in the examination of obstructive air‐
ways disease including cystic fibrosis, by allowing excellent delineation of lung parenchyma
and patterns of ventilation.

PET studies appear to be increasingly useful in lymphoma imaging in children.
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The plain abdominal radiograph can provide variable degree of information allowing initial
assesment of disease processes. Similar to the approach adopted for chest interpretation,
plain films of the abdomen require specific methodology.

The plain abdomen radiograph typically includes the lower chest and thus the bases of the
lungs and diaghragm are examiaimed for pneumonia and abnormal gas appearance beneath
the dome respectively. The erect abdomen radiograph appears to be the most vital single
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Bones are examined to exclude fractures, osteomyelitis and abnormal changes due to meta‐
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The psoas muscles, retro-peritoneal fat lines, calcification or abnormal gas patterns are vi‐
sualized within the abdominal cavity. This can be interpreted as CBA ( chest, bone, abdo‐
men), a reversal of the pattern described earlier.

In suspected intestinal obstruction, a plain radiograph may be sufficient to differentiate low
from high obstruction, by providing information on the presence, extent and level of gas in
the bowel. A water soluble contrast examination of the upper gastrointestinal tract will help
to determine cause, for example pyloric stenosis and gastric outlet obstrauction. Barium ene‐
ma may be necessary to differentiate the possible causes of low intestinal obstruction espe‐
cially in equivocal cases of ileal atresia, meconium plug or ileus.

Ultrasound is both safe and reliable to assess intrabdominal organs and to determine origin
and perhaps vascular extension of a potential abdominal mass. Initial assessment of the liv‐
er, spleen, kidneys are best performed with ultrasound. Ultrasound would equally be useful
to differentiate medical from obstructive jaundice and initial suggestion of biliary atresia. In
an experienced hand, abdominal ultrasound can provide a tremendous amount of informa‐
tion in cases of suspected intestinal obstruction. Diagnosis of pyloric stenosis and gastric
outlet obstruction, hiatus hernia, intussusception can comfortably be made with ultrasound.

Computed tomography or MRI is usually necessary to determine the exact extent of a mass
and to exclude spread, especially when the need to have a sectional information arises. CT
has its use in the determination of injuries to organs following trauma, perforated viscus, ab‐
scesses, appendicitis. The use of spiral CT techniques encourages better evaluation of the liv‐
er for acquired vascular abnormalities, vascular masses, pre operative evaluation of renal
tumors. The advances in MR techniques have significantly altered the investigation of ab‐
dominal and pelvic disease in children. MRI will profoundly help in the visualization of the
biliary tract, pancreas as well as intra and extra- luminal bowel disease. MR urography is
especially useful for anatomical and functional assesment of the urinary system.

Pediatric Brain

The use of ultrasound in the imaging of neonatal brain has tremendous advantages. Ultra‐
sound is safe, cheap and available and therefore is the preferred modality at this stage. In
older children, ultrasound is no longer useful once the fontanels are closed.

Brain CT is usually recommended for children with traumatic brain injury, which is relative‐
ly common. The recommendation takes into account traditional clinical guidelines for deter‐
mining the at risk patient and the risk of radiation and possible sedation for the critically ill.
Such a guideline would ultimately depend on the clinical scenario and age of the patient.
The problem typically lies in the ability to determine this category of patients who clinically
qualify for the procedure and to differentiate them from those at low risk for serious treata‐
ble head injury for whom cranial CT would be unnecessary.

Structural and functional MR techniques are invaluable in investigating brain tissue devel‐
opment. Practical and technical constraints exist in MR imaging in children and have been
discussed in the technical section. Some peculiar techniques employed in Paediatric MRI in‐
clude susceptibility-weighted Imaging (SWI) which is useful in imaging trauma, vascular
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disease, telengiactasia, cavernous and venous angiomas, tumors and epilepsy and Diffusion
Tensor Imaging allowing changes in the developing brain, trauma, and white matter dis‐
ease. Other techniques include arterial spin labeling useful in identifying perfusion changes
in the brain.

Paediatric Skeleton

Hussain et al (2007) noted that the unique features of children's growing skeletons create
challenges in imaging and specifically result in injuries and fractures. The imaging of skele‐
tal structures following trauma in children typically start with plain film radiography. Addi‐
tional modalities include MRI and CT which are used as Adjunct procedures. MR imaging
has evolved as the most important diagnostic tool for the local staging of primary bone and
soft tissue rumors, for monitoring response to chemotherapy and also in the detection of
postoperative tumor recurrence. MR imaging provides accurate postoperative staging of lo‐
cal tumor extension and helps to obtain adequate safety margins and planning of successful
limb- salvage surgery.

Bone scintigraphy with 99mTc-polyphosphate or 99mTc-pyrophosphate can be carried out
in children with suspected bone disease. Scintigraphy is effective to demonstrate skeletal
metastases, primary osteosarcoma, fibrous dysplasia, and osteomyelitis. Abnormal accumu‐
lation of radioactivity in soft tissue lesions can also be demonstrated in primary adrenal
neuroblastoma, Hodgkin's granuloma, and metastatic Burkitt's lymphoma.

Radionuclide bone scintigraphy is also highly sensitive and specific for diagnosing the mus‐
culoskeletal disorders of childhood. Conditions such as neonatal osteomyelitis, septic arthri‐
tis, diskitis of childhood, Legg-Calve-Perthes disease, the osteochondroses, the toddler's
fracture, sports injuries, spondylolysis, myositis ossificians, and reflex sympathetic dystro‐
phy can easily be made. Risks may include allergic reactions and exposure to radiation.

5. Conclusion

The challenges and pecularities discussed so far underscores the need for expertise and care
during paediatric imaging procedures.

This expertise can be acquired through structured training as well as experience.

There is need to encourage Pediatric radiology as a sub specialty, as well as the training of
Radiographers specifically for this purpose. There is need to encourage separate registra‐
tion and licensing with career pathways and incentives to would be pediatric Radiogra‐
phers. This may involve a review of the current training curriculum for Radiographers and
radiologists.

There is need to have a joint commitment and responsibility towards achieving quality serv‐
ice delivery to the pediatric patient population.
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ly common. The recommendation takes into account traditional clinical guidelines for deter‐
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The problem typically lies in the ability to determine this category of patients who clinically
qualify for the procedure and to differentiate them from those at low risk for serious treata‐
ble head injury for whom cranial CT would be unnecessary.

Structural and functional MR techniques are invaluable in investigating brain tissue devel‐
opment. Practical and technical constraints exist in MR imaging in children and have been
discussed in the technical section. Some peculiar techniques employed in Paediatric MRI in‐
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postoperative tumor recurrence. MR imaging provides accurate postoperative staging of lo‐
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lation of radioactivity in soft tissue lesions can also be demonstrated in primary adrenal
neuroblastoma, Hodgkin's granuloma, and metastatic Burkitt's lymphoma.

Radionuclide bone scintigraphy is also highly sensitive and specific for diagnosing the mus‐
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Radiographers specifically for this purpose. There is need to encourage separate registra‐
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1. Introduction

Nuclear Medicine is a medical specialty in which radioactive substances are used for diag‐
nostic and therapeutic purposes. Historically, its major development occurred after the Sec‐
ond World War. After the attack on Pearl Harbor, the United States developed nuclear
reactors to produce atomic bombs, which were subsequently dropped on the Japanese cities
of Hiroshima and Nagasaki. After the end of the war, the United States was involved in the
campaign for application of Atomic Energy for Peace, which stimulated implementation of
knowledge of nuclear energy for medical applications, among other beneficial actions. There
is no doubt that this was the greatest advance in the production and distribution of radionu‐
clides for medical purposes. The first radionuclide for medical applications was iodine-131,
and this was followed by several others. Artificial production of technetium for diagnostic
purposes was a milestone in the history of nuclear medicine. Today, this radioisotope is
used the one most for producing imaging.

In the beginning, the images were documented using rectilinear scanner and subsequently
using scintillation cameras or so-called gamma cameras, with images of poor definition.
With technological development, improvements to gamma cameras became possible. The
acquisition of functional images, which had previously only been done on a two-dimension‐
al plane, became tomographic with three-dimensional reconstruction. This was named Sin‐
gle-Photon Emission Computed Tomography (known as SPECT), and it increased the
sensitivity of detecting abnormalities or lesions. More recently, gamma cameras have been
coupled with computed tomography (CT) or magnetic resonance imaging (MRI), thereby
forming hybrid machines and increasing the effectiveness of identifying lesions or function‐
ally abnormal tissues, at their sites. Technological advances have also been important for

© 2013 Moriguchi et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Positron Emission Tomography (known as PET), thereby massively increasing the applica‐
bility of this method, especially related to oncologic processes, with molecular imaging.

The diagnostic and therapeutic applications are based on the kind of radiation used. In general,
gamma emitters are used for diagnosis, and technetium-99m is the most common agent for this
purpose. For therapy, beta radiation emitters such as iodine-131 are the agents most used.

Scintigraphy is a noninvasive imaging diagnosis method using low doses of radiation, it is
painless, has reasonable cost and availability, and enables functional or metabolic assess‐
ment of organs or structures. Its advantage is clear, especially when the possibility of analy‐
sis using other methods is limited. It is based on administration of radiation-emitting
substances to patients, with detection by scanning using a scintillation camera. These radio‐
active substances may migrate to the organs themselves or, when that does not happen, they
may bind to other substances, thus forming complexes called radiopharmaceuticals that are
taken up by the target organ. There are specific pharmaceuticals for each organ, e.g. MDP,
DTPA, sestamibi, etc., thus making it possible to perform bone, renal or cardiac scintigra‐
phy, respectively. The great majority of radiotracers represent the physiology or metabolic
activity of some part of the body, but without altering the function of these structures or
forming part of the metabolism.

The main characteristic of scintigrams is that they provide information on the functioning
and metabolism of organs and structures. Hence, they differ from other imaging methods
such as ultrasound, CT scans or MRI, which are anatomical, and thus complement the diag‐
nostic investigation.

From this perspective, it is important to distinguish between the diagnostic approaches for
benign or malignant diseases. In benign lesions, the most important information comes from
functional assessment of each organ. This may show that the organ function is normal or is
deviating from normal, and this is assessed together with the evolution of the disease or the
post-intervention changes. Malignancies are assessed based on metabolic activity and find‐
ings of active primary or metastatic tumors. Details relating to residual tumors, viable tu‐
mors, recurrence, or disease progression are important and can be differentiated. Based on
this information, the clinical application of nuclear medicine is to highlight the physiological
or metabolic structures or organs involved.

This chapter does not aim to teach the methodology for performing scintigraphy, but to pro‐
vide some knowledge for professionals who are not specialists in this field, so that the use‐
fulness of this method in relation to various diseases can be seen.

This chapter is divided into applications and therapy using conventional scintigraphy with
single-photon emitters.

The radionuclide most used for performing single-photon scintigraphy is technetium 99m,
which is a pure gamma radiation emitter, with energy of 140 keV. This is considered to be a low
energy level with ideal characteristics for producing images. It can be administered alone or
coupled with pharmaceuticals to form complexes with specific characteristics relating to the
preferential uptake for various human organs or structures. For each type of scintigraphy,
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there is a specific radiotracer uptake mechanism that interfaces with the metabolism or excre‐
tion of the organ. In the following, most of the applications of diagnostic nuclear medicine in
different systems of the human body are presented. The general precautions to be taken in cas‐
es of pregnancy, breastfeeding, breastfed infants and young children, for all the procedures in
nuclear medicine, are indicated. This should be discussed on a case-by-case basis.

2. Gastrointestinal system

Application of nuclear medicine to the gastrointestinal (GI) system is very useful for investi‐
gating many diseases. This is a noninvasive and painless examination, with administration
of low doses of radiation to patients. It is easy to perform and is indicated for diagnosing
and following up gastrointestinal diseases. The long acquisition time for most examinations
increases the sensitivity for detecting gastrointestinal abnormalities. Scintigraphy is general‐
ly of use for assessing organ function and the kinetics of gastrointestinal transit or excretion.

2.1. Salivary gland imaging

This assesses the function and excretion of the salivary glands, both in the initial diagnosis
and in post-treatment follow-up. The main indications include: tumors, cysts, inflammatory
or infectious diseases, calculosis and Sjögren’s syndrome.

The radioisotope used is pertechnetate, an anion that is concentrated and secreted by the ep‐
ithelial cells of the salivary glands in the same way as seen with the anions that make up the
saliva. Thus, this substance reflects the production and physiological secretion of the saliva.
This radiotracer is administered intravenously, and sequential images of the head are ac‐
quired for 30 minutes. Over the first ten minutes, increasing concentration of radiotracer in
the salivary glands is observed, which represents the function. After administration of citric
stimulus, generally using lemon, the excretion phase begins. The uptake peak usually occurs
five to ten minutes after starting to administer the radiotracer, and complete excretion be‐
gins immediately after the stimulation with lemon (Figure 1).

Figure 1. Normal salivary gland imaging. Dynamic images are performed during 30 minutes and citric stimulus is on first fif‐
teen minutes. Region of interest are placed on right and left parotid (red and dark blue) and submandibulary (yellow and
light blue) glands and time activity curves are created showing quantitative uptake and excretion analyses.
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The scintigraphic abnormalities depend on the type and severity of disease. Most tumors
present diminished or absence of uptake radiotracer, except for Warthin’s tumor. Acute in‐
flammatory and infectious diseases present uptake increased because of the increased vas‐
cularization and diminished secretion. Abscesses and cysts do not show any uptake.
Patients with Sjögren’s syndrome either do not concentrate radioactive material or concen‐
trate very little of it (Figure 2).

Figure 2. Anormal salivary gland imaging. Absence uptake and non excretion in parotid glands confirmed by quanti‐
tative curves by region of interest (red and dark blue).

Other agents that are used to assess the salivary glands include gallium-67 and 111 In/
99mTc-labeled white blood cells, in cases of inflammatory or infectious diseases.

2.2. Scintigraphy on esophageal transit and emptying

Scintigraphy on the  esophageal  transit  is  a  noninvasive  examination with  oral  adminis‐
tration of radiotracer that supplies information on esophageal motility, in relation to the
duration  of  esophageal  transit  and  segmental  motor  abnormalities  such  as  adynamia
and  lack  of  coordination.  It  is  indicated  for  patients  with  suspected  primary  or  secon‐
dary motor disorders,  both for diagnosis and for follow-up of therapeutic interventions,
in  conditions  such  as  achalasia,  scleroderma,  diffuse  esophageal  spasm,  nutcracker
esophagus,  diabetic  enteropathy,  nonspecific  motor  disorders,  Chagas’  disease,  neo‐
plasm, systemic lupus erythematosus, polymyositis,  myasthenia gravis,  myotonic dystro‐
phy,  esophagitis,  alcoholism  and  others.  The  radiopharmaceuticals  indicated  for  these
assessments are those that are not absorbed by the esophageal mucosa,  such as colloids
and  chelates:  technetium-99mTc-sulfur  colloid  and  diethylenetriamine  pentaacetic  acid
(DPTA).  The  radiopharmaceuticals  are  administered  orally,  diluted  in  10  ml  of  water,
and deglutition is stimulated every 20 seconds with the patient in either a supine or an
upright  position.  The  transit  time  for  the  entire  esophagus  and  in  its  three  segments
(upper,  middle  and  lower)  is  quantified  and  the  motor  abnormality  pattern  (adynamia
or lack of coordination) is determined (Figure 3).
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Figure  3.  Scintigraphy  on  esophageal  transit.  Normal,  adynamia  and  adynamia  with  incordination  patterns,  re‐
spectivelly.

2.3. Investigation of gastroesophageal reflux

Scintigraphy is the most sensitive noninvasive method for detecting gastroesophageal re‐
flux, especially in children. Colloids with low absorption rates in the esophageal and gastric
mucosa are used, thereby reflecting the kinetics of the tracer within the digestive system. Af‐
ter oral administration of 99mTc colloid, and with a field of view covering the stomach and
esophagus, episodes of gastroesophageal reflux are identified and information on the quan‐
tity and duration of the reflux and the point that it reaches are obtained (Figure 4). It has the
advantage of continuous and more prolonged acquisition, which increases the sensitivity of
the method. Other additional information obtained includes assessment of pulmonary aspi‐
ration, in the event that the reflux of the ingested material reaches the pulmonary tree.

Figure 4. Gastroesophageal reflux scintigraphy. A single episode with a short time, reaching the upper esophageal
segment (black arrow) and during a long time (red arrow).

2.4. Gastric emptying

This is a noninvasive examination performed after intake of solid foods, liquids or a mixture
of these. The emptying time and kinetics of the radiotracer in the stomach depend on the
composition of the food ingested. Several pharmacological materials can be labeled with the
radioactive substance, and the composition of both the food and the radiotracer depends on
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dary motor disorders,  both for diagnosis and for follow-up of therapeutic interventions,
in  conditions  such  as  achalasia,  scleroderma,  diffuse  esophageal  spasm,  nutcracker
esophagus,  diabetic  enteropathy,  nonspecific  motor  disorders,  Chagas’  disease,  neo‐
plasm, systemic lupus erythematosus, polymyositis,  myasthenia gravis,  myotonic dystro‐
phy,  esophagitis,  alcoholism  and  others.  The  radiopharmaceuticals  indicated  for  these
assessments are those that are not absorbed by the esophageal mucosa,  such as colloids
and  chelates:  technetium-99mTc-sulfur  colloid  and  diethylenetriamine  pentaacetic  acid
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(upper,  middle  and  lower)  is  quantified  and  the  motor  abnormality  pattern  (adynamia
or lack of coordination) is determined (Figure 3).
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Figure  3.  Scintigraphy  on  esophageal  transit.  Normal,  adynamia  and  adynamia  with  incordination  patterns,  re‐
spectivelly.

2.3. Investigation of gastroesophageal reflux

Scintigraphy is the most sensitive noninvasive method for detecting gastroesophageal re‐
flux, especially in children. Colloids with low absorption rates in the esophageal and gastric
mucosa are used, thereby reflecting the kinetics of the tracer within the digestive system. Af‐
ter oral administration of 99mTc colloid, and with a field of view covering the stomach and
esophagus, episodes of gastroesophageal reflux are identified and information on the quan‐
tity and duration of the reflux and the point that it reaches are obtained (Figure 4). It has the
advantage of continuous and more prolonged acquisition, which increases the sensitivity of
the method. Other additional information obtained includes assessment of pulmonary aspi‐
ration, in the event that the reflux of the ingested material reaches the pulmonary tree.

Figure 4. Gastroesophageal reflux scintigraphy. A single episode with a short time, reaching the upper esophageal
segment (black arrow) and during a long time (red arrow).

2.4. Gastric emptying

This is a noninvasive examination performed after intake of solid foods, liquids or a mixture
of these. The emptying time and kinetics of the radiotracer in the stomach depend on the
composition of the food ingested. Several pharmacological materials can be labeled with the
radioactive substance, and the composition of both the food and the radiotracer depends on
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the standard adopted by each laboratory as the reference value. Computer acquisition is re‐
quired to determine the half-time of emptying and/or percent of emptying and to generate
gastric emptying time-activity curves. The main indications include diabetic gastroparesis,
anorexia nervosa, gastroesophageal reflux, gastritis, gastric ulcer, duodenal ulcer, Zollinger-
Ellison disease, connective tissue disorders and others, along with postsurgical evaluations,
vagotomy and gastrectomy.

2.5. Liver-spleen imaging

Other imaging methods such as MRI, CT and ultrasound offers better information about the
anatomic display of liver and spleen than does this exam. The radionuclide colloid imaging
is capitalized by phagocitosis by Kupffer cells of liver and spleen. The uptake and distribu‐
tion of 99mTc-colloid in liver and spleen reflects perfusion and the distribution of functioning
reticulendothelial cells. Usually, the information of liver-spleen scan include the size, shape
and position, the distribution aspect of activity within the organs, as homogeneity or non-
homogeneity, presence of any or many focal defects in activity and relative distribution of
colloid among the liver, spleen and bone marrow. Most of the masses seen on MRI, CT or
US, which take up 99mTc colloid contain Kupffer cells, and are benign. These present with
increased hepatic uptake and include: focal nodular hyperplasia (Figure 5), cirrhosis with re‐
generating nodule, Budd-Chiari syndrome and Superior vena caval obstruction. Masses
with decreased hepatic uptake can be benign or malignant. These include: hepatoma, meta‐
stasis, cyst, adenoma, hemangioma, abcess, and pseudotumor. The most common causes of
focal defects in the spleen include: abcess, cyst, infarct, lymphoma, and hematoma.

Figure 5. Liver-spleen scintigraphy. Focal nodular hyperplasia. Anterior and posterior images. Focal uptake increased
in liver (black arrow). Spleen increased too (red arrow).

2.6. Hepatic blood pool imaging

This exam is indicated for evaluating hemangiomas. These lesions are clusters or large blood
filled sinuses. They are usually asymptomatic, and are found as incidental findings during
MRI, CT or US performed for others indications. The radiotracer used is 99mTc-red blood
cells (RBC), injected intravenously. The typical appearance of 99mTc-RBC scan is a focal area
of decreased perfusion on the first study (flow phase), and in the immediate images because
the flow with 99mTc-RBC is relatively low compared to the hemangioma. About 1 or 2 hours
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later, the radiolabelled cells reach the hemangioma vessels, and then these lesions present as
a focal hot spot, with intensity similar to the heart. This method is highly specific to confirm
hemangioma.

2.7. Gastrointestinal bleeding imaging

The common causes of lower GI bleeding in adults include neoplasms, inflammatory bowel
disease, diverticular disease and angiodysplasia. The GI Imaging is a noninvasive method
that provides information especially of lower GI bleeding. The effective therapy for acute GI
bleeding depends on accurate localization of the site of bleeding. There are two radiotracer
that localize the GI bleeding; 99mTc-RBC and 99mTc-colloid. The first one is preferred in the
investigation of GI hemorrhage, especially in cases of intermittent or slow bleeding, because
the radiotracer remains in the intravascular space. Imaging may be performed over a period
of 24 hours. The second one is high, specifically to identify the bleeding site, but the sensitiv‐
ity is low, because it is performed for a short time and the bleeding needs to be present at
the moment of scintigraphy.

3. Cardiovascular system

Nuclear medicine examinations play an important role in the noninvasive evaluation of car‐
diac physiology.

3.1. Myocardial perfusion imaging

Myocardial perfusion imaging (MPI) has high sensitivity to evaluate perfusion in the left
ventricular wall and thus indirectly assess coronary flow. The ischemic cascade is the basis
and the best justification for the use of nuclear medicine examinations in the evaluation of
coronary artery disease.

Myocardial perfusion imaging can be performed with thallium-201 chloride and Pharma‐
ceuticals labelled with 99mTc (sestamibi, tetrofosmim and teboroxime). To use thallium-201
chloride it is necessary to fast for at least 4 hours. Radiopharmaceuticals labelled with
99mTc have advantages and disadvantages when compared to thallium-201 chloride, as best
rate of counts and less sensitivity to assess viability, respectively.

The stress phase can be accomplished by exercise or by the use of drugs such as dipyrida‐
mole, adenosine, and dobutamine. The sensitivity and specificity of these types of stress are
similiar.

Clinical applications of the study with thallium-201 chloride are: diagnosis of coronary ar‐
tery disease, assessing the extent and severity of coronary stenosis, myocardial viability as‐
sessment and therapeutic efficacy (CABG and angioplasty).

Radiopharmaceutical labelled with 99mTc are usually associated with cardiac monitoring
during image acquisition, thus allowing quantitative analysis with motility evaluation of the
left ventricular wall and ejection fraction.
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later, the radiolabelled cells reach the hemangioma vessels, and then these lesions present as
a focal hot spot, with intensity similar to the heart. This method is highly specific to confirm
hemangioma.
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The common causes of lower GI bleeding in adults include neoplasms, inflammatory bowel
disease, diverticular disease and angiodysplasia. The GI Imaging is a noninvasive method
that provides information especially of lower GI bleeding. The effective therapy for acute GI
bleeding depends on accurate localization of the site of bleeding. There are two radiotracer
that localize the GI bleeding; 99mTc-RBC and 99mTc-colloid. The first one is preferred in the
investigation of GI hemorrhage, especially in cases of intermittent or slow bleeding, because
the radiotracer remains in the intravascular space. Imaging may be performed over a period
of 24 hours. The second one is high, specifically to identify the bleeding site, but the sensitiv‐
ity is low, because it is performed for a short time and the bleeding needs to be present at
the moment of scintigraphy.

3. Cardiovascular system

Nuclear medicine examinations play an important role in the noninvasive evaluation of car‐
diac physiology.

3.1. Myocardial perfusion imaging

Myocardial perfusion imaging (MPI) has high sensitivity to evaluate perfusion in the left
ventricular wall and thus indirectly assess coronary flow. The ischemic cascade is the basis
and the best justification for the use of nuclear medicine examinations in the evaluation of
coronary artery disease.

Myocardial perfusion imaging can be performed with thallium-201 chloride and Pharma‐
ceuticals labelled with 99mTc (sestamibi, tetrofosmim and teboroxime). To use thallium-201
chloride it is necessary to fast for at least 4 hours. Radiopharmaceuticals labelled with
99mTc have advantages and disadvantages when compared to thallium-201 chloride, as best
rate of counts and less sensitivity to assess viability, respectively.

The stress phase can be accomplished by exercise or by the use of drugs such as dipyrida‐
mole, adenosine, and dobutamine. The sensitivity and specificity of these types of stress are
similiar.

Clinical applications of the study with thallium-201 chloride are: diagnosis of coronary ar‐
tery disease, assessing the extent and severity of coronary stenosis, myocardial viability as‐
sessment and therapeutic efficacy (CABG and angioplasty).

Radiopharmaceutical labelled with 99mTc are usually associated with cardiac monitoring
during image acquisition, thus allowing quantitative analysis with motility evaluation of the
left ventricular wall and ejection fraction.
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Clinical applications of the study using radiopharmaceuticals labelled with 99mTc are: a
diagnosis  of  coronary  artery  disease,  risk  stratification  post-myocardial  infarction  and
therapeutic efficacy (Figure 6).

Figure 6. Myocardial perfusion scintigraphy with 99mTc-sestamibi. A: Pre-angioplasty: ischemia of the apex and the
middle and apical regions of the anteroseptal wall of the left ventricle. B: Post-angioplasty: a study without evidence
of myocardial ischemia.

3.2. Myocardial viability imaging

The principle objective of myocardial viability assessment is to identify patients eligible for
coronary artery bypass grafting (CABG). Several criteria were used to determine the clinical
impact of CABG: improvement in regional left ventricular function, in global left ventricular
function (ejection fraction), symptoms, functional capacity, in cardiac remodeling and long
term prognosis [1].

Imaging with thallium-201 chloride and home-redistribution protocol can be used to assess
the presence of viable myocardium. Using the protocol stress-rest-reinjection, in addition to
similar information, the presence of ischemia can be evaluated.

3.3. Myocardial infarction imaging

Currently this study has been little used, due to advances in methods of enzymatic detection
of acute myocardial infarction. Radiopharmaceuticals used can be 99mTc-pyrophosphate
and Antimyosin-Fab-DTPA-In-111.

The maximum uptake of 99mTc-pyrophosphate occurs 24 to 72 hours after the event. Planar
imaging with 99mTc pyrophosphate detect acute transmural with a sensitivity of at least
90% and a specificity of 70% (Figure 7). Tomographic imaging (SPECT) can improve the spe‐
cificity to around 80%.
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Figure 7. Imaging of myocardial infarction with 99mTc-pyrophosphate. 99mTc: trasmural infarction in the anterolat‐
eral wall of the left ventricle.

Antimyosin has an overall sensitivity of 92% for the detection of acute MI [2].

3.4. Multi Gated Acquisition (MUGA)

The objective is to assess the global and regional ventricular function. The radiopharmaceut‐
ical used is 99mTc-red blood cells (RBC), erythrocytes labeled with 99mTc. The parameters
evaluated in this study are: motility of the ventricular wall, left ventricular ejection fraction,
analysis of phase and amplitude. The clinical indications are: acute myocardial infarction,
coronary artery disease, cardiomyopathy, valvular disease, congenital heart disease, thera‐
peutic efficacy assessment and evaluation of cardiotoxic drugs.

3.5. Cardiac adrenergic imaging

The sympathetic and parasympathetic innervation of the heart plays an important role in
regulating the cardiac function [3]. The activation of sympathetic innervation causes in‐
creased heart rate (chronotropic effect), contractility (inotropic effect) and conduction atrio‐
ventricular [4]. Norepinephrine is produced and stored in presynaptic vesicles in
sympathetic nerve terminals [5]. Thus, the radionuclide used for cardiac adrenergic imaging
is 123I-MIBG (metaiodobenzylguanidine) that is an guanethidine analogue which mimics
norepinefrina [6]. The clinical indications are: heart failure, cardiomyopathy, cardiac trans‐
plantation, ischemia and myocardial infarction and ventricular tachyarrhythmias.

4. Pulmonary system

Pulmonary embolism (PE) is an important and treatable illness caused by migration of
thrombus to the pulmonary circulation, commonly from the veins of the lower extremities.
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Untreated, PE can cause death [7]. The treatment includes oral anticoagulants, heparin and
thrombolytic agents. The clinical presentation of PE is variable, from asymptomatic to sud‐
den death, including cough, hemoptysis, chest pain, breathlessness, syncope, palpitations,
tachypnoea, cyanosis, tachycardia, pulmonary hypertension and right heart failure. But,
these symptoms are not specific of PE, needing more tests to confirm or refuse the PE diag‐
nostic. Recently, Bajc et al, purposed a clinical algorithm for the investigation of patients
with suspected PE. If the clinical likelihood of PE is low and the quantitative D-dimer is neg‐
ative, a diagnosis of PE is unlikely and further investigations are not required. If the clinical
likelihood of PE is low and the quantitative D-dimer is positive, further investigations for a
range of diagnoses including PE may be required, particularly if the D-dimer level is mark‐
edly elevated. If the clinical probability is other than low, it seems more appropriate to skip
the D-dimer test and refer the patient directly to the appropriate imaging technique. This
may be Ventilation (V) and perfusion (P) imaging (V/PSCAN) or multidetector computed to‐
mography of the pulmonary arteries (MDCT) depending on the local availability, medical
expertise, and the patient’s clinical condition. V/PSCAN has virtually no contraindications and
yields a substantially lower radiation burden than MDCT [8].

A combined ventilation and perfusion study increases the specificity for PE diagnosis. A
combined 1-day protocol is preferred. The scan can be with planar lung imaging (anterior,
posterior, left and right lateral and left and right posterior oblique) or Spect imaging. In
pregnancy only a perfusion scan is recommended.

4.1. Ventilation lung scintigraphy (V)

Ventilation studies, in general, are performed after inhalation of inert gases 133Xe and 81mKr,
radiolabelled aerosols 99mTc-DTPA and 99mTc-labelled Technegas. It is performed for map‐
ping regional ventilation.

4.2. Perfusion lung scintigraphy (P)

Perfusion scintigraphy is accomplished by microembolization with radiolabelled particles
injected into a peripheral vein. The commercially used particles are MAA, which are label‐
led with 99mTc. The particle distribution accurately defines regional lung perfusion.

V/PSCAN exploits the unique pulmonary arterial segmental anatomy. Each bronchopulmona‐
ry segment is supplied by a single end-artery. In principle, conical bronchopulmonary seg‐
ments have their apex towards the hilum and base projecting onto the pleural surface.
Occlusive thrombi, affecting individual pulmonary arteries, therefore produce characteristic
lobar, segmental or subsegmental peripheral wedge-shaped defects with the base projecting
to the lung periphery. V/P mismatch within bronchopulmonary segment(s) defected by PE,
ventilation is usually preserved. This pattern of preserved ventilation and absent perfusion
within a lung segment gives rise to the fundamental signiture for PE diagnosis using V/
PSCAN, known as V/P mismatch.

Follow-up of PE using imaging is essential to assess the effect of therapy, differentiate be‐
tween new and old PE on suspicion of PE recurrence and investigate physical incapacity af‐
ter PE [9].
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Figure 8. Normal pulmonary scintigraphy.Inhalation and perfusion images are compared. Homogeneous uptake in
lungs. Matched findings.

5. Genitourinary tract imaging

In nuclear medicine the studies of genitourinary system can be divided into superior and
inferior genitourinary tract. Studies evaluating the superior genitourinary tract include the
kidneys, allowing evaluation of several characteristics such as blood flow, function, anato‐
my and integrity of the collection system, aiding in the diagnosis of different pathologies.
For the lower genitourinary tract studies are represented by radionuclide cystography and
testicular scintigraphy.

Renal radiopharmaceuticals commonly used to meet the various pathologies are 99mTc-
MAG3, 99mTc-DTPA, 99mTc-GHA and 99mTc-DMSA, being dependent on the indication
of particular characteristics. 99mTc-MAG3 has as a main uptake mechanism tubular secre‐
tion (98% tubular secretion, 2% of glomerular filtration and extraction fraction of 40-50%).
the 99mTc-DTPA has as a main uptake mechanism glomerular filtration (100% filtration and
extraction fraction of 20%). 99mTc-GHA has a mixed uptake mechanism, being, glomerulo-
tubular (10-20% tubular secretion and 80-90% glomerular filtration). The 99mTc-DMSA is at‐
tached to the renal cortical (40-50% cortical binding in 2 hours).

5.1. Clinical applications in the superior genitourinary tract

Dynamic renal scintigraphy renogram represents the study commonly used to evaluate the
various pathologies associated with superior genitourinary tract.

5.1.1. Obstruction of the genitourinary tract

It is the main indication of renal dynamic studies. The exam is simple, painless, easy to per‐
form and only prior hydration is necessary. It lasts 30 to 50 minutes, and such variation is
associated with the use of diuretics (Figures 9 and 10).
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Figure  9.  Dynamic  renal  scintigraphy  with  99mTc-DTPA:  flow,  normal  function  and  nonobstructive  excretory
pathways.

5.1.2. Hypertension of renovascular origin

For this condition, the renal dynamic study is done in two phases: one utilizing a stimulus
by angiotensin converting enzyme inhibitor, one hour before administration of the radio‐
pharmaceutical and the other from the merely studying renal dynamic without stimulus
considered study baseline.

According to the pathophysiology of renovascular disease, the standard pattern of diagnosis
is an abnormal study with stimulation of the angiotensin converting enzyme inhibitorassoci‐
ated with a normal baseline study.

5.1.3. Renal transplant

In renal transplant, renal dynamic study is mainly used for evaluation of its most common
complications such as acute tubular necrosis and rejection. The scintigraphic pattern of acute
tubular necrosis and acute rejection are very similar, with preserved or slightly reduced
flow and reduced glomerular filtration rate. The time and symptoms are the key to diagno‐
sis. In serial renal studies, the renal graft dysfunction secondary to acute tubular necrosis
should improve or remain unchanged, while the rejection demonstrates progressive deterio‐
ration. Currently, ultrasound is the method of choice for renal transplant dysfunction [10].
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Figure 10. Dynamic renal scintigraphy with 99mTc-DTPA and use of diuretic: Deficit of flow and left renal function
associated with obstructive hydronephrosis.

5.1.4. Acute pyelonephritis and renal scarring

The renal cortical scintigraphy with 99mTc-DMSA is the procedure of choice for evaluating
acute pyelonephritis and renal scarring. The image acquisition takes place 2 to 3 hours after
intravenous administration of the radiopharmaceutical so that attachment occurs at the
same cortical. The scintigraphic patterns in acute pyelonephritis are focal involvement of a
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by angiotensin converting enzyme inhibitor, one hour before administration of the radio‐
pharmaceutical and the other from the merely studying renal dynamic without stimulus
considered study baseline.

According to the pathophysiology of renovascular disease, the standard pattern of diagnosis
is an abnormal study with stimulation of the angiotensin converting enzyme inhibitorassoci‐
ated with a normal baseline study.

5.1.3. Renal transplant

In renal transplant, renal dynamic study is mainly used for evaluation of its most common
complications such as acute tubular necrosis and rejection. The scintigraphic pattern of acute
tubular necrosis and acute rejection are very similar, with preserved or slightly reduced
flow and reduced glomerular filtration rate. The time and symptoms are the key to diagno‐
sis. In serial renal studies, the renal graft dysfunction secondary to acute tubular necrosis
should improve or remain unchanged, while the rejection demonstrates progressive deterio‐
ration. Currently, ultrasound is the method of choice for renal transplant dysfunction [10].
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Figure 10. Dynamic renal scintigraphy with 99mTc-DTPA and use of diuretic: Deficit of flow and left renal function
associated with obstructive hydronephrosis.

5.1.4. Acute pyelonephritis and renal scarring

The renal cortical scintigraphy with 99mTc-DMSA is the procedure of choice for evaluating
acute pyelonephritis and renal scarring. The image acquisition takes place 2 to 3 hours after
intravenous administration of the radiopharmaceutical so that attachment occurs at the
same cortical. The scintigraphic patterns in acute pyelonephritis are focal involvement of a
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single area or multiple areas and diffuse involvement of the kidney. It has 100% sensitivity
and specificity above 87% [11].

Renal scarring is a consequence of acute pyelonephritis, which may develop in 37% to 80%
of children after an episode of infection [11,12] (Figures 11 and 12).

Figure 11. Normal renal scintigraphy with 99mTc-DMSA.

Figure 12. Renal scintigraphy with 99mTc-DMSA, renal scars.

5.2. Clinical applications in the lower genitourinary tract

5.2.1. Assessment of vesicoureteral reflux

Radionuclide cystography permits visualization of very small volumes of reflux, and is
probably more sensitive than contrast cystography [13]. The procedure is performed by in‐
fusion of saline and radiopharmaceuticals within the bladder through the catheter, thereby
evaluating the presence of reflux (Figure 13).

5.2.2. Testicular torsion

Testicular torsion is considered a surgical emergency and the availability of this tissue is
mainly related to ischemic time. The testicular ultrasound is a simple method and easily per‐
formed for evaluation of this condition, however, in children evaluating the flow can be dif‐
ficult, testicular scintigraphy is indicated.

The scintigraphic findings depend on the stage of testicular torsion, in the early phase there
is a normal flow, reduced or absent and the still image is a slight reduction in uptake of the
radiotracer within the testicle, followed by an increase in flow and static image appearance
of halo of mildly increased activity around a centrally cold testicle, ending with testicular
infarction, in which there is an increased flow rate and persistent halo of increased activity
around a cold center.
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Figure 13. Radionuclide cystography: right vesicoureteral reflux.

6. Musculoskeletal system

6.1. Bone scintigraphy

Bone scintigraphy identifies single or multiple focal or diffuse areas with increased osteo‐
blastic activity, which reflects local bone remodeling. It is a highly sensitive examination for
detecting such abnormalities, but its specificity is limited. It needs to be analyzed in conjunc‐
tion with other imaging examinations. It is indicated for both adults and children, but
should be interpreted differently for these two groups, given that the normal distribution of
radiopharmaceutical in the skeleton differs between adults and children, particularly be‐
cause of the presence of physiological osteoblastic activity in the growth cartilage of chil‐
dren. These bone scans are based on the principle of phosphonate uptake in bone tissue,
especially in blastic lesions. For example, from this principle, the presence of osteoblastic
metastases from breast tumors or prostate tumors can be seen, among others. Likewise,
changes typical of benign diseases such as bone infections, inflammatory activity of rheu‐
matic diseases, and prosthesis complications like loosening, infection, etc., can be seen.

The radiopharmaceutical used most, which is called 99mTc-methylene diphosphonate (99mTc-
MDP), binds to the amorphous phase of hydroxyapatite crystals by means of chemoadsorp‐
tion. It is administered intravenously as a bolus. Images can be acquired immediately
afterwards when information on the blood supply and vascular permeability is important,
like in cases of infectious or tumor growth processes. They may also only be acquired later
on, after 2-3 hours of injection, with acquisition of whole-body images in the anterior and
posterior projections, in order to acquire information on osteoblastic activity. It is worth em‐
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phasizing that this examination shows low sensitivity to predominantly lytic pathological
conditions or to conditions with low bone remodeling, except in cases associated with signif‐
icant osteoblastic abnormalities, such as in investigations of associated fractures, for exam‐
ple, in patients with multiple myeloma. The great advantage of this method is that it
assesses the whole body in a single examination with high sensitivity, and it guides other
examinations that are more specific.

6.1.1. Clinical applications for children

Based on informations above, the mean indications of bone scan include: primary benign or
malignant bone tumors and bone metastases; acute osteomyelitis versus soft-tissue inflam‐
mation; subacute and chronic osteomyelitis; septic arthritis as a complication of osteomyeli‐
tis; and aseptic arthritis; aseptic necrosis (Legg-Calvé-Perthes disease) and sickle cell disease;
equivocal radiographic findings after trauma; stress fractures; occult fractures; child abuse;
multiple trauma; complications of fractures and therapy; and Sudeck’s atrophy; surgery‐
guided by bone scintigraphy, like as osteoid osteoma; bone dysplasia; Camurati-Engelmann
disease; evaluations on skeletal involvement (brown tumors); and hyperparathyroidism; ar‐
thritis and bone pain [14]. Scintigraphies in children are showed in figure 14.

A B C 

Figure 14. Bone scintigraphy in children. A. normal scan: Symmetric uptake on the skeletal and presence of physiolog‐
ical osteoblastic activity in the growth cartilage. B. Acute phase of avascular necrosis in right femoral head. Vascular
permeability decreased (green arrow) and photopenic area (brown arrow) in right femoral head. C. Three phase bone
scan. Osteosarcoma in the right humerus. Flow, vascular permeability and osteoblastic activity increased in right hu‐
merus (red arrows).

6.1.2. Clinical applications for adults

A little difference is observed between the chindren`s and adults`indications of bone scan. In
this last group, the pathologies include: primary and metastatic bone tumors: staging, fol‐
low-up and post-therapy evaluation; distribution of osteoblastic activity prior to radiometa‐
bolic therapy (89Sr, 153Sm-EDTMP and 186Re-HEDP); osteomyelitis; Paget’s disease,
osteoporosis and hyperparathyroidism; arthropathy, low back pain and sacroiliitis; fibrous
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dysplasia and other rare congenital conditions; stress fractures, shin splints, occult fractures;
avascular necrosis and loose or infected joint prosthesis [15] (Figure 15).

B A C D E 

Figure 15. Bone scintigraphies in adults. A. Normal scan: symmetric uptake on the sckeletal. B. Single bone metastasis
on left rib. C. Multiple bone metastasis. Multiple focal uptake on skull, scapulas, ribs, spine, pelvis and right femur. D.
Monostotic Paget Disease on right humerus. Intense uptake on right humerus. E. Hyperparathyroidism. Intense uptake
on skull and focal uptake on ribs.

7. Scintigraphy with gallium-67 citrate

Because of the characteristics of gallium-67 uptake in tissues, this radiotracer can be used in
relation to neoplastic diseases, especially lymphomas, and in cases of chronic inflammatory
or infectious processes, such as those in fever of unknown origin or in patients with ac‐
quired immunodeficiency.

The radiotracer is administered intravenously 48 hours before producing whole-body initial
images in the supine position, in the anterior and posterior projections. Delayed images,
produced at least from 72 hours and up to 5 days after injection, may be needed to differen‐
tiate normal colonic activity from lesions in the abdomen. This allows clearance of nonspe‐
cific activity from the body, and enhancement of the target in relation to the background in
the images. The technologist or physician should give the patient a thorough explanation
about the examination. Food and liquid restrictions are not mandatory. Bowel preparation is
optional. In patients with constipation, oral laxatives prior to imaging may decrease the ac‐
tivity in the bowel. In this case, laxatives should be given on the day before gallium-67 scin‐
tigraphy (at least 18 hours prior to scanning). Gallium-67 scanning should be avoided within
24 hours of blood transfusion or gadolinium-enhanced MRI, which could interfere with gal‐
lium-67 biodistribution. It is also advisable to wait 3-4 weeks after chemotherapy before per‐
forming follow-up imaging.

Management of patients with lymphoma is very useful, especially in intermediate or high-
grade tumors. Low-grade lymphomas may not uptake gallium-67 and therefore may not
benefit from this method. Although anatomical diagnostic methods such as CT and MRI are
superior to gallium-67 for initially staging the patients, an initial examination using galli‐
um-67 is important because it serves as the basis for post-therapy monitoring of patients and
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dysplasia and other rare congenital conditions; stress fractures, shin splints, occult fractures;
avascular necrosis and loose or infected joint prosthesis [15] (Figure 15).

B A C D E 

Figure 15. Bone scintigraphies in adults. A. Normal scan: symmetric uptake on the sckeletal. B. Single bone metastasis
on left rib. C. Multiple bone metastasis. Multiple focal uptake on skull, scapulas, ribs, spine, pelvis and right femur. D.
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on skull and focal uptake on ribs.
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lium-67 biodistribution. It is also advisable to wait 3-4 weeks after chemotherapy before per‐
forming follow-up imaging.

Management of patients with lymphoma is very useful, especially in intermediate or high-
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indicates which patients may benefit from this method. If the tumor does not concentrate
gallium-67 in the first examination, this radiotracer should not be used for the follow-up.
For lymphomas that concentrate gallium-67, this tool becomes very useful for assessing the
response to the treatment, since gallium accurately assesses tumor viability and the extent of
the disease, indicates the prognosis and, especially, is important for restaging, given that the
anatomical changes that occur after the treatment make it difficult to interpret anatomical
images. Other tumors that may benefit from this method are lung cancer, head and neck tu‐
mors, hepatocellular carcinoma, germ cell tumors, neuroblastomas, sarcomas, multiple mye‐
lomas and melanomas. These tumors present avidity for gallium-67, but the use of this
imaging method in these tumors is not well defined (Figure 16).

BA C D E

Figure 16. Whole body scan with gallium 67. A. normal scintigraphy. B. Lymphoma with lymphonodopathy. Uptake in
left axillary lymphonode. C. Lymphoma with lymphonodapathy in right axillary, supravicular and mediastinal chain
and left lung. D. Lymphoma in inguinopelvic lymphonode and soft tissue in right leg.

In addition, gallium-67 has been used to detect infections or inflammations such as osteo‐
myelitis, sarcoidosis and myocarditis, and to evaluate interstitial lung disease and examine
patients with acquired immunodeficiency syndrome (AIDS). It has been suggested that gal‐
lium-67 may be clinically useful for assessing adults presenting fever of unknown origin be‐
cause of the possibility of locating pathological uptake (both malignant and benign).

Precautions need to be taken in relation to cases of suspected or confirmed pregnancy. If di‐
agnostic procedures are performed on such patients, a clinical decision weighing the bene‐
fits against the possible harm from carrying out the procedure is necessary. Moreover, if
diagnostic procedures are performed on breastfeeding mothers, the breastfeeding should be
discontinued.

Because of the high radiation exposure, children aged less than 14 years should not undergo
gallium-67 scintigraphy, except when there is clear evidence of malignancy.
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In laboratories with PET/CT the gallium scintigraphy was replaced by 18F-FDG in the path‐
ologies described above, because of the best accuracy of the PET.

8. Scintimammography

Scintimammography was approved by the FDA in 1987 as a complementary examination
for use when mammography is indeterminate in investigating malignant breast tumors. It is
not used for screening, although new technologies for the equipment have improved the ac‐
curacy of this method. On the other hand, it is now indicated when mammography presents
limitations in investigating tumor processes, such as in cases of dense breasts, asymmetrical
density, architectural distortion acquired after the procedures or belonging to the breast, de‐
tection of tumor viability or recurrence, and very small breasts, particularly in men when
breast compression cannot be performed. Lymph node status is also assessed, although with
low sensitivity. 99mTc-Sestamibi (a cation with affinity for malignant tumor processes) is
used, with summing of factors such as negative transmembrane potential, activity, mito‐
chondrial density, cell count and cell mitotic activity.

Figure  17.  Scintimammgraphy.  Breast  carcinoma  in  right  and  left  side  (black  arrows)  and  lymphonodal  meta‐
stase (red arrow).

9. Dacryoscintigraphy

This examination is indicated for cases of epiphora. It is a simple and easy-to-perform ex‐
amination, with administration of microdrops of pertechnetate in the epicanthus of the eyes.
In a normal examination, the radiotracer is expected to progressively pass through the pal‐
pebral fissure, lacrimal canaliculi, lacrimal sac, nasolacrimal ducts and nasal cavity. The re‐
tention or obstruction patterns do not show progression of the radiotracer.
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Figure 18. Dacrioscintigraphy. Normal exam. Radiotracer reachs right nasal cavity (black arrows). Total retention in
billateral lacrimal sacs. Right lacrimal sac (red arrows) and left lacrimal sac (light blue arrows).

10. Radioguided procedures

Radioguided procedures were introduced in the 80s, and are based on the search of concen‐
trated lesions of radioactive material guided by a small detector. There are three types of
procedures: the search for occult and/or radioguided lesion (ROLL), the search of sentinel
lymph node (SLN), and the association of the two methods (SNOLL).

ROLL are lesions with difficult to be found when is necessary to be located for biopsy. The
mean indications are: nonpalpable breast lesions, like a small lesions, deep lesions or micro‐
calcifications; for biopsy of parathyroid, osteoma, bone metastasis and so on.

SNL is the first lymph node to be reached by neoplasms cells from the primary tumor. When
the lymph node was not metastatic, the second lymph nodes are not. Then, the total lym‐
phadenectomy can be avoided (Figure 19 and figure 20).

Figure 19. Breast lymphoscintigraphy. Anterior and left lateral images. After injection of radiopharmaceutical sub‐
stance in left breast (yellow arrows) and SLN in left axillary lymphatic chair ( light blue arrows).
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Figure 20. Billateral breast lymphoscintigraphy. Two sentinel lymph nodes are identified in left and in right axillary
lymphatic chain.

11. Therapy

11.1. Therapy with radioiodine

Radioiodine therapy consists of oral administration of iodine-131 to treat benign and malig‐
nant diseases of the thyroid. Iodine-131 is a beta-emitting radionuclide with a physical half-
life of 8.1 days. The main gamma rays have energy of 364 keV and the beta radiation has
maximum energy of 0.61 MeV, mean energy of 0.192 MeV and tissue reach of 0.8 mm. Be‐
cause of cellular damage it is necessary to have some precautions.

Mean absolute contraindications include: Pregnancy: Female patients of fertile age should
ideally undergo a pregnancy test 72 hours or less before radioiodine therapy. Occasionally,
when the patient’s history clearly demonstrates that there is no possibility of pregnancy, the
test may not have to be done; Breastfeeding: Patients who are breastfeeding have to be ad‐
vised to postpone radioiodine therapy until lactation ceases. This has the aim of minimizing
the radiation absorbed by the breast. Lactation ceases between four and six weeks after de‐
livery when there is no breastfeeding, and four to six weeks after the end of breastfeeding.
This milk should not be stored.

Mean relative contraindications are: Urinary incontinence that is difficult to manage: The
physician should obtain confirmation of the patient’s urinary incontinence in order to take
the necessary measures to avoid contamination through the urine; uncontrollable hyperthyr‐
oidism; active exophthalmia.

The clinical indications for benign disease of thyroid including: hyperthyroidism: Graves’
disease, toxic multinodular goiter and autonomous nodules; non-toxic multinodular goiter:
therapy with iodine-131 has been successfully used to reduce non-toxic multinodular goiter
[15,16](Figure 21).

And for malignant thyroid diseases, specially for: well-differentiated neoplasms of the thy‐
roid that synthesize thyroglobulin. In these cases, iodine-131 has been used to ablate the re‐
mains of the thyroid after total thyroidectomy, and to treat residual cancer and metastatic
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Figure 18. Dacrioscintigraphy. Normal exam. Radiotracer reachs right nasal cavity (black arrows). Total retention in
billateral lacrimal sacs. Right lacrimal sac (red arrows) and left lacrimal sac (light blue arrows).
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disease after total thyroidectomy. Cerebral metastases have to be assessed carefully, since
there is a risk of bleeding and cerebral edema. In general, the more invasive the cancer is,
the bigger the dose will be.

Figure 21. Thyroid scintigraphies. A. Graves’ Disease. Diffuse thyroid uptake. B. Plummer’s Disease. Nodular uptake on
left thyoid lobe with suppression of the gland.

Figure 22. Whole body scan post radioiodine therapy. Radioidine on thyroid tissue and on cervical lymphodes (red
arrows). In another patient, notice lymphonode (green arrows and lung (light blue arrows) metastasis.
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11.2. 131I-meta-iodobenzylguanidine therapy (131I-mIBG)

This consists of 131I-mIBG intravenous infusion, selectively accumulated by neuroectoder‐
mal tissue, including tumours of neuroectodermal origin. Uptake occurs by active via and
passive diffusion. mIBG is a meta isomer of the guanethidine derivative iodobenzylguani‐
dine, stored within cytoplasmic storage granules and 131I.

Common indications include: neuroectodermal tumours derived from the primitive neural
crest, and showing uptake and retention of labeled mIBG, especially in inoperable or malig‐
nant phaeochromocytoma (Figure 23), inoperable or malignant paraganglioma, inoperable
or malignant carcinoid tumour Stage III or IV neuroblastoma, inoperable, malignant medul‐
lary thyroid cancer.

Figure 23. Phaeochromocytoma. Focal uptake in posterior abdomen aspect (red arrows). Late images are better to
identify the lesion.
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11.3.Treatment of refractory metastatic bone pain

Bone pain is a common symptom of metastatic disease in cancer, experienced with vari‐
ous intensities during the development of their disease, generally in the terminal phases.
In addition to other therapies, such as analgesics, bisphosphonates, chemotherapy, hormo‐
nal therapy and external beam radiotherapy, bone-seeking radiopharmaceuticals are also
used for the palliation of pain from bone metastases (Figure 24). Substantial advantages of
bone palliation radionuclide therapy include the ability to simultaneously treat  multiple
sites of disease with a more probable effect in earlier phases of metastatic disease. The tis‐
sue destruction is also based on beta-emitting radionuclide. This therapy consists of intra‐
venous administration of  89Sr-chloride in aqueous solution,  153Sm-EDTMP or 186Re-HEDP
that reaches the osteoblastic or mixed metastasis from prostate, breast, lung or any other
tumor with osteoblastic presentation. Caution is necessary because this therapy develops
myelotoxicity. Usually the bone pain decreased after two weeks depending on the radio‐
nuclide administered [17].

Figure 24. Bone scan. Bone metastasis.Multiple focal uptake on skeletal,
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12. Conclusion

In conclusion, the information about the nuclear medicine applications, based on metabolic
and functional evaluations, make this method a co-adjuvant of the others anatomic exams
on investigation of many pathologies, without competition with them and being preferred
on the functional lesion follow up, metastasis screening and viable tumor issue.
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1. Introduction

The main objective of stem cell therapy is to repair the tissue with functional cells differentiated
from stem cells, and contribute to the lost organ function together with the remaining functional
native cells. Nevertheless, there also remain important questions unanswered, regarding the en‐
graftment, viability, biology and safety of transplanted stem cells, as well as interaction with the
environment. Consequently, novel molecular imaging techniques are necessary for investigat‐
ing the behaviors and the ultimate feasibility of cell transplantation therapy of stem cell.

Along with the rapid development of sensitive, noninvasive technologies, several molecular
imaging approaches have been implicated to track the fate of stem cells in vivo [1-4]. Continuous‐
ly observing the process of tissue regeneration after stem cell transplantation would markedly
improve knowledge about the underlying cellular mechanisms and analysis of the molecular
pathways that control this process. Although, this is inconsistent with the most current studies,
in which the cells are observed in hours or days time point without definite cell population. So
far, there is no single imaging modality that is ideal to observe all the relevant aspects of stem cell
therapy with a continuous manner [5]. The new development of molecular imaging technology
push the researches of stem cell therapy much closer to the single-cell level, and make the obser‐
vation of different types of stem cells more continuous and comprehensive.

2. Promises, challenges, and needs for molecular imaging of stem cell
therapy

Molecular imaging is a rapidly emerging biomedical research discipline that provides inte‐
grated information on specific molecules of interest within the cells of living subjects and
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thus holds great promise as an effective way to track certain cellular and subcellular events
of the transplanted cells [2, 6-8]. The visual representation, characterization, and quantifica‐
tion of biological processes within intact living organisms obtained from molecular imaging
techniques is particularly helpful in evaluations of the functional outcomes of cell engraft‐
ment and may shed light on the mixed findings regarding stem cell therapy. In recent years,
a variety of imaging technologies is being investigated as tools for evaluating stem cell ther‐
apy in living subjects. Molecular imaging modalities include optical bioluminescence, opti‐
cal fluorescence, targeted ultrasound, molecular magnetic resonance imaging (MRI),
magnetic resonance spectroscopy (MRS), single-photon-emission computed tomography
(SPECT), and positron emission tomography (PET) [9]. Moreover, many hybrid systems that
combine two or more of these modalities are already commercially available [9]. The use of
noninvasive, longitudinal, and quantitative imaging of the fate of stem cells can facilitate
preclinical experimental studies in animal models and can help in human stem cell therapy
trials as well.

A wide variety of stem or progenitor cells, including adult bone marrow stem cells, endo‐
thelial progenitor cells, mesenchymal stem cells (MSCs), resident cardiac stem cells, and em‐
bryonic stem cells, have been shown to have positive effects in preclinical studies and
therefore hold promise for treating and curing debilitating and deadly diseases. Several of
these types of stem cells have been tested in early-stage clinical trials, such as MSCs [10], hu‐
man embryonic stem (hES) cells [11]. However, to realize the full therapeutic potential of
stem cell technology, it will be necessary to develop novel and improved quality assess‐
ments that can be used readily to determine the exact cellular state of the transplanted cells.

After the systemic or local administrating, stem cells may be able to proliferate,  migrate
and repopulate in pathologic sites to bring tremendous therapeutic  effect.  However,  the
transplantation success is companied with risks of the stem cell  misbehavior after deliv‐
ered, especially embryonic stem cells [6, 12]. Consequently, real-time visualization of the
fate of the transplanted cells over time in vivo is a vital step to determine the efficiency of
the  implantation.  By  tracking the  optimal  number  of  transplanted cells,  researchers  can
define therapeutic windows and monitor cells growth and possible side effects for regen‐
erative therapies [13].

The ability to label and track stem cells in humans would provide a method to answer some
of the ongoing, unsolved issues in the field. The most efficacious route of delivery, the ap‐
propriate choice of stem cell type(s), the optimal cell population for treatment in a chronic
setting and the favorable time-point of cell delivery, however, is still unknown and requires
further study. A safe, noninvasive, and repeatable imaging modality that could identify in‐
jected stem cells would be able to answer questions about cell viability and retention in fu‐
ture clinical trials of stem cell therapies, as well as provide the ability to adjust the
assessment of bioactivity on the basis of actual delivered doses of cells. With the desire to
monitor stem cells long-term continuously with high temporal resolution and good biocom‐
patibility, which have the properties of differentiation and self-renew over long periods of
time, stem-cell-derived regeneration still faces in its efforts to improve.

Medical Imaging in Clinical Practice64

Despite significant progress in molecular imaging, no single technique meets all the stem
cell tracking criteria. Combined imaging modalities, such as PET-CT, are already well ac‐
cepted and offer high sensitivity and anatomical detail [14]. Multimodality imaging ap‐
proaches are likely to play an important role in illuminating different aspects of stem cell
biology in vivo and elucidating the mechanisms of tissue repair and regeneration. In brief,
noninvasive imaging stem cell therapy could provide greater insight into not only the thera‐
peutic benefit, but also the fundamental mechanisms underlying stem cell fate, migration,
survival and engraftment in vivo.

3. Approaches and implications of stem cell imaging

A number of methods are available to track stem cells by molecular imaging. In general,
there are two methods to label the cells: [1] direct labeling method, which physically intro‐
duce marker(s) into the cells before transplant; [2] indirect labeling method, which genetical‐
ly introduce reporter gene(s) into the cells before transplant. The current noninvasive
imaging approaches for tracking stem cells in vivo include imaging with magnetic particles,
radionuclides, quantum dots (QDs) and reporter genes (Figure 1).

Figure 1. Conceptual basis for noninvasive imaging of transplanted stem cells in living animals. It shows imaging tech‐
niques including magnetic resonance imaging, radionuclide imaging, quantum dots imaging and reporter gene imag‐
ing. Abbreviations: Gd-DTPA, gadolinium-diethylenetriamine penta-acetic acid; SPIO, superparamagnetic iron oxide;
99mTc, 99mTc-hexamethylpropylene amine oxime; 111In-Oxine, 111In-oxyquinoline.
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Imaging of stem cell therapy requires the selection of a molecular target, an imaging probe,
and an imaging system. Specific molecular targets along with advances in imaging modali‐
ties increase the sensitivity and specificity of stem cell imaging. The commonly used label‐
ing methods are discussed below.

3.1. Magnetic particle labeling

Possessing the advantages of high spatial resolution (ranging from 50μm in animal and up
to 300μm in whole body clinical scanners) and high temporal resolution, magnetic reso‐
nance imaging (MRI) is widely used for in vivo cell tracking in preclinical and clinical stud‐
ies. The fundamental principle underlying MRI is magnetic dipoles (such as hydrogen
atoms in water and organic compounds), which align themselves when placed into a mag‐
netic field. To be tracked in ischemic tissues, stem cells need to be enriched with a contrast
agent that produces a sufficient positive or negative signal to distinguish them from the
background. One type of contrast agents is the agent containing gadolinium-diethylenetria‐
mine penta-acetic acid (Gd-DTPA), and the other type is the agent containing super para‐
magnetic iron oxide (SPIO). At present, SPIO are the preferred agent for short-term stem cell
tracking. With the high spatial and temporal resolution, MRI allows the location of iron-la‐
beled donor cells to be monitored noninvasive over several weeks in vivo [3, 15]. However, it
is difficult to distinguish iron-labeled cells from the surrounding air, hemorrhage, necrosis,
and macrophages. To address these problems, off-resonance (OR) MRI has been developed
for imaging iron-labeled hES cells to generate positive contrasts through enhancement of
signal and suppression of background tissue [3].

3.2. Radionuclide labeling

Radionuclide imaging techniques, including positron emission tomography (PET) and sin‐
gle-photon emission computed tomography (SPECT),  allow the  imaging of  radiolabeled
makers and their interaction with biochemical processes in living subjects. Current clinical
molecular imaging approaches primarily use PET or SPECT-based techniques. Compared
with MRI, PET and SPECT provide high intrinsic sensitivity (<10-11M) and can use a variety
kind of imaging agents. With the improvements in spatial resolution (1-2mm), radionuclide
imaging has been made particularly suitable for cell tracking. Direct labeling of cells with
radiometals in clinical practice has used 111In-oxyquinoline and 99mTc-hexamethylpropylene
amine oxime. Imaging plays a role in monitoring short-term cell tracking, long-term cell
survival and function, and as a surrogate marker of implant efficacy. Labeling implanted
cells with relatively long-lived isotopes, such as 111In-Oxine for SPECT and 64Cu for PET, al‐
lows shorten, real-time cell tracking, to determine biodistribution and availability in the tar‐
get organ [16].

However, these cell-labeling techniques have some significant disadvantages. They are lim‐
ited by concerns such as the potential transfer of radiotracer to nontargeted cells and poten‐
tial adverse effects of the radiotracer on stem cell viability, function, and differentiation
capacity. Thus, the effects of labeling on the capacity to differentiate stem cells of various
origins are needed to be studied.
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3.3. Nanoparticle labeling

QDs are emerging as an important class of fluorescent agents. Luminescent colloidal QDs
are inorganic semiconductor particles with physical properties that enable them to emit flu‐
orescent light from 525 to 800 nm. The nanoparticles are consisting of an inorganic core, a
shell of metal and an outer organic coating. The total diameter of quantum dots is 2–10 nm
[17], depending on the physical properties of the material due to the quantum nature of
QDs. With the capability of being excited by one single wavelength and emission light of
different wavelengths, QDs are ideal probes for multiplex imaging. By contrast, convention‐
al organic labeling agent cannot be easily synthesized to emit different colors and have nar‐
row excitation spectra and broad emission spectra, making it difficult to use these dyes for
multiplexing. Due to their extreme brightness and resistance to photobleaching [18], QDs
are appropriate for live stem cells imaging, which requires long-term observation under the
excitation light source. The approaches of QDs entering stem cells include passive loading,
receptor-mediated endocytosis or transfection. Passive loading has been found to be the
most effective method owning to the high label efficient and limited damage to surrounding
cells. QDs are capable of single quantum dot tracking, multiplex imaging, and 3-D imaging
reconstruction.

Unquestionable, quantum dots represent a novel strategy to tracking stem cells in vivo.
However, the effects of QDs on stem cell biology remain unclear because mixed results have
been reported using different stem cells or experimental protocols [19, 20]. Moreover, light
scattering limits the applicability of this approach, especially to the brain in humans, making
it difficult to use in 3D localization or quantitative estimation of cell survival. Last, several
other obstacles, including nonspecific binding to multiple molecules and the tendency for
aggregation of QDs in the cytosol must be overcome before clinical application with their
full potential.

3.4. Reporter gene labeling

Reporter gene imaging has been commonly applied to the non-invasive imaging of stem cell
therapy by studying the survival, localization, and functional effects of exogenously admin‐
istered stem cells. Imaging of gene expression in living subjects can be directed either at
genes externally transferred into cells of organ systems (transgenes) or at endogenous genes,
and the former one is used in most applications of reporter gene imaging at present. The
principle of reporter gene imaging is relatively simple. In general, reporter genes are DNA
sequences that encode for easily assayed proteins. In the case of imaging, reporter genes en‐
code for a reporter protein that, when exposed to an imaging probe, produces an analytic
signal which can be generates some form of signal that can be captured and quantified by an
imaging modality such as MRI(21), PET(22), SPECT(16), or an optical charge-coupled device
[6]. Reporter genes can be linked to a gene of interest (i.e., creation of a promoter construct)
such that the reporter protein provides a surrogate marker of that gene’s activity.

In the fields of stem-cell-driven regeneration, some conventional reporter genes, such as
green fluorescent protein (GFP) [7], firefly luciferase [23], renilla luciferase [24], and HSV1-tk
[25] allow for localization in some small living animals. Stable transfection or transduction
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imaging has been made particularly suitable for cell tracking. Direct labeling of cells with
radiometals in clinical practice has used 111In-oxyquinoline and 99mTc-hexamethylpropylene
amine oxime. Imaging plays a role in monitoring short-term cell tracking, long-term cell
survival and function, and as a surrogate marker of implant efficacy. Labeling implanted
cells with relatively long-lived isotopes, such as 111In-Oxine for SPECT and 64Cu for PET, al‐
lows shorten, real-time cell tracking, to determine biodistribution and availability in the tar‐
get organ [16].

However, these cell-labeling techniques have some significant disadvantages. They are lim‐
ited by concerns such as the potential transfer of radiotracer to nontargeted cells and poten‐
tial adverse effects of the radiotracer on stem cell viability, function, and differentiation
capacity. Thus, the effects of labeling on the capacity to differentiate stem cells of various
origins are needed to be studied.
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genes externally transferred into cells of organ systems (transgenes) or at endogenous genes,
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sequences that encode for easily assayed proteins. In the case of imaging, reporter genes en‐
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with reporter genes is useful in assessing kinetic survival status of the implanted cells be‐
cause the reporter genes can be expressed as long as the cells are alive. However, the report‐
er gene approach in cell tracking requires genetic manipulations of the cells, which may lead
to insertional mutagenesis. The advances in site-specific chromosomal integration mediated
by phiC31 integrase may cast a new light in overcoming this obstacle [2]. Although small
animals or animals transparent to light can be imaged with a cooled charged coupled device
(CCD) camera, these imaging techniques are somewhat limited because of their lack of gen‐
eralizability and detailed tomographic resolution.

4. Advances in molecular imaging for tracking stem cell therapy

Stem cell therapies offer enormous potential for the treatment of a wide range of diseases
and injuries including neurodegenerative diseases, cardiovascular disease, diabetes, arthri‐
tis, spinal cord injury, stroke, and burns. More research teams are accelerating the use of
other types of adult stem cells, in particular neural stem cells for diseases where beneficial
outcome could result from either in-lineage cell replacement or extracellular factors. At the
same time, the first three trials using cells derived from pluripotent cells have begun [12].
These early trials are showing roles for stem cells both in replacing damaged tissue as well
as in providing extracellular factors that can promote endogenous cellular salvage and re‐
plenishment [26].

Clinical trials have demonstrated that stem cell therapy can improve cardiac recovery after
the acute phase of myocardial ischemia and in patients with chronic ischemic heart disease
[10]. Nevertheless, some trials have shown that conflicting results and uncertainties remain
in the case of mechanisms of action and possible ways to improve clinical impact of stem
cells in cardiac repair [27]. The public clinical trials database http://clinicaltrials.gov shows
238 clinical trials using MSCs for a very wide range of therapeutic applications. Although
early clinical trials of stem cell therapy have showed positive effect, there remains much
controversy about which cell type holds the most promise for clinical therapeutics and by
what mechanism stem cells mediate a positive effect, and further research should be able to
answer these questions.

4.1. Imaging of embryonic stem cells driven regeneration

Embryonic stem cells (ESCs) are pluripotent stem cells capable of self-renewal and differen‐
tiation into virtually all cell types [28]. Various lineages have been derived from human and
mouse ESCs, including cardiomyocytes, neurons, hematopoietic cells, osteogenic cells, hepa‐
tocytes, insulin-producing cells, keratinocytes, and endothelial cells. Given their unlimited
self-renewal and pluripotency capacity, ESCs have been regarded as a leading candidate
source for novel regenerative medicine therapy. So far, ESCs transplantation has been wide‐
ly investigated as a potential therapy for cell death-related heart disease, ischemic diseases,
CNS disorders and diabetes. However, the bottleneck of application of ESC driven regenera‐
tion is high risk of teratoma formation in vivo [3, 6].
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The concurrent development of accurate, sensitive, and noninvasive technologies capable
of monitoring ESCs engraftment in vivo has greatly accelerated basic research prior to fu‐
ture  clinical  translation.  Numerous  imaging  modalities  have  analyzed  the  behavior  of
embryonic  stem  cells  that  have  been  transplanted  to  regenerate  tissues,  which  include
MRI,  bioluminescence  imaging  (BLI),  fluorescence,  PET,  and  multimodality  approaches.
Two main PET strategies  for  embryonic  stem cell  has been used——direct  imaging [29]
and  indirect  imaging  [30].  Although  the  value  of  PET  lies  in  its  easy  accessibility  and
high-sensitivity tracking of  biomarkers,  potential  disadvantages of  PET include repeated
injection of radioactive substances into an organism with the potential to radiation accu‐
mulation [31] and adverse effect on ESCs viability and pluripotency capacity [32]. Addi‐
tionally, the short half-lives of most current available radiotracers have limited their use
for long-term tracing [33]. MRI has been used for tracking mouse ESCs [34] in the heart,
hind limbs,  brain,  lung and kidney.  Meanwhile,  MRI is  accessible for tracking ESCs en‐
graftment,  providing  detailed  morphological  and  functional  information.  Drawbacks  of
MRI include low sensitivity and being unable to quantify cell  population.  However,  the
use of CLIO-Tat peptides [35]is promising to overcome some of these limitations.  Hold‐
ing the significant advantage of high sensitivity (100-1000 cells, for more superficial ana‐
tomical  sites),  safety,  low  cost  and  the  repeated  tracking  of  small  numbers  of  labeled
cells  in  whole  body distribution without  background signal,  BLI  is  widely  used in  this
field.  Zongjin  Li,  et  al.  have compared of  BLI  and MRI for  tracking fate  of  hESCs and
hESC derived endothelial cells (hESC-ECs) in animals, data of which prove that reporter
gene of BLI is a better marker for monitoring ESCs and ESC-ECs viability and MRI is a
better marker for high-resolution detection of cell  location. Nevertheless,  at present,  bio‐
luminescence imaging still  lacks adequate tomographic resolution because of attenuation
of photons within tissues [3]. An innovative approach to combine the strengths of optical
fluorescence,  bioluminescence,  and PET is  the creation and use of a fusion reporter [36]
construct  composed  of  RFP,  Fluc,  and  HSV-tk.  This  fusion  reporter  construct  has  been
adapted  to  research  the  spatio-temporal  kinetics  of  hESC engraftment  and proliferation
in  living  subjects,  without  significant  adverse  effects  on  mouse  ESC viability,  prolifera‐
tion, differentiation, or proteomic expression [37].

4.2. Imaging of mesenchymal stem cells driven regeneration

Mesenchymal stem cells (MSCs) are a heterogeneous subset of stromal stem cells that can
differentiate into cells of the mesodermal lineage, such as bone, fat and cartilage cells, but
they also have endodermic and neuroectodermic differentiation potential. The use of MSCs
for clinical purposes takes advantage of their poor immunogenicity in vitro. Preclinical [38]
and clinical [39, 40] studies have supported the possible use of MSCs obtained from alloge‐
neic donors in the clinic. In preclinical researches, MSCs have been applied in tissue regener‐
ation, including haematopoietic organs, heart, CNS, skin, kidney, liver, lung, joint, eye,
pancreas and renal glomeruli. The current data indicate that bone-marrow-derived MSCs
were first proposed for therapeutic purposes in regenerative medicine on the basis of their
stem-cell-like qualities [41].
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The versatility of the molecular imaging method could allow cellular tracking using single
or multimodal imaging modalities. These single methods include direct labeling of cells for
transplantation with iron oxide particles for MRI, with 18F-hexafluorobenzene or 18F-FDG for
PET, or with 111In-oxine or 111In-tropolone for SPECT. Noninvasive MRI is fast becoming a
clinical favorite, though there is scope for improvement in its accuracy and sensitivity. In
that, use of superparamagnetic iron-oxide nanoparticles (SPION) as MRI contrast enhancers
may be the best select for tracking MSC treatment delivery and monitor outcome [42, 43].
Indirect labeling relies on the expression of imaging reporter genes transduced into cells be‐
fore transplantation. A classic example of using reporter gene tracing MSCs transplantation
is the research by Zachary Love, et al. They have used a triple-fusion reporter system (fluc-
mrfp-ttk) for multimodal imaging to monitor hMSCs transplanted into NOD-SCID mice.
Signals from the cubes loaded with reporter-transduced hMSCs were visible by BLI over 3
mo, meanwhile, PET data provided confirmation of the quantitative estimation of the num‐
ber of cells at one spot (cube) [44]. The reporter gene approach resulted in a reliable method
of labeling stem cells for investigations in small-animal models by use of both BLI and
small-animal PET imaging.

4.3. Imaging of neural stem cell therapy

Neural stem cells (NSCs)-driven regeneration has been proposed as a promising potential
treatment option for CNS-related disease processes, including everything from cerebrovas‐
cular disease to traumatic brain injury to degenerative diseases of the CNS. Grafted NSCs
differentiated into neurons, into oligodendrocytes undergoing remyelination and into astro‐
cytes extending processes toward damaged vasculatures [45]. At present, Applications of
NSCs therapy of neurological diseases, including Alzheimer’s disease, Huntington disease,
stroke, spinal cord injuries in preclinical researches have raised intense interest and the hope
of radical new therapies in clinical.

In contrast  to most  tissues in adults,  the central  nervous system has a low regenerative
activity, and neural stem cells reside in regions of the adult brain that are difficult to ac‐
cess  by  most  imaging modalities  [5]  owning to  tissue  depth  and the  blood-brain  barri‐
er(BBB).  The  most  promising  techniques  for  monitor  the  fate  of  NSCs in  vivo  are  MRI,
PET and optical imaging. MRI has been used in clinical practice for the past 30 years to
diagnose  brain  lesions  and is  therefore  already a  standard clinical  adjunct  for  neuropa‐
thologies.  Other  than  SPIO,  which  is  the  most  studied  and  preferred  contrast  agent  of
MRI, magnetic resonance reporter genes [46] are another possible means of magnetic res‐
onance labeling NSCs.  However,  this  technique is  still  in  its  infancy,  further  study into
the possibility of magnetic resonance reporter genes is needed before this technology can
be used for NSCs. MRI has been used in tracing neural stem cells labeled with SPIO in
patient  with  brain  trauma  [47].  The  hypointense  signal  generated  by  the  cells  demon‐
strated cell trace from the implantation site to the periphery of the lesion the first week,
and then disappeared by the seventh week, which the group attributed to NSC prolifera‐
tion.  PET  has  been  used  clinically  for  the  past  20  years  to  assess  for  neurotransmitter
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changes in  a  wide variety of  disease processes,  including Parkinson’s  disease,  Alzheim‐
er’s  disease,  Huntington’s  disease  and  psychiatric  illnesses.  In  vivo  PET  imaging  for
NSCs  requires  the  potential  radiotracers  in  the  brain  owning  the  capacity  of  crossing
BBB.  A  solution  to  the  BBB  problem  could  be  the  use  of  the  xanthine  phosphoribosyl
transferase  reporter  enzyme  PET  system,  which  employs  xanthine  reporter  probes  that
can  cross  the  BBB  [48].  With  regard  to  in  vivo  NSCs  imaging,  bioluminescence  is  the
most  studied  of  the  optical  imaging  techniques  and  has  been  employed  in  numerous
small animal studies. Improvement of the existing imaging modalities, assessment of the
effect of imaging modalities on cellular biology, and development of new techniques for
in vivo NSC imaging, would open up the window of the use of NSCs for various neuro‐
pathologies.

4.4. Imaging of hematopoietic stem cell transplantation

Hematopoiesis  is  described  to  be  the  production  of  all  types  of  fully  differentiated
daughter  blood cells  from ancestral  great-grandmother hematopoietic  stem cells  (HSCs).
HSCs studies and clinical  applications have historically been ahead of  other tissue stem
cells  and have generated most  stem cell  biology models.  However,  hematopoiesis  is  ar‐
guably among the most difficult of the mammalian stem-cell  systems to image real-time
in vivo  [5].  In homeostatic conditions, the different short-lived cell types of blood are re‐
generated from a small population of HSCs [49],  while a significant proportion of HSCs
with long-term reconstitution potential is predominantly quiescent or divides infrequent‐
ly.  The  HSC  niche  is  most  likely  a  complex,  multi-component  microenvironment  of
which the osteoblast is just one of the major constituents identified so far. Thus, non-in‐
vasive long-term imaging is more challenging in the bone marrow. Hematopoiesis is bet‐
ter  understood than other  stem-cell  systems and has  important  clinical  significance,  but
despite  intensive research in  the past  decade,  many basic  questions  are  still  unresolved
[50].  MRI  [51],  bioluminescence  imaging [52],  and multiphoton fluorescence  microscopy
[53] had been applied in continuous observation of cellular behavior of HSCs. Mentiona‐
ble,  continuous  observation  of  hematopoietic  progenitor  cells  in  the  bone  marrow  was
achieved at single-cell resolution by using multiphoton fluorescence microscopy after the
transplantation,  filling  the  gap  of  low  single  cell  sensitivity  and  resolution  of  the  first
two  modalities.  The  transplantation  option  of  multiphoton  fluorescence  microscopy  is
clinically relevant because HSC transplantation is used to treat patients with hematologi‐
cal malignancies such as leukemia and multiple myeloma. Multiphoton fluorescence mi‐
croscopy was also  used to  observe the  homing of  normal  and malignant  hematopoietic
progenitor  cells  in  the  bone marrow and to  characterize  the  specialized niches  of  these
cells [54].

4.5. Imaging of endothelial progenitor cell therapy

Endothelial progenitor cells (EPCs) recruitment is often involved in the tissue injury trig‐
gered reparative processes, and contribute to healing ischemic tissues. Transplantation of
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The versatility of the molecular imaging method could allow cellular tracking using single
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cytes extending processes toward damaged vasculatures [45]. At present, Applications of
NSCs therapy of neurological diseases, including Alzheimer’s disease, Huntington disease,
stroke, spinal cord injuries in preclinical researches have raised intense interest and the hope
of radical new therapies in clinical.

In contrast  to most  tissues in adults,  the central  nervous system has a low regenerative
activity, and neural stem cells reside in regions of the adult brain that are difficult to ac‐
cess  by  most  imaging modalities  [5]  owning to  tissue  depth  and the  blood-brain  barri‐
er(BBB).  The  most  promising  techniques  for  monitor  the  fate  of  NSCs in  vivo  are  MRI,
PET and optical imaging. MRI has been used in clinical practice for the past 30 years to
diagnose  brain  lesions  and is  therefore  already a  standard clinical  adjunct  for  neuropa‐
thologies.  Other  than  SPIO,  which  is  the  most  studied  and  preferred  contrast  agent  of
MRI, magnetic resonance reporter genes [46] are another possible means of magnetic res‐
onance labeling NSCs.  However,  this  technique is  still  in  its  infancy,  further  study into
the possibility of magnetic resonance reporter genes is needed before this technology can
be used for NSCs. MRI has been used in tracing neural stem cells labeled with SPIO in
patient  with  brain  trauma  [47].  The  hypointense  signal  generated  by  the  cells  demon‐
strated cell trace from the implantation site to the periphery of the lesion the first week,
and then disappeared by the seventh week, which the group attributed to NSC prolifera‐
tion.  PET  has  been  used  clinically  for  the  past  20  years  to  assess  for  neurotransmitter
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changes in  a  wide variety of  disease processes,  including Parkinson’s  disease,  Alzheim‐
er’s  disease,  Huntington’s  disease  and  psychiatric  illnesses.  In  vivo  PET  imaging  for
NSCs  requires  the  potential  radiotracers  in  the  brain  owning  the  capacity  of  crossing
BBB.  A  solution  to  the  BBB  problem  could  be  the  use  of  the  xanthine  phosphoribosyl
transferase  reporter  enzyme  PET  system,  which  employs  xanthine  reporter  probes  that
can  cross  the  BBB  [48].  With  regard  to  in  vivo  NSCs  imaging,  bioluminescence  is  the
most  studied  of  the  optical  imaging  techniques  and  has  been  employed  in  numerous
small animal studies. Improvement of the existing imaging modalities, assessment of the
effect of imaging modalities on cellular biology, and development of new techniques for
in vivo NSC imaging, would open up the window of the use of NSCs for various neuro‐
pathologies.

4.4. Imaging of hematopoietic stem cell transplantation

Hematopoiesis  is  described  to  be  the  production  of  all  types  of  fully  differentiated
daughter  blood cells  from ancestral  great-grandmother hematopoietic  stem cells  (HSCs).
HSCs studies and clinical  applications have historically been ahead of  other tissue stem
cells  and have generated most  stem cell  biology models.  However,  hematopoiesis  is  ar‐
guably among the most difficult of the mammalian stem-cell  systems to image real-time
in vivo  [5].  In homeostatic conditions, the different short-lived cell types of blood are re‐
generated from a small population of HSCs [49],  while a significant proportion of HSCs
with long-term reconstitution potential is predominantly quiescent or divides infrequent‐
ly.  The  HSC  niche  is  most  likely  a  complex,  multi-component  microenvironment  of
which the osteoblast is just one of the major constituents identified so far. Thus, non-in‐
vasive long-term imaging is more challenging in the bone marrow. Hematopoiesis is bet‐
ter  understood than other  stem-cell  systems and has  important  clinical  significance,  but
despite  intensive research in  the past  decade,  many basic  questions  are  still  unresolved
[50].  MRI  [51],  bioluminescence  imaging [52],  and multiphoton fluorescence  microscopy
[53] had been applied in continuous observation of cellular behavior of HSCs. Mentiona‐
ble,  continuous  observation  of  hematopoietic  progenitor  cells  in  the  bone  marrow  was
achieved at single-cell resolution by using multiphoton fluorescence microscopy after the
transplantation,  filling  the  gap  of  low  single  cell  sensitivity  and  resolution  of  the  first
two  modalities.  The  transplantation  option  of  multiphoton  fluorescence  microscopy  is
clinically relevant because HSC transplantation is used to treat patients with hematologi‐
cal malignancies such as leukemia and multiple myeloma. Multiphoton fluorescence mi‐
croscopy was also  used to  observe the  homing of  normal  and malignant  hematopoietic
progenitor  cells  in  the  bone marrow and to  characterize  the  specialized niches  of  these
cells [54].

4.5. Imaging of endothelial progenitor cell therapy

Endothelial progenitor cells (EPCs) recruitment is often involved in the tissue injury trig‐
gered reparative processes, and contribute to healing ischemic tissues. Transplantation of
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EPCs offers the potential for targeted treatment of ischemic diseases such as myocardial [55],
hind-limb ischemia [56], and renal injury [57]. Considerable efforts have been made to moni‐
tor the fate of endothelial progenitor cells fate in vivo using the in vivo molecular imaging
modalities, such as PET [58], computed tomography(CT) [59], MRI [56], BLI [60]. Micro-CT
has been applied in studies of EPCs in rat, pig and human beings. In the research of homing
and renal repair function of EPCs in renovascular disease [59], renal hemodynamics and
function were assessed in pigs by multidetector computed tomography, showing that EPCs
are renoprotective as they attenuated renal dysfunction and damage in chronic atheroscler‐
otic renal artery stenosis, and consequently decreased the injury signals. Based on the previ‐
ous research, maybe CT is promising in clinical application of endothelial progenitor-driven
regeneration.

5. Ideal imaging modalities for stem cell therapy

Currently, none individual imaging modalities can fill the bill of flawless, without limita‐
tions in the spatial and/or temporal resolution or the time span and/or volume that can be
observed in a single experiment.  The use of  direct  labeling,  with labeling agent such as
SPIO or 18F-FDG is hindered by signal decrease, as a result of radio-decay or cell division
or  cell  dispersion.  Additionally,  the  label  may  become  dissociated  from  the  exogenous
stem cell. Thus, direct labeling may not be a reliable means of monitoring long-term cell
viability. On the contrary, this approach is a valid method to observing the stem cell de‐
livery and homing properties. Meanwhile, Reporter gene imaging offers unique capabili‐
ties  for  noninvasive  and  longitudinal  measurement  to  determine  cell  biology  and  cell
viability.

Fundamentally, the choice of modality depends on the questions being addressed (Table
1). If the objective of the research is to image the delivery and early cell localization and
homing of stem cells in different organs, a direct labeling approach may be the answer,
even though potential toxicity must be taken into account. MRI is among the least inva‐
sive  of  available  imaging technologies,  equipped with  expensive  new experimental  ma‐
chines,  which  provide  almost  the  highest  spatial  and  high  temporal  resolution  for
continuous single-cell delivery imaging. But the molecular sensitivity of MRI is lower than
other  modalities  such  as  radionuclide  imaging.  Radionuclide  imaging  modalities  (PET,
SPECT)  have  been  successfully  and  extensively  used  with  high  intrinsic  sensitivity,  al‐
though they may not provide sufficient spatial resolution. On the other hand, if observa‐
tion of stem cell biology and interaction with microenvironment or long-term monitoring
of cell viability is the goal, reporter gene imaging using optical imaging (bioluminescence,
fluorescence), PET/ SPECT imaging, MR imaging appears to be a better option. For exam‐
ple, if a study is about ESCs derived myocyte, use of a reporter gene that is driven by a
promoter that will  only be activated when the cell  has the features of an adult myocyte
(i.e., expresses the sarcomeric protein Troponin T) can provide the information of stem cell
differentiation into goal histiocyte.
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Table 1. The different imaging strategies of stem cell trafficking and guide to finding the appropriate molecular
imaging modalities
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6. Conclusions

Stem-cell-driven regeneration offers tremendous approach for the treatment of intractable
diseases. Tracking the fate of implanted cells is vital to monitor the delivery and viability of
the grafts over extended periods of time. Molecular imaging represents one such tool that
can provide insight into cell survival and proliferation following transplantation into the tis‐
sue. The greatest potential for optimizing imaging approaches for regeneration research
probably lies in applying new insights from stem-cell biology and the development of mo‐
lecular imaging. As experimental techniques and molecular imaging technologies progress,
the potential benefits of regenerative medicine should be a strong motivation to continuous‐
ly improve imaging technology that will enable stem-cell-driven regeneration in mammals
to be more understood. Efforts now should focus on the development of novel labeling
agent and multimodality approaches to increase perception of regenerative medicine, and
promote the clinical translation of these techniques.
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1. Introduction

Introduced to the medical field in the 1950s, ultrasound has applications across the spectrum
of modern medicine including cardiology, urology, obstetrics, gynecology and abdominal
imaging (kidneys, liver, spleen, gallbladder and pancreas excluding stomach and intestines
which contain of air which blocks ultrasound). Vascular imaging is used especially for large
vessels like the aorta. Ultrasound is also used as a guide in surgeries.

Although ultrasound is real-time, non-invasive, highly cost-effective [1], portable and uses
non-ionizing radiation, its benefits are offset by penetration and resolution limitations. As a
result, it has been coexists with computed tomography (CT) and magnetic resonance imag‐
ing (MRI) [2, 3]

The main goal of this research is to improve the quality and the usefulness of the ultrasound
image. We present a supercompounding technique [4] which can be described as a two-di‐
mensional spin average method. The supercompounding technique is one kind of spatial
compounding. Unlike conventional compounding which typically uses a 30 degrees to 60
degrees compounding range, our spatial compounding technique which we have termed
“supercompounding” uses a B-mode array that rotates around a target in a range of 120 de‐
grees or greater. The experiments in the research use complete 360 degrees scanning to opti‐
mize results. We find that the quality of the ultrasound images is improved and whether the
use of the ultrasound imaging can be extended to other applications. Our results suggest
that, this technique will extend the limits of ultrasound imaging while preserving all its cur‐
rent benefits.

1.1. Ultrasound imaging system

The imaging system used in this research is the GE RT-3200 ultrasound imager, a relatively
primitive early generation two-dimensional imager compared to modern equipment. The ba‐

© 2013 Chiu et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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sic principles of commercial ultrasound are pitch and catch. The ultrasound waves are typical‐
ly transmitted and received by transducers. In medical applications, reflection systems are
virtually universal due to the ease of use of hand-held transducer. Such pulse-echo systems
catch the reflected ultrasound waves and only one transducer is needed. Ultrasound waves are
sent to an object and reflected with time delay between the transmission of the beams and the
arrival of the reflected signals. All objects are taken with either a linear 7.5 MHz or a curvilin‐
ear 3.5MHz transducer. Although the GE RT-3200 is an early generation ultrasound imaging
system, the results in the r should be evaluated with respect to the degree of image improve‐
ment. It is because the supercompounded image is integrated from hundreds of raw ultra‐
sound images. If the quality of raw images is improved by modern equipments, with better
compounding materials, it can result in an even better supercompounded images.

1.2. Types of ultrasound artifacts

Compared with CT and MRI, ultrasound images have lower signal-to-noise ratio because ul‐
trasound waves are highly distorted when traveling through the tissues. The ultrasound im‐
age is constructed from the interactions between the transmitted ultrasound waves and the
imaged tissues. Once the reflected ultrasound waves are distorted or compromised, the re‐
sultant image will incur artifacts that either omit or add erroneous information.

The following list states artifacts occurred in the experiments in this research and Figure 1
shows how they appear on the clinical ultrasound image.

Figure 1. Artifacts: The object is a dissected rat thigh tightened with a supported wood stick placed in water bath and
the image is taken using the 7.5 MHz linear transducer. Region 1 shows the reverberations, the reverberations are
caused by the mismatched impedances between the wall of the water container (assembled by four 5 millimeters
thick acrylic plates) and waters. Region 2 shows the shadow behind a side wall of the supported wood stick. Since the
wood material is highly reflective, the stick blocks all ultrasound waves and it results the shadow. Region 3 shows a
mirror reverberant image. It usually happens when a high reflective object is imaged. The reflected ultrasound waves
are reflected again by the surface of the transducer and it makes the same ultrasound beams travel twice distance but
with the same results. Therefore, the same or similar structures lies at the twice depth on the image. Region 4 shows
speckles which come from the scattered ultrasound waves.

Medical Imaging in Clinical Practice84

• Reverberation: Reverberations are multiple lines behind the physical objects normally
found on the boundaries between two media, especially when the acoustic impedances of
two materials are significantly mismatched as shown in Figure 2. The first and the second
reflections represent the superficial and the deep boundaries of the second medium. The
third to the nth reflections are the reverberations coming from the trapped ultrasound
waves in the second medium. The fraction of the ultrasound waves that is reflected de‐
pends on the reflection coefficient between the two media.

• Shadows: Three scenarios cause shadows on ultrasound images. Shadows are caused ei‐
ther by a large impedance mismatch, a highly angled boundary or a highly absorptive
material.

Unlike reverberations, where only parts of the ultrasound waves can penetrate through the
boundaries and are trapped in the second medium, all the ultrasound waves can be totally
blocked due to an even greater impedance mismatch. Since no waves penetrate the second
medium, there is no information returning from the area behind the high reflective objects.

Figure 2. Illustration of reverberations. Reverberations show as multiple lines as the ultrasound waves bounce back
and forth in the second medium, resulting from the mismatched impedances between the medium 1 and 2.

Acoustic absorptive materials can cause the shadowing effect for another reason. If ultra‐
sound waves are totally absorbed by the target material, shadows will also result because no
waves return to the transducer.

The third scenario is caused by the shape, not the material of the object. As illustrated in
Figure 1, the incident ultrasound waves contact the boundaries and the reflected waves
bounce back to the transducer. When the incident angle is large enough, the reflected ultra‐
sound waves are not reflected back to the transducer. Large incident angle scan cause low
intensities (parts of the reflected waves going back to the transducer) or even shadows (all
waves redirecting away from the transducer) behind the boundaries on the image.

• Mirror reverberant images: A reverberant image occurs when the same structure appears
twice. When the reflected ultrasound waves return to the transducer with enough energy
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to perform a second reflection on the surface of the transducer. It gives the same results
with twice traveling distance for the same ultrasound waves; therefore, the ultrasound
imaging systems are misled causing apparent imaging of nonexistent structures lying at
the twice the depth of the original object.

• Speckles: Ideally when the ultrasound waves contact the object, the waves are either re‐
flected or transmitted. However, small portions of the ultrasound waves can interfere co‐
herently. The accumulation of random scatterings in the tissue volume results in intense
fluctuations on the image that degrades its quality. The resultant speckle pattern can be
modeled geometrically as a random walk of component phasor [6].

1.3. Point spread function

The response of an imaging device to a point object is described as a point spread function
(PSF), a blurring process intrinsic to many imaging modalities. As a result, the acquired im‐
ages can be convolved with a PSF. This phenomenon makes the general image function de‐
scribed by[7]:

i(x, y)= ∬h (x, y;ξ, η)ir(ξ, η)dξdη (1)

where i is the obtained image, h is a generalized PSF and (x, y; ξ, η) are the output and input
pair coordinates in input and output planes, with ir being the spatial distribution or raw im‐
age before convolving with the PSF. The equation 1 shows a space variant PSF. The true spa‐
tial distribution is blurred by the PSF. PSFs are space variant in most ultrasound imaging
systems, especially due to focusing, as illustrated in Figure 3. Since there is no closed form
relationship between input and output signals, further image enhancement is difficult. In
the most probable scenario, the algorithms that work at certain regions are not applicable to
the whole image. Due to non-stationary PSFs, space variant algorithms have to be used. If
the image has a regularized PSF, it can be expressed using the convolution operation:

i(x, y)= ∬h (x - ξ, y - η)ir(ξ, η)dξdη (2)

Space invariant algorithms can be used to improve its quality. Supercompounding provides an
image with a more regularized PSF. “Regularized” implies that the lateral and axial resolu‐
tions are the same; indeed a circularly symmetric point spread function. This benefit can allow
linear filtering to become more efficient and reliable and to simplify the image processing.

We propose an enhanced compounding technique which we term supercompounding. It
generates integrated information collected around the object from wide acquisition angles
into a single image. It has significant improvements in SNR, contrast and spatial resolution,
artifact and speckle reduction and PSF regularization (more constant and symmetric PSF). It
also has the ability to reconstruct complete edges of circular objects such as vessels and cysts
which would appear as one or two semicircles on the conventional ultrasound images.
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Figure 3. Variability of the PSF in the axial and lateral directions. The transducer is placed on the top of the image, and
the focal distance is 27mm. The lateral resolution worsens with an increasing distance from the focal zone in either
direction, superficial or deep.

2. Theory

2.1. Spatial compounding

Like in many other technological domains, researchers are still refining ultrasound imaging
technology such as designing better transducers or faster systems trying to make ultraso‐
nography more valuable. Most researches are aimed at improving on the basic paradigm of
a focused scanned transducer array such as changing the geometry of element orders to
make 2-D and 1.5-D arrays, increasing the numbers of the elements and reducing the sizes of
the elements to improve resolution. Although the systems used today have much better res‐
olution and cost effectiveness than prior systems, the technology is still limited by the physi‐
cal behavior of sound waves. As a result, the medical application of ultrasonic imaging has
seen evolutionary rather than revolutionary improvements. Combining ultrasonic imaging
with spatial compounding could provide that revolutionary next-step. For instance, bones
are highly reflective to sound waves. Current ultrasonic imaging techniques cannot pene‐
trate bones, but in this research we explore large angle compounding methodologies that go
around bones and other obstacles and have numerous additional benefits.

Several spatial compounding techniques, developed in the early 80’s [8-10] combines multi-
directional ultrasonic echoes into one image that represents the distribution of sound wave
reflectivity within an area of interest. Several uncorrelated images [11] are combined in or‐
der to reduce speckle, avoid shadows, and increase contrast resolution. Combining N inde‐
pendent images reduces speckle contrast by an order of N  [12, 13]. Diament et al. [14] used
spatial compounding to identify stones in gall bladders and kidneys and Sehgal et al. [15]
used spatial imaging to construct cross-sectional images of turkey and dog limbs. Improve‐
ments in computing, data acquisition and storage equipments, has increased the number of
compounded images dramatically. The processing time is still long, however, and prevents
the systems from operating in real-time in many cases. It could take two hours to do a 180-
degree/110-image scan [16].
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to perform a second reflection on the surface of the transducer. It gives the same results
with twice traveling distance for the same ultrasound waves; therefore, the ultrasound
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generates integrated information collected around the object from wide acquisition angles
into a single image. It has significant improvements in SNR, contrast and spatial resolution,
artifact and speckle reduction and PSF regularization (more constant and symmetric PSF). It
also has the ability to reconstruct complete edges of circular objects such as vessels and cysts
which would appear as one or two semicircles on the conventional ultrasound images.
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A simple example of compounding is illustrated in Figure 4. To acquire independent images
without moving a transducer, the beams are electronically steered to create different incident
angles. Changing the incident angle causes the obtained images to contain slightly different
speckle patterns. In this case, the target of interest is a long disk-like ellipse. Placing the trans‐
ducer on the top of the target Figure 4(b) results in missing information at the oblique angle.
The image only contains top and bottom parts of the edges because the signal at oblique an‐
gles is reflecting away from the transducer. This phenomenon often happens when circular tar‐
gets such as vessels are involved. To obtain a better contour of the target, compounding images
from different incident angles such as Figure 4(a) and Figure 4(c) can help fill part of the miss‐
ing edges. This type of compounding technique is usually embedded in the system without al‐
tering  the  ultrasound  imaging  techniques.  Comparing  the  results  in  Figure  4(d)  (with
compounding) to 4(b) (without compounding), the boundaries is closer to be intact.

Figure 4. Illustration of conventional compounding: In panel b, the beams are generated at 90 ˚ to the surface. In
panel a and c, the beams are steered to ± 12 ˚. The frames in panel a, b and c are compounded to construct a new
image (frame d)

Figure 5. Illustration of supercompounding: the target is scanned from different angles on the same plane (panel a to
panel f). The obtained images are compounded to construct a new image with better (complete) field of view of the
target (frame g).
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2.2. Supercompounding

The limitations of spatial ultrasound compounding technique stimulated research to pro‐
duce an image with a complete edge (Figure 5). This concept was first used in the 80’s be‐
came known as compounded ultrasound image in the 90’s. In this work we investigate
compounding capture angles greater than 120˚ and term this method as “supercompound‐
ing”. In the present study, we develop a theoretical foundation for supercompounding
based on our generalization of Bracewell’s one-dimensional spin average concept [17, 18] to
two-dimensions.

2.3. Spin average

The supercompounding technique used in this research is one kind of multi-angular spatial
compounding but includes a much larger scanning range (up to 360˚) than is typically em‐
ployed. The target is scanned from different angles on the same plane in order to get uncor‐
related data. The data contains information about the physical components as well as the
artifacts. The reflected signal is variable and depends on both the incidence angle of the
sound waves and the impedance mismatch within the subject. Unlike the artifacts, the pri‐
mary subject of the imaging remains at the same position relative to the center of rotation
while the transducer moves around the subject. Once the images are compounded together,
the information of the physical components is permanent and the angular dependent arti‐
facts are reduced.

2.3.1. One-dimensional spin average

The compounding method used in this research can be modeled using the spin average con‐
cept. One-dimensional spin average was illustrated by Bracewell [17, 18] and is given by

fs(r)= 1
2π ∫0

2π f (rcos θ)dθ (3)

where fs(r) is the resultant function once f(x) is spin averaged, r is the radius from the center
of rotation and α is the angle from axial-x. Assuming f(x, y) is a two-dimensional function
which is a rect function in x-direction but independent in the y-direction. Figure 2.3 illus‐
trates the one-dimensional spin average of a designed function stated by

f (x, y)= f (x)= rect(x / 2a) (4)

where |x| is less than a, f(x) is set up to one; otherwise, f(x) is zero. The value of the function
indicates the height of a surface above the (x, y)-plane, and the cylindrical ridge in the y-
direction shows the independence of y.

Instead of spinning the function, Figure 6 shows the source travelling around the center of
the spinning function along the radius r at uniform speed to return to the starting point. The
travel path is a cycle of radius r on (x, y)-plane. The spin averaged function fs(r) is the inte‐
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gral of the values passing during the course of one rotation, which gives the average heights
of function f(x). For this particular case, the close form solution can be derived into

fs(r)=1 - (2 /π)cos-1 (a / r)H (r - a) (5)

H (r - a)= {0  ifr <a

1  ifr >a
(6)

where fs(r) is the spin averaged function and H is a step function. The profile of the spin-
averaged rect function is illustrated in Figure 7. When the translation distance is less than a,
the travel path is on the plate form at all times. The spin-averaged values equal to one. If the
translation distance is beyond a, the decrease of the spin-averaged value follows
fs(r)=1 - (2 /π)cos-1 (a / r).

Figure 6. The illustration of equation (4): the bold curve is the travel path and its projection is a cycle of radius r on the
(x, y) plane.

Figure 7. Profile of spin-averaged rect function: the spin averaged value starts to drop when r reaches distance a.

Alternately, we can treat the spin average as a long exposure of sound waves recorded on
one image but not displayed in real time. Since sound waves are longitudinal, the beams
coming from the transducer can be considered linear sources of sound, each one corre‐
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sponding to an axial line in the acquired image. When the function is being spun, the resul‐
tants are overlapped on the previous image. After one rotation, the superimposed image is
the final spin average function.

2.3.2. Two-dimensional spin average

Since the y-direction is not independent in ultrasound imaging systems, we generalize Bra‐
cewell’s one-dimensional spin average to two-dimension [19]. The expanded spin average
function is re-written

f 2s(r)= 1
2π ∫0

2π f (rcos θ, rsin θ)dθ (7)

The two-dimensional spin average function is no longer independent in the y-direction;
therefore, the term of r∙sinα is included in equation 7. As comparison to one-dimensional spin
average function, we have a one-dimensional rect function times a two-dimensional circ
function illustrated as Figure 8 and the profile shows in Figure 9.

Figure 8. The illustration of equation (7): f(x,y)is a rect function in x direction and a two-dimensional circ function with
radius b.

Figure 9. The profile of the two-dimensional spin averaged function
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If we travel at the radial distance (r) where less than a, we are always on the top of the two-
dimensional function. The value stays high. When travel at the radial distance where greater
than a but less than b, the spin average value decreases and drop to zero when r equals to b.

To illustrate the concept on ultrasound image, we use numerical spin averaging on a stretch‐
ed two-dimensional Gaussian function (G) which is written

G(x, y)=aexp -(x - 4b)2 - (y - b)2

2σ 2 (8)

where G represents two-dimensional Gaussian function and a is the amplitude of the func‐
tion which is set to 255. σ and b are set to 4.5 and 0.2. The distribution along the x-axial is
four times broader than the distribution along y-direction to simulate the PSF of a typical
ultrasound system. Resolution is usually better in the axial direction than in the lateral. The
stepping angle of spinning is 27.69° and it gives us thirteen images for spin-averaging. The
results are shown in Figure 2.7.

Figure 10. Spin averaging a stretched two-dimensional Gaussian function.
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Figure 10(a) and 10(b) are two-dimensional images and 10(c) and 10(d) are three-dimension‐
al images before and after spin-averaging respectively. Comparing 10(a) and 10(b) the image
has different widths in x and y directions. After spin averaging, the resultant is more con‐
centrate, symmetric and point-like. The profiles of the axial and lateral resolutions of 10(a)
and spin averaged function of 10(b) are shown in Figure 11.

The profile of the spin average PSF (solid line) is located between the outer and inner dash‐
ed line, which represent the lateral and axial resolutions respectively. After spin-averaging,
the new image becomes more isotropic. Lateral resolution is improved but axial resolution is
reduced. However, the axial resolution is reduced but as return a regularized and space in‐
variant PSF is gained. As a result, the system becomes less space-variant and the images can
be further enhanced by efficient linear image techniques.

Figure 11. Profile: a. outer dashed line - lateral resolution of the stretched 2-D Gaussian function (x-direction), b. inner
dashed line - axial resolution of the stretched 2-D Gaussian function (y-direction) and c. solid line - the spin averaged
resolution.

In an ultrasound image, the function values (heights) while spin-averaging show the in‐
tensity of the reflected signal.  In practice,  these signals not only contain the information
we want,  but  artifacts  as  well.  Therefore,  facing heights  that  change rapidly during the
spinning will result in a high the standard deviation, which could indicate an angular de‐
pendent  artifact.  On  the  other  hand,  if  the  heights  are  maintained  while  spinning,  the
standard deviation is low. Thus the possibility of having a physical component located at
that point is high. Therefore, spin average keeps a fairly high amount of intensity values
of the physical components, and reduces the intensity of artifacts. Hence, the contrast res‐
olution is enhanced.
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2.4. Regularized point spread function

Spin average reduces artifacts, reveals the true shapes of physical components and regular‐
izes the point spread functions which means having a more symmetric, more uniform and
tighter PSF which is less space invariant. For practical purposes, the quality of results is in‐
versely related to the size of the travel step α. The regularization of the PSF function is
shown in Figure 12. In this illustration, a metal pin head is used to simulate a point target.

In Figure 12(a) the PSF resultant picture shows an upside down triangle with long wings.
Since the physical shape of the target is a point, the level of artifacts will be high. The axial
reverberation is angular dependent artifacts, and the size of lateral resolution is limited by
both the transducer and different focal zones. By reducing the stepping angle of spinning α
from 0° (360°) to 60°, and then to 30°, the compounded PSF shrinks to a point (Figure 12(b),
(c)). This suggests that the spin average can remove the angular dependent artifacts and dis‐
tortion caused by focusing.

Figure 12. The PSF of a metal pin head (a) the original PSF without spin average - α = 0° (b) the PSF with 6 images
compounded - α = 60° (c) the PSF with 12 images compounded - α = 30°

3. Materials and methods

3.1. Introduction

The experiment setup focuses on utilizing a conventional ultrasound imaging system (GE
RT-3200) to test the spin average theory and the supercompounding concept. The experi‐
mental apparatus – the three-dimensional moving platform – is designed in two parts, im‐
age acquisition and image processing.

Since a complete spin average is an integral between 0 and 2π, the images or data has to be
acquired around the targets of interest. In order to do so, either a transducer has to be rotat‐
ed around the targets or the targets themselves have to be rotated around the center point.
The latter option – objects rotating around a center point – is used in this experiment to ach‐
ieve better results in demonstrating the concept of the spin average theory and supercom‐
pounding technique. One reason to favor this option is that the rotation of the targets of
interest allows us to accomplish the goal without moving or vibrating the transducer. An‐
other reason is that the transducer will always have solid contact with the surface of the tar‐
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get container. As a result, our objects are mounted on a rod connected to a DC gear motor
controlled by a micro-controller.

The same micro-controller also controls image acquisition. Once the target is rotated to the
designed angle, the micro-controller triggers the frame grabber to capture the image and to
store the results in a specific order. Such order is the index for quantifying the rotational de‐
gree of the images.

Since the conventional ultrasound images are usually shown in the vertical axial direction,
the transducer is positioned at the top of the image shown as Figure 13. In order to have all
images aligned in the same coordinate system, a coordinate transformation (derotation) has
to be applied on each image at a specific angle based on the rotation index around the center
of the rotation. After derotation, all images are ready for the recombination, which com‐
pletes the supercompounding process.

3.2. Work flow

The work flow of the experiment is as illustrated in Figure 14(a). The target is submerged in
a water tank illustrated as Figure 14(b), muffled with foam material on the rear, lateral, and
bottom sides to reduce the surplus reflection of sound waves. The sound wave form is gen‐
erated and detected by the ultrasound transducer and the results are sent to the ultrasound
console (GE RT-3200) for detection and processing to form real time ultrasound images.
These images are simultaneously shown on the screen of the RT-3200 and the display of the
frame grabber. Once the micro-controller drives the subject to the designed angle, it triggers
the frame grabber to capture and store a still image, which then moves on to the next de‐
signed angle; the process repeats until the micro-controller completes a 360 degree scanning.
These still images are stored in sequence as the rotation index. The whole set of images is
used to construct one final supercompounded ultrasonography.

Figure 13. Illustration of the relative positions between the collected image and the ultrasound transducer. The image
shows the vertical axial direction with the image plane perpendicular to the surface of the ultrasound array. The spe‐
cific 7.5 MHz linear ultrasound array shown above has 128 elements. With two times of zoom-in setting, it covers two-
thirds field of view.
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Figure 12. The PSF of a metal pin head (a) the original PSF without spin average - α = 0° (b) the PSF with 6 images
compounded - α = 60° (c) the PSF with 12 images compounded - α = 30°

3. Materials and methods
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mental apparatus – the three-dimensional moving platform – is designed in two parts, im‐
age acquisition and image processing.

Since a complete spin average is an integral between 0 and 2π, the images or data has to be
acquired around the targets of interest. In order to do so, either a transducer has to be rotat‐
ed around the targets or the targets themselves have to be rotated around the center point.
The latter option – objects rotating around a center point – is used in this experiment to ach‐
ieve better results in demonstrating the concept of the spin average theory and supercom‐
pounding technique. One reason to favor this option is that the rotation of the targets of
interest allows us to accomplish the goal without moving or vibrating the transducer. An‐
other reason is that the transducer will always have solid contact with the surface of the tar‐

Medical Imaging in Clinical Practice94

get container. As a result, our objects are mounted on a rod connected to a DC gear motor
controlled by a micro-controller.

The same micro-controller also controls image acquisition. Once the target is rotated to the
designed angle, the micro-controller triggers the frame grabber to capture the image and to
store the results in a specific order. Such order is the index for quantifying the rotational de‐
gree of the images.

Since the conventional ultrasound images are usually shown in the vertical axial direction,
the transducer is positioned at the top of the image shown as Figure 13. In order to have all
images aligned in the same coordinate system, a coordinate transformation (derotation) has
to be applied on each image at a specific angle based on the rotation index around the center
of the rotation. After derotation, all images are ready for the recombination, which com‐
pletes the supercompounding process.

3.2. Work flow

The work flow of the experiment is as illustrated in Figure 14(a). The target is submerged in
a water tank illustrated as Figure 14(b), muffled with foam material on the rear, lateral, and
bottom sides to reduce the surplus reflection of sound waves. The sound wave form is gen‐
erated and detected by the ultrasound transducer and the results are sent to the ultrasound
console (GE RT-3200) for detection and processing to form real time ultrasound images.
These images are simultaneously shown on the screen of the RT-3200 and the display of the
frame grabber. Once the micro-controller drives the subject to the designed angle, it triggers
the frame grabber to capture and store a still image, which then moves on to the next de‐
signed angle; the process repeats until the micro-controller completes a 360 degree scanning.
These still images are stored in sequence as the rotation index. The whole set of images is
used to construct one final supercompounded ultrasonography.

Figure 13. Illustration of the relative positions between the collected image and the ultrasound transducer. The image
shows the vertical axial direction with the image plane perpendicular to the surface of the ultrasound array. The spe‐
cific 7.5 MHz linear ultrasound array shown above has 128 elements. With two times of zoom-in setting, it covers two-
thirds field of view.
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(a)  Work flow 

(b)  I llust rat ion of the experiment  setup 

Figure 14. The work flow and the illustration of the experiments setup. The target of interest is mounted on the out‐
put shaft of the DC gear motor. Micro-controller controls the rotation of the motor. Once it is rotated to the designed
angle, the micro-controller sends capturing signal to the frame grabber to store the image that is concurrently being
received from the GE RT-3200 ultrasound console.

3.3. Processing of ultrasound images

3.3.1. Software

The software used to process the raw image data for supercompounding is MATLAB (ma‐
trix laboratory). MATLAB is a numerical computing environment that allows matrix manip‐
ulations, plotting functions and data and implementation of algorithms to solve the
mathematic issues. Behind the mathematic operations, it is also a tool to create a user inter‐
face, correlating with programs written in other languages, such as C++.

The reasons why MATLAB is used to process the resultant images are (1) the image itself is
a matrix and (2) manipulating matrices is one of the major strengths of MATLAB. With
many built-in tool boxes, most of the ordinary image operation can be accomplished easily.

3.3.2. Images

The image is pixelized data. Each pixel (point) in the image corresponds to an intensity val‐
ue ranging from 0 to 255, the dynamic range of the display. In an ultrasound imaging sys‐
tem, the image is black and white, or in the so-called “gray scale”. “Zero” represents black
and “255” represents white. Between black and white there are different shades of gray il‐
lustrated as Figure 15.
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Figure 15. Illustration of the dynamic range of a gray scale image. Values between absolute black and white are divid‐
ed into 255 levels. These levels are called “gray levels”.

The resulting images are stored as bitmap image files (bmp) in a 24-bit bitmaps format in‐
cluding three color layers (green, blue and red). Bitmap data (pixel array) describes the im‐
age pixel by pixel. 24-bit represents 24 bits per pixel. For instance, the recorded ultrasound
image in the experiment is 640 pixels by 480 pixels. That leads to 307,200 pixels in total. Each
pixel is 24 bits, which gives us 7,372,800 bits per image, 921,600 bytes (1 byte = 8 bits) or 900
k (1 k = 1024 bytes) in other words.

Since the ultrasound images used in the experiment are black and white (gray scale) images,
the data recorded in the three color layers are the same. To reduce image processing time,
only one layer of data is used. The layers are segregated and only the green layer is kept. It
leads to a smaller image size – 300k (one-third of 900k).

3.3.3. Image rotation

As is stated in the discussion in section 3.1, to process the spin average concept, involved
images must be in the same coordinate system. Each individual image has to be derotated
around the center of rotation (corresponding to the relative position between the ultrasound
transducer and the output shaft of the gear motor shown as Figure 16).

Figure 16. Illustration of the relative position between the shaft of the gear motor and the ultrasound transducer. In
the experiment, the object is mounted on the output shaft of the gear motor and is rotated at the center of rotation.

Figure 17 (a) and (b) illustrate how a triangular object is imaged. (a) is taken when the object
is at the starting position. In order to perform spin average concept, the object has to be im‐
aged from other angles. (b) is collected when the object is rotated 30 degrees counter clock‐
wise around the center of the rotation. (c) and (d) are the results of (a) and (b) respectively.
As the results shown in (c) and (d), the objects are shown in two different coordinate sys‐
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tems. Therefore, a coordinate transformation has to be performed on the images to keep the
objects in the same coordinate system. A 30-degree-clockwise rotation is performed on Fig‐
ure 17 (d) to transform the image to the same coordinate system as (e) which is 0 degree ro‐
tation from (c). Since the coordinate transformation is the second time of rotation and is in
the opposite direction to neutralize the first time of rotation, we call it derotation.

Figure 17. Illustration of derotation. (a) and (b) illustrate how a triangular object is rotated and then imaged. (c) and
(d) are the images after derotation. (e) is the compounded image of (e) and (f).

Figure 18. dx and dz are the initial axes and Dx and Dz are the rotated axes by θ. P is the demonstration point and O is
the origin.

All images are electronically derotated around the center of rotation in MATLAB. Coordi‐
nates mapping the derotated images to the initial position can be obtained using the stand‐
ard formula for axes rotation [20]:
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{Dx =dxcos θ + dzsin θ

Dz =dzcos θ - dxsin θ
(9)

where dx and dz are distances of the pixel from the center of rotation, Dx and Dz the new
coordinates after transposition. The relationship between initial and rotated axes (shown as
Figure 18) can be derived geometrically.
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The relation in general form is denoted as following equations.

{dx = Dxcos θ - Dzsin θ

dz = Dzcos θ + Dxsin θ
(11)

Equation 11 can be solved and rewritten as equation 9.

3.3.4. Supercompounding

As discussed in section 2.3 and 2.4, the supercompounding technique is based on the two-
dimensional spin average concept. To satisfy equation 7 in practice, the discrete method is
used in the present study. By rotating the object and summing a multiplicity of images, we
can approximate a continuous spin average. In theory, the rotational stepping degree θ is
infinitely small. In practice, the angular stepping degree of the motor represents the travel
step in the theory and equation 7 can be rewritten discretely as the following equation,

f 2s(r)= ∫0
2π f d (rcos θ, rsin θ)dθ (12)

f 2s(r)= 1
N ∑

M =1

N
f d (rcos Mθ, rsin Mθ) (13)

where f2s(r) is the two-dimensional spin average function, fd represents the image domains
after the derotation process, θ is the stepping degree, M is 1,2,3,…,N and N is the total num‐
ber of the derotated images (N=2π/θ). Either equation 7 or 12 is described in the polar coor‐
dinate system. To process the concept on the images which is described as a pixel grid,
Cartesian coordinate system can be used to further simplify the process illustrated in the fol‐
lowing equation,
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f 2s(Dx, Dz)= 1
N ∑

M =1

N
f d ,M (Dx, Dz) (14)

where Dx and Dz are coordinates in Cartesian system after the derotation transformation
and fd,M represents the numbers of derotated images. Once the raw images are derotated
properly, they can be substituted into equation 13 easily. The process can be broken down
into three phases, (1) derotate raw images, (2) superimpose derotated images and (3) aver‐
age the result. The illustration and the example of the supercompounding process are
shown as Figures 19 and 20.

(a) Raw images 

(b) Derotated images 

(c) Supercompounded image 

Figure 19. Illustration of the supercompounding process. The triangular object is rotated every 36 degrees counter-
clockwise and it makes the clockwise derotation. The supercompounded image is the superimposed image of all dero‐
tated images.

4. Results

In this research, two objects are studied: the metal pin heads and the dissected porcine aortic
root. Each object is chosen for different purposes and together allows us to observe the per‐
formances of the spin average concept and the supercompounding technique under differ‐
ent circumstances. These selected objects also represent some issues that conventional
ultrasound imagers face, which include the following:
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• Non-circular point spread function (PSF): As stated in section 2.4, the PSF is not a circular
point in the conventional ultrasound imagers. This is because the lateral resolution is sev‐
eral times worse than the axial resolution. Therefore, after the image convolves with the
PSF, the output image from the ultrasound system could be several times more blurred in
the lateral direction than in axial. To evaluate the supercompounded PSF, the metal pin
head is selected.

• Circular object: Circular objects generally do not appear circular on ultrasound images.
The edges of the two-side walls are usually missing because the incident ultrasound
waves are reflected away-from instead of back-to the transducer. The ultrasound system
cannot receive any signals coming from those regions and causes the image to dropout at
oblique angles. The dissected porcine aortic root is used to test the imaging performance
of circular objects like blood vessels or cysts. The tests of the aortic roots are collaborated
experiments with Dr. Wei Sun [21] (Biomedical Engineering, University of Connecticut).

Figure 20. Example of supercompounding process with a porcine aorta. The results of (a) to (j) are the part of the
derotated images taken from the every 1.68 degrees. (k) is the supercompounded image superimposed from 214
derotated images. Note multiple nodes of enhanced echogenicity become clear after supercompounding.

4.1. Imaging of metal pin heads

The metal pin heads used in the study are 0.5 millimeter diameter pin heads. They were se‐
lected for their small size and for their material, which is highly reflective when placed in
water due to the acoustic impedance mismatch. Sound waves that hits this material cause
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massive reverberation, i.e. multiple reflections, in which create parallel lines under the ob‐
ject on the ultrasound images. Therefore, in addition to observing the offset of improving
the point spread function, this test can be used to observe how supercompounding handles
reflective material layers. Figure 21 is one of the raw images of the metal pin heads. The
metal pin heads are arranged as a capital letter ‘L’. All images are taken with the 7.5MHz
linear transducer.

Figure 21. Metal pin heads are arranged as a letter L. The six objects are shown as “T” like shape instead of point like.
The axial artifacts are caused by the reverberations inside the metal pin heads. The reverberations mislead the ultra‐
sound imager that there are the same objects in consecutive depths. It makes multiple lines behind the objects. The
pin number 1 to 3 and group 4, 5 and 6 are aligned at different depths. The focal zone is 27 millimeter in depth. It is at
the middle of the pin number 3 and group 4, 5 and 6; therefore, the pin number 1, 2 and 3 are superficial to the focal
point and the group 4, 5 and 6 are deep to the focal point.

Figure 21 shows artifacts on the image of six objects caused by reverberation. The objects are
the metal pin heads and they should appear point like instead of a T-shaped with long tails
(reverberations) and wings (side lobes). As stated in section 2.4, the point spread function is
space variant in most conventional ultrasound imagers and causes size differences for the
same objects depending on how far the object is away from the focal zone. In Figure 21, each
pin represents the point spread function at one spatial position. The measurements of di‐
mensions are described in Table 1.

Pin number Lateral size Axial Size Depth

1 46 px 3 px 11.30 mm

2 31 px 4 px 17.99 mm

3 11 px 3 px 25.32 mm

4 13 px 4 px 31.80 mm

5 13 px 3 px 31.80 mm

6 13 px 3 px 31.65 mm

Table 1.
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Pins 1-6 are all either three or four pixels in axial size regardless on reverberation artifacts.
This translates to an average size of 0.56 ± 0.086 mm.

The lateral sizes, however, vary depending upon the depths and the distance from the focal
zone. The pin closer to the focal zone (27 mm) has better lateral resolution. The average size
in the lateral direction is 3.59 ± 2.38 mm, which is seven times larger than the actual size. The
best result is the pin number 3. It is 1.7 mm away from the focal zone (27mm – 25.32mm =
1.7mm), and with a lateral size is 1.83 mm, it is still three times larger than the actual size of
the metal pin head. Figure 22 compares the raw image with the supercompounded image
constructed from 214 derotated raw images.

Figure 22. Supercompounded image. Comparing to Figure 4.1, the artifacts are significantly reduced and the result
shows each point has similar circular shape and is tighter and more symmetric.

In Figure 22, six points appear instead of the T-shape. The artifacts from reverberation are
significantly reduced as well. The measurements are included in Table 2.

Pin number Lateral size Axial Size Depth

1 5 px 6 px N/A

2 5 px 5 px N/A

3 5 px 5 px N/A

4 4 px 6 px N/A

5 4 px 4 px N/A

6 4 px 4 px N/A

Table 2.

The average size in lateral direction is 0.86 ± 0.09 mm and 0.835 ± 0.15 mm in the axial. They
are one and half times larger than the actual size of the pin head in all directions. As dis‐
cussed in section 2.5, the supercompounded PSF should be closer to the axial resolution.
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4.2. Imaging of dissected porcine aortic root

The study objects in this section are dissected porcine aortic roots. Each target is scanned un‐
der different pressures and levels (Figure 23), and the images are taken during the inflation
test of the aortic root. The inflation test simulates the mechanical response of the aorta under
different blood pressure ex-vivo. Different stress levels are simulated when the hydrostatic
pressure supply inflates the target.

Figure 23. Illustration of aortic root. The root is scanned at five different levels named aorta, sinotubular junction, leaf‐
lets, sinus and annulus.

The study is focused on the geometry of the aortic valve, which can be used as a standard
model to calculate volume changes during the inflation test. The raw images are collect with
the 7.5MHz linear transducer. In this research, after derotating and spin averaging the 214
pictures, the resulting supercompounded picture at aorta level is shown in Figure 24 and
Figure 25.

Figure 24. The dissected porcine aortic root at aorta level.

The raw B-scan image Figure 24(a) shows sound waves that are dropped-out (region 2 and 3
in Figure 25) at the oblique angles to the normal line of the tissue structure interface. This
phenomenon happens when circular shape objects (such as vessels) or spherical objects
(such as cysts) are imaged. The supercompounded image (Figure 24(b)), constructed by
multi-angular images with an independent viewpoint, exposes each segment of boundary to
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normal incidence, thus reducing dropout. The entire vessel is symmetrical and intact and
spots like echogenicities (arrows in Figure 25) become visible in the supercompounded im‐
age. The supercompounding technique enables the observation and study of these echoge‐
nicities and their properties.

Figure 25. Comparison results of the dissected porcine aortic root at aorta level. Region 1 is the superficial area. It is
close to the focal zone. It makes the best part of result on the raw image. Region 2 and 3 are the dropout areas. Be‐
cause of the shape of structures in the regions are at the oblique angles to the incident ultrasound waves, the ultra‐
sound waves are not reflected back to the transducer. It makes missing edges on the image. Region 4 is the out of
focal zone area. Due to the worse PSF and the attenuation of the ultrasound waves, the structures in the area are not
described accurately comparing to the same region on the supercompounded image. In the region 4 of the supercom‐
pounded image, the structures are clear and sharp, but they are blurry and several times larger on the raw image. The
arrows point out the echogenicities which are not appeared on the raw image.

Not only can supercompounding fill the portions of tissues missed by conventional ultra‐
sound imagers, but also can markedly reduce speckle noise in the image. The results shown
in Figure 26 and Figure 27 are the aortic roots at leaflets level. Professionally trained eyes
might be able to distinguish between an aortic root and the leaflet. Untrained eyes will find
it hard to determine the boundaries and the size of the root.

In the raw image Figure 26 (a), the boundary is not clear especially away from the focal zone
(region 5 in Figure 27) where is deep to the focal zone of the image. The supercompounded
image Figure 26 (b) shows clear edges and details. We can now easily determine the location
of the leaflets (region 2, 3 and 4 in Figure 27). The supercompounded image offers a better
field of view as well, making the image more valuable and easier to read.

Figure 26. The dissected porcine aortic root at leaflets level.
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Figure 27. Comparison results of the dissected porcine aortic root at leaflets level. Region 1 is the area having the best
result which is close to the focal zone. Region 2, 3 and 4 are the areas show three leaflets. As the result on the super‐
compounded image, three leaflets appear clearly. However, on the raw image, only the region 4 indicates or suggests
a leaflet. The other two in the region 2 and 3 are barely recognized as leaflets. Region 5 is the deep area. It is out of
the focal zone. Affected by the worse PSF and the attenuation of the ultrasound waves, the structures are not even
close to the real object in the region.

5. Discussions and conclusions

Supercompounding is an innovative and still developing space compounding technique. It
can be applied to traditional ultrasound imaging systems. As shown as this research, the su‐
percompounding technique can provide dramatic improvement to the quality of ultrasonog‐
raphy of typical biologic tissues. The speckle, artifacts and reverberation are reduced, and
we are able to visualize complete edges especially at oblique angles to the front of beam di‐
rection. However, these are not the only benefits of supercompounding. By utilizing the
two-dimensional spin average theory it was shown that supercompounding can improve
spatial resolution by regularizing the point spread function. It is a critical improvement to
have an ultrasound image with a regular or space invariant point spread function that can
potentially enhance performance by application of linear systems of signal processing algo‐
rithms.

Validation of supercompounding includes two main activities: ultrasound image acquisition
and supercompounding processing. Ultrasound image acquisition includes the design and
the construction of a three-dimensional moving platform. The platform allows the imaged
object to rotate 360 degrees for testing the spin average concept and also to move in three
directions for constructing a three-dimensional voxel set of information of the object, a set
that could be used to produce a three-dimensional image.

The supercompounding processing has evolved in two sub branches: preprocessing and
post-processing algorithms.

• Preprocessing technique produces a supercompounded image from derotating and com‐
bining the acquired raw image set. It is considered a preprocessing because the proposed
supercompound imaging overcomes some of the physical limitations of ultrasound sig‐
nals. It reduces speckles, shadows and reverberations and gives a regularized point
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spread function across the ultrasound images. For example, a shadowed region in con‐
ventional ultrasound cannot be restored since the data is simply not present, or the point
spread function may obscure fine details beyond the ability of post-processing to retrieve
it. Another aspect to consider is that post-processing may be based on preconceived no‐
tions of what certain image regions should look like, thus providing inaccurate informa‐
tion of the imaged anatomy. Consequently, we consider the use of preprocessing
techniques to be preferable as they provide “true” improvements in SNR and resolution
[22].

• A regularized point spread function makes post-processing algorithms [22] (image en‐
hancements) more beneficial to the supercompounded image, especially for linear sys‐
tems algorithms like image deconvolution. By utilizing the two-dimensional spin average
theory, supercompounding is shown to improve spatial resolution by having a regular‐
ized and tighter point spread function. Due to space variant resolutions in both axial and
lateral directions, the point spread function of ultrasound image changes. Therefore, it is
essential to have an ultrasound image with a regularized point spread function for further
application of many signal processing algorithms. There is less need to make an assump‐
tion of the space invariant point spread function or to discretize the processed image into
small pieces working windows when we process the ultrasound images.

• For example, a regularized point spread function can simplify the frequency filtering or
deconvolution process which is one of the most straight forward and effective image
sharpening methods. As discussed in section 2.1, the obtained image can be modeled as
the result of a raw image convolving with a point spread function. This convolution is a
blurring process. In order to get back to the original sharp image, the reverse process,
namely “deconvolution”, is required to restore the image before it convolves with the
point spread function. However, it is not directly applicable on ultrasound images be‐
cause of the space variant point spread function. Therefore, the deconvolution is applied
regionally or not at all. Since the supercompounded image has a symmetric and regular‐
ized point spread function, the deconvolution process can be applied to the whole image
without segmenting it [4, 23, 24]. Thus supercompounding provides a higher quality pre-
processed image and also makes post-processing applications more viable and effective.

5.1. Supercompounding applications

The results in this study suggest that the spin average concept and the supercompounding
technique can dramatically improve the quality of the ultrasound images. The following list
points out three ways to utilize the supercompounding technique in clinically:

• Extremities: The supercompounding applicant could be utilized on extremities. It is easy
to gain 360 degrees access around the extremities and usually the ultrasound waves can
at least penetrate half of the thickness of the extremities (from superficial skins to the
bones in the middle) even with higher frequency ultrasound transducers. It could poten‐
tially be a great way to diagnose and evaluate abnormalities of the muscles and the ten‐
dons, especially for sport medicine.
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• Neck: The supercompounding technique could also be used on the neck for diagnosis of
carotid atherosclerosis. If plaque builds up in the body's arteries, the condition is called
atherosclerosis. Once the built up plaques narrow the common carotid arteries, the pa‐
tient is under a high risk of cerebral flow reduction or stroke because of the reduced
blood flow. The diagnosis is often evaluated by CT or multidetector-row CT angiography
(CTA) [25] which utilizing ionizing radiation. Supercompounding ultrasound could offer
a safer way to make the same diagnosis. The plaque is often calcified which particularly
late stage can make it highly reflective. It can show high intensity on the ultrasound im‐
age. Plaques can be identified relatively easily. With the help of the supercompounding
technique, the disease could be diagnosed more cost-effective and without exposing pa‐
tients to the ionizing radiations once a proper mechanical supporting apparatus is de‐
signed for 360 degrees scan around the neck.

• Abdomen: Ultrasound imaging is widely used to image certain organs in the abdomen
such as the liver, kidneys and pancreas. However, the evaluation is highly related to ex‐
periences and training of the radiologist. For instance, a patient who has liver cancer
could have different kind of reports depending on the image reading whether by radiol‐
ogists or other professionals. Imaging can provide information on extend of metastasis of‐
ten diagnosis of cancer is made. Abdominal ultrasound imaging usually is performed
with low frequency transducer and has low resolution results. It is radiologists’ responsi‐
bilities to discover the abnormalities. With the help of supercompounding, it could reduce
the odds for such error. It would be easier for radiologists to identify abnormalities. Ab‐
dominal imaging is made challenging due to the thickness of the belly and the bowels
(small and large intestines) which are filled with gas which blocks ultrasound propaga‐
tions. Therefore, ultrasound in the abdomen is limited to a few “windows” where the
probe can bypass the intestines and gain access. Even with the 3.5 MHz transducer
(which is close to the lowest frequency presently used for ultrasound imaging), it is hard
for the ultrasound waves to penetrate through the whole abdomen. There are two possi‐
ble solutions to the task: one is to perform partial supercompounding and the other is to
further lower the ultrasound frequency. The partial supercompounding might not help
construct an image with complete edges of the object, but it could still be much better
than one single raw image according to the spin average concept.

The second solution is to image the abdomen with lower ultrasound frequency such as
1-2MHz. The ultrasound waves might be able to penetrate through; however, the resolution
might be worse than using 3.5MHz transducer since for such low frequency, the corre‐
sponding wavelength of sound (at 1MHz) is 154mm, assuming the speed of sound is 1540
m/s in soft tissue. It means the two objects have to be at least 154mm away from each other
to be identified as different objects on the ultrasound image when 1MHz transducer is used.
Comparing two supercompounded images constructed from raw images scanned by the
7.5MHz and the 3.5 MHz transducers, there is no significant resolution reduction between
the two supercompounded images, which is highly noticeable when we compare the two
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raw images from the two transducers. This suggests that the resolution of the supercom‐
pounded images is not affected as much as the traditional raw images when we lower the
frequencies of the ultrasound transducers. It is potentially a good way of obtaining a satis‐
factory resolution of the supercompounded image with lower frequency transducer without
sacrifice of ultrasound penetration.

5.2. Conclusions

Advances in the technology of transducers, semiconductor devices, and computers have
supported the implementation of enhancement techniques and the development of the in‐
dustry of ultrasound in general. The present ultrasound imagers can provide higher signal-
to-noise ratio and utilize transducer arrays with increasing numbers of elements.
Consequently, the quality of the images has improved significantly especially compared to
the earlier generation ultrasound imager used in the study (GE RT-3200). However, there
has been no major breakthrough from physics point of view. The limitations of ultrasound
imaging still remain such as the trade-off between penetration and frequency (resolution),
space variant point spread function and sound wave self interference (speckle). These limi‐
tations sometime have become part of the ultrasound imaging, and by well training, radiol‐
ogists or sonographers can work around them to some degree.

If it is possible to obtain higher quality tomographic images of the human body with ultra‐
sound, the use of this technology can be extended to other applications where currently CT
and MRI are used and make diagnosis more accurate, safer and more cost-effective for radi‐
ologists or sonographers. The proposed supercompounding imaging of ultrasound is a good
approach to make ultrasound imagers perform beyond their present limitations. It works in
harmony with the technology of modern ultrasound imagers. Supercompounding will bene‐
fit from better ultrasound transducers. The advantages would be to avoid the exposure of
the patients to ionizing radiation and the availability of high quality soft tissue medical
imaging at reduced cost. The unique sensitivity of ultrasound to soft tissues also makes it
qualitatively superior to X-rays for many applications and it is a much faster modality than
magnetic resonance. Overall we feel this technology could provide the impetus for an entire
new generation of ultrasound imaging.
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1. Introduction

There exist different methods to analyze and study biomedical signals. Some of these methods
are based on medical imaging, involving Magnetic Resonance Imaging (MRI), Computed
Tomography (CT), Nuclear Scintigraphy, etc. This techniques show the image of a specific part
of the human body. But there exits other methods which study the different signals based in
1-dimensional analysis, such as Electroencephalography (EEG), Electrocardiography (ECG),
etc. These do not show an image, but they also show relevant information.

These techniques are not only used to detect any anomaly, but in the case of the EEG, it is also
possible to develop communication systems by Brain Computer Interface (BCI) [1]. The BCI
technology has numerous applications which can improve the quality of life of those people
who need external help at the time of communication or controlling their movements.

EEG records the electrical activity along the scalp produced by the neurons. This activity
happens since the brain cells communicate each other giving place to tiny electrical impulses.

The impulse begins with a chemical discharge which origins a current in the membrane of the
emitting cell. Once the impulse gets the extreme of the connection between cells, the neuron
secretes a protein that inhibits or excites another neuron.

After receiving the signal, the neuron releases ions to the outside of the cell. When lots of ions
are expelled at the same time they can stimulate other neurons. At the time this wave of ions
gets to the electrodes, the ions can attract or push the metal of the electrodes. This difference
of pressure can be measured by a voltmeter and the record of this activity along time is the
EEG signal.

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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Figure 1. EEG operation

Different studies show that, with the correct training, it is possible to control different external
devices with the BCI technology. In [2], Galán et al. present a study where two users have to
control a wheelchair using a system based in BCI. They have concluded that the success has
been higher after learning the interaction with the system.

With respect to the communication, the most used technique is the detection of the P300 wave
as result of a photostimulus [3]. In these cases, the user has to watch one keyboard where the
columns and rows are illuminated randomly. If the letter the person is watching is illuminated,
the brain sends a signal as a response to that photostimulus. This answer is called P300.

Figure 2. Keyboard used for the detection of P300. Source: http://www.bbci.de/competition/ii/albany_desc/alba‐
ny_desc_ii.html

In [4] the authors use a system based on evoked potential to control one robotic arm. The system
illuminates different actions which can be made by the arm. To know which action the user is
focused, they detect the P300 and the N2pc.

There are also different applications of BCI technology in different games, such as Mindball
[5], which consist on moving a ball depending on the brain activity: the more relaxed and
focused the user is, the more the ball will move.

But electrodes are not only used to measure brain signals, but they also register the electrical
activity from other parts, such as the heart (ECG) or the skeletal muscles (EMG). It is also
possible to pick up the muscular activity, as it could be the measurement of the eye movements
(EOG).

We have decided to use an EEG as electrocardiograph (ECG) and as electrooculography (EOG).
The used device is the same for both applications: a portable EEG with 4 different channels.

This device was initially acquired to work in one application in which it was necessary to carry
a portable EEG. Due to its portability, it can collect data during long periods of time and
outdoors.
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The electrooculography (EOG) is based on the electrical activity of the eyes movement and it
has been used for the user’s communication. There are other applications based on the eye
movements to control devices. They detect the user’s iris, so it can know the position the user
is looking through the coordinates of the iris. In [6] the study presents a method to control a
wheelchair with one camera establishing three points as reference: the eyes and the nose. This
three points form a triangle.

The ECG is a register of the electrical activity of the heart in order to know if there is any
anomaly depending on the heart behavior.

We have used two different placements of the electrodes:

• Bipolar placement: each channel represents the difference between two adjacent electrodes.
This montage has been used for the EOG.

• Referential or monopolar placement: each channel represents the difference between one
electrode and another one established as reference. The ECG has been acquired with this
montage.

The chosen electrodes are adhesive because of their facility to be placed both in the face as well
as in the breast. The diameter of each electrode is 24 millimeters.

Figure 4. Kendall Arbo electrodes. Source: http://www.brainquiry.com/KendallArbo.html

The electrodes are responsible for registering the voltage inside a single cell. An electric
impulse, known as the action potential, is an electric discharge which travels along the cellular
membrane. The action potential is used to transport the information between the tissues.
Although they can be generated for different kind of corporal cells, the most active are the cells
of the nervous system [7].

Figure 3. PET 4.0: EEG of 4 channels
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Figure 5. Action potential

For the monitoring and the posterior analysis we have developed two user’s interface in
Matlab: one for the ECG and another one for the EOG.

2. Relation between EEG and EOG

During the register of an EEG, there can appear different signals called artifacts. These signals
can be originated by multiple causes: muscular movements, skin impedance, technical
problems, etc. One of the causes of these artifacts can be the ocular movement, such as eye
blinking. This electrical activity is registered in the frontal region of the brain, being FP1, FP2
the channels where can best be appreciable.

Figure 6. EEG with two eye blinking
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But to register the eye activity it is not necessary to place the electrodes on the head, it can be
registered placing the electrodes in the face, which is called EOG.

An EOG is a method to register the eyes movement by placing little electrodes near the eyes
muscles. Under normal conditions there exists a potential difference (10μV to 5 mV approxi‐
mately) between the cornea and the Bruch´s membrane, located on the back of the eye. This is
known as cornea-retinal potential. The cornea corresponds to the positive extreme and the
retina corresponds to the negative of the dipole.

Figure 7 represents the differential of potential between the cornea and the retina:

Figure 7. Cornea - retinal potential

Figure 8 show the behavior of the eye as a dipole:

Figure 8. Eyes movement potential

In [8] it is well explained the different kinds of eye tracking systems and the evolution of them.
For studying the eyes movement the criteria for divide the different techniques is different.
There are three different kinds of eye tracking:
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• Invasive technique: this technique uses a special contact lens with an incorporated mirror
or a magnetic field senor. The data acquired are more detailed because it is in contact with
the eyeball, but is more uncomfortable because the user has to wear the contact lens.

• Electrical potential: it uses electrodes placed around the eyes to detect the movement [9]. It
is a robust method to measure the ocular movements when there are eyes blinking or change
of the gaze. The main disadvantage is that it may become uncomfortable and the register
can be affected by the electrodes movement. One of the main advantages is that it registers
the eye movement with closed eyes so they can be used in the analysis of sleeping problems
[10] and [11]. The EOG is within this kind of eye tracking.

• Non - invasive technique: there is no contact with the eyes. The eyes movement is located
through a camera or an optical sensor. The infrared light generates different reflections of
the cornea of the user’s eyes known as Purkinje images [12] and [13].

Figure 9. Purkinge images

The montage of the electrodes is bipolar: we register the difference between two electrodes.
As the device is a 4 channel EEG, we have used them to perform 2 different positions: one for
register if the user is looking on the left or on the right; and a second one to check if the user
is looking up or down. The reference electrodes are placed in the ears.

Figure 10. Electrodes position of EOG

The difference between channels 2 and 3 shows whether the user is looking up (positive) or
down (negative). The difference between channels 4 and 5 determines if the user has looked
to the left (positive) or to the right (negative).

Medical Imaging in Clinical Practice118

The final application will have one user interface divided into two tasks:

• Communicate between the device and the main application via Bluetooth.

• Interpret what the user wants to express.

Figure 11. User's interface of EOG

For the first task, we have used the API provided by the fabricant. To allow the user’s com‐
munication, the application will show the same keyboard as Figure 12:

Figure 12. Keyboard

The user moves one circle through the keyboard by moving his eyes to the left, to the right, up
or down. Once the user selects “OK”, the application will use the T9 dictionary to interpret the
correct word. The dictionary has been programmed taking in count the words which meaning
is related with expressing feelings and emotional states.

Figure 13 show the difference between looking up and looking down. The subtraction of CH2
and CH3 accentuates the difference between the eye movements.
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Figure 13. Difference between looking up and down

In Figure 14, which shows the difference between looking to the left or to the right, it can be
seen that the situation is similar than looking up and down: looking to the left produces an
increment of the signal value, while looking to the right decrements it.

Figure 14. Difference between looking to the left and to the right

3. Relation between EEG and ECG

An ECG is the graphical representation of the electrical activity precedent from the heart. It is
a non - invasive method to study and to analyse the condition of the heart with the aim of
detecting possible anomalies or diseases.

Medical Imaging in Clinical Practice120

In order to synchronize the cyclical contraction of the heart, the fibers of the cardiac muscle
transmit electrical impulses.

The electrical activity is the potential difference generated by the cardiac cells (each cell acts
as a voltage generator) which are appreciable on the skin surface, where the electrodes pick
up this activity in order to get a graphical representation.

This representation shows 4 significant parts:

“P Wave”: the cardiac cycle begins with the depolarization, which leads on the contraction
of the atriums in order to deposit the blood in the ventricles. The sinus node (SA node) indi‐
cates the atrium muscles that they have to contract to begin the sequence. The potential ac‐
tion is propagated through the specialized cells of the cardiac muscle to the AV nodule.

Figure 15. Atrial systole

“QRS complex”: the wave of depolarization arrives to the ventricles through the Bundle of His
and the Purkinje fibers, producing the contraction of the ventricles.

Figure 16. QRS complex

“ST segment”: indicates the time between the end of the contraction of the ventricles and the
beginning of the resting period.
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Figure 17. ST segment

“T wave”: indicates the repolarization of the ventricles.

Figure 18. T wave

Figure 19 is the representation of a normal ECG. There can be appreciated the different waves
explained before.

Figure 19. Heart signals
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When the electrical impulse arrives to a cardiac cell it provokes the interchange of ions inside
the cell, giving place to a change of polarity. The action potential is the base for the depolari‐
zation and polarization of the myocardium: it is what generates the electrical impulse.

Figure 20. Cardiac action potential

The electrodes are places along the trunk of the users, taking the shoulders as reference. Figure
21 shows the position of the electrodes for the correct register of the ECG.

Figure 21. Electrodes placement

The user’s interface has the aspect of Figure 22. The user can select the channels in both graphs.
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Figure 22. User's interface for ECG

4. Practice examples

4.1. EOG

In this section, it will be described how the EOG has been used to move a mark along a
keyboard on the screen in order to help the people who are not able to communicate with the
rest due a disease.

First of all, the application calibrates the position of the electrodes and establishes the corre‐
spondent thresholds to know the position of the eyes. After that, it will show the keyboard the
user will use for the communication.

Figure 23. General diagram
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Once the application shows the keyboard, it will do the operations described in Figure 24 and
Figure 25 to know if the user has made any action with the eyes.

Figure 24. Up and down criterion

The signal is obtained during 200ms and then the application calculates the average during
this time interval. After that, it compares if there has been an enough increment or decrement
to detect if the user has moved the eyes intentionally.

Figure 25. Left and right criterion

Figure 26 and Figure 27 show the calibration state of the EOG before showing the keyboard.
The first two images correspond to looing up (yellow rectangle) and down (green rectangle).

Ocular Movement and Cardiac Rhythm Control using EEG Techniques
http://dx.doi.org/10.5772/55375

125



Figure 22. User's interface for ECG

4. Practice examples

4.1. EOG

In this section, it will be described how the EOG has been used to move a mark along a
keyboard on the screen in order to help the people who are not able to communicate with the
rest due a disease.

First of all, the application calibrates the position of the electrodes and establishes the corre‐
spondent thresholds to know the position of the eyes. After that, it will show the keyboard the
user will use for the communication.

Figure 23. General diagram

Medical Imaging in Clinical Practice124

Once the application shows the keyboard, it will do the operations described in Figure 24 and
Figure 25 to know if the user has made any action with the eyes.

Figure 24. Up and down criterion

The signal is obtained during 200ms and then the application calculates the average during
this time interval. After that, it compares if there has been an enough increment or decrement
to detect if the user has moved the eyes intentionally.

Figure 25. Left and right criterion

Figure 26 and Figure 27 show the calibration state of the EOG before showing the keyboard.
The first two images correspond to looing up (yellow rectangle) and down (green rectangle).

Ocular Movement and Cardiac Rhythm Control using EEG Techniques
http://dx.doi.org/10.5772/55375

125



Figure 26. Looking up and down

Below, the pictures show the user looking to the left (dark blue) or to the right (cyan).

Figure 27. Looking to the left and to the right

The EOG has been tested with 5 different users (3 female, 2 male) with ages between 23 and
30. They have been asked to spell 5 different words: WATER, FISH, SUN, DOG and MIND.

4.2. ECG

This section describes the ECG used to monitor the heart activity and to detect possible
anomalies. In this case, the montage is monopolar, so we can obtain information from 4
different points (4 channels), establishing as a reference the user’s shoulders. The signals the
ECG records are smoothed before being monitored.

Figure 28. General diagram of ECG monitoring
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After acquiring the signal (Figure 29), it is filtered with a Butterworth bandpass filter between
15Hz and 50Hz to detect the QRS complex (Figure 30).

Figure 29. Original ECG

Figure 30. Butterworth filter

Once the signal has been filtered, we have established a threshold to facilitate the detection of
the R wave (Figure 31):
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Figure 31. Signal after establishing the threshold

if data (i) < 2*average – data (i) = 0

5. Results

5.1. EOG

We have asked the users to move a circle along a keyboard to spell five different words. We
have divided the results into areas: the spelling of the whole word and the spelling of the single
letters.

It has been established that if the user expends more than three attempts to move the mark,
the objective letter is considered as an error.

Table 1 shows the obtained results for the different users:

User 1 User 2 User 3 User 4 User 5

WATER o o o o o

FISH x o x x o

SUN o o o o o

DOG o o o o o

MIND o o x o o

Average letter 78.95% 100% 84.21% 89.47 100%

Average word 80% 100% 60% 80% 100%

Table 1. Spelled words by users
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Table 2 contains the average of each word by letter and by users. The number inside the
parenthesis indicates the total number of letters of each word involving the five sessions (five
different users).

Average by letters Average by users

WATER (25) 100% 100%

FISH (20) 65% 40%

SUN (15) 100% 100%

DOG (15) 100% 100%

MIND (15) 90% 80%

Table 2. Average of each word

After establishing different thresholds, it is possible to select the wished letter controlling the
movement with the eyes with an average of the 90.53%.

Figure 32. Eye movements for the word DOG

Figure 32 and Figure 33 present the different movements for the spelling of the words DOG
and WATER respectively.
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Figure 33. Eye movements for the word WATER

The following two graphs are presented where the word FISH is correctly spelled (Figure
34) and wrongly spelled (Figure 35).

Figure 34. Word FISH well spelled

It can be seen that an exception has happened with the EOG at the time the user was spelling fish.
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Figure 35. Word FISH bad spelled

5.2. ECG

The ECG allows the detection of the principal waves for the posterior analysis of anomalies.

Figure 36. Normal ECG

The ECG shown in Figure 37 presents a premature ventricular contraction after the T wave.
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Figure 37. ECG for different channels with anomaly

Figure 38 contains an ECG with arrhythmias: the cardiac frequency presents an alteration in
the second 83 and the second 86.

Figure 38. ECG for different channels with arrhythmias
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The three graphs explained above correspond to three different users, showing the channels
acquired for the 4 electrodes. The first one presents a normal ECG while the other two present
two kinds of anomalies: premature ventricular contraction and arrhythmia.

Comparing the normal ECG with the rest, it can be seen that there are differences between the
form of the wave and the RR intervals. In the second graph, there is a beat which is advanced
in respect of a normal frequency. Because of that, the second graph presents few numbers of
RR intervals (6 beats in 10 seconds).

Regarding to the third graph, the form of the waves is similar than the normal ECG, but the
heart frequency is not constant: it can be appreciated that the heart frequency is not constant
due to a little pause between the seconds 83 and 86.

6. Conclusions

As it has been demonstrated, the sensors used in BCI have an extra potential for applications
which need high sensitivity.

The signals recorded by an EEG, an EOG and an ECG are bioelectrical signals; that is why the
techniques to obtain the electrical activity of the brain, the eye movements and the heart activity
are very similar. In the three cases, it is necessary to place electrodes in order to measure the
biologic potentials.

The electrical activity of the eyes and the heart movement can be better appreciated than the
activity from the brain. Because of that, it has been possible to use one EEG device as ECG and
EOG as the resolution to distinguish the different signals is less than in an EEG. On the contrary,
it could be not possible to use as EEG a device which has not been designed for that.

The election of the type of electrodes that are needed to be used is very important depending
on the signal to measure and the needed resolution. The chosen electrodes are good for the
recording of an EOG and an ECG, but their resolution may not be sufficient in some EEG
applications.

Regarding to the EOG, the users have communicated the different letters with an average of
90.53%. With the appropriate training, the times of spelling could be reduced and it would be
possible to increase the hit rate.

As future work there could be three different lines:

• Use the EEG for analyzing more bioelectrical signals, for example EMG.

• Analyze the signals in real time in order to detect any possible anomaly.

• Improve the results of the EOG adding new functions to the interface and check the most
adequate trainings to increase the percentage of success.
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Chapter 7

Novel Imaging Techniques in Gastrointestinal
Endoscopy in the Upper Gastrointestinal Tract
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Additional information is available at the end of the chapter
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1. Introduction

The advent of high definition endoscopy has transformed the management of pre-malignant
and early malignant diseases of the esophagus and upper gastrointestinal tract. The ability
to view the mucosa in detail whereby the cellular architecture can be viewed has enabled
the endoscopist to make in-vivo histopathological diagnoses, which in turn will direct the
management of the pathology instantly. In this chapter, we describe the various techniques
available from high definition white light endoscopy, through chromoendoscopy and confo‐
cal endomicroscopy. We describe the characteristics and staging of lesions of the esophagus
including Barrett’s esophagus (BE) and associated esophageal adenocarcinoma. Further‐
more, we describe how endoscopy can be used to define Barrett’s and squamous dysplasia.
Finally, we describe the classification and staging of early cancers of the esophagus and ex‐
plore the role of endoscopic ultrasound. We also examine the role of emerging radiological
techniques such as virtual colonography that act as adjuncts to current practice and will no
doubt help to focus the expertise of skilled endoscopists towards interventional endoscopy
rather than routine diagnostic procedures.

Accurate diagnosis and staging of benign and malignant lesions of the esophagus requires
an in-depth understanding of current endoscopic techniques and the latest technology. The
endoscopic optical technology has evolved rapidly in the last decade such that the resolu‐
tion of the ‘CCD” chip is up to 1.4 million pixels. The images are further enhanced by optical
filters and post image processing technology allowing detailed views of the mucosal archi‐
tecture. This in turn allows improved accuracy of diagnosis. We explore the roles of high
definition white light endoscopy, chromoendoscopy, confocal endomicroscopy and EUS in
the diagnosis and staging of esophageal neoplasia.

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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2. White Light Endoscopy (WLE)

This process has several limitations. White light endoscopy is not sensitive enough to detect
neoplasia in pre-cancerous conditions in the upper GI tract. For example in Barrett’s esopha‐
gus, the standard approach is to take one biopsy in every quadrant of the Barrett’s segment
every 1-2 cm and send for histopathological review [1]. If biopsies are taken every 2 cm, the
average number per procedure is 12 and if taken every 1cm, this number will double. Even
with an efficient endoscopy setup, it takes around 30 seconds per biopsy so the procedure
takes up to 30 minutes to perform. It is also very time consuming for the pathologist, need‐
ing up to 30 minutes to evaluate a set of biopsies from a single endoscopy. Dysplasia and
early BE neoplasia result in subtle changes that may not often be visible with WLE examina‐
tion. In addition, random biopsies have significant sampling error since intestinal metapla‐
sia and dysplasia have a patchy distribution and only a small fraction of the BE segment is
sampled in this way. Even the most rigorous biopsy protocols including those using jumbo
biopsy forceps survey less than 1% of the esophageal mucosa and still miss up to one third
of cases with high-grade dysplasia (HGD) or early cancer [2-5].

3. Chromoendoscopy

The use of chromoendoscopy in the GI tract was first described in 1977 [6], and involves the
topical application of stains or pigments to improve visualization of the mucosa during en‐
doscopy. The basics of performing chromoendoscopy require only a small number of items:
staining agents, spray catheters, water rinses, and mucolytic agents. There are three main
types of stains that are used:

i. Absorptive stains (methylene blue, Lugol’s solution)

ii. Contrast stains (indigo carmine, acetic acid)

iii. Reactive stains such as congo red or phenol

There are two essential principles in chromoendoscopy: mucus removal and dye applica‐
tion. The former is achieved by using water, or occasionally some centers have advocated
the use of a mucolytic agent; N-Acetylcysteine [7-9]. This can be achieved by flushing the
agent through the working channel, using a spray catheter or even administering it as an
oral solution before the endoscopic procedure. Once the mucus is cleared, the dye can then
be applied.

3.1. Methylene Blue (MB) chromoendoscopy

MB, an absorptive dye, is probably the most investigated stain for evaluation of BE. MB is
applied topically at a concentration of 0.5-1.0% and is absorbed by goblet cells present in
metaplastic Barrett’s epithelium. Much of the early work on MB has been performed by
Canto’s group [10]. The first series published in 1996 assessed 14 patients with Barrett's
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esophagus and 12 control patients. Methylene blue stained specialized columnar epithelium
in 18 of the 26 patients, including those with intramucosal carcinoma (1), high-grade dyspla‐
sia (1), and indefinite/low-grade dysplasia (6). The overall sensitivity of methylene blue
staining for the biopsy finding of specialized intestinal metaplasia was 95%. The same group
then went on to a prospective, sequence randomized, trial of MDMB versus standard sur‐
veillance endoscopy with 2cm quadrantic biopsy [11]. 41 patients were studied with each
procedure performed by separate endoscopists within an interval of 3 to 4 weeks. The aver‐
age number of biopsies was significantly lower with MBDB than 2cm quadrantic biopsy but
the MB staining added a mean of 7 minutes (range 2 to 12 minutes) to the endoscopy proce‐
dure. Dysplasia or cancer was diagnosed in significantly more biopsy specimens (12%
[12,13] vs. 6%, p = 0.004) and patients (44% vs. 28%, p = 0.03) by MBDB than by random bi‐
opsy technique.

 

 
 

Figure 1. Example of diffuse staining. Esophagus seen before and after staining with diffuse, uniform methylene blue
staining [14].

The problems with MB in BE is that dysplastic areas do not stain. Furthermore even areas
which do not harbor IM do not absorb the dye. This makes it difficult for the endoscopist to
decide on which areas to target the biopsies during the procedure. There are also some is‐
sues with the uniformity of the dye. It has been examined in both long and short segment BE
[12,13,15]. Two patterns of staining have been documented - diffuse and focal. Canto et al.
[15] found that most patients with long segment BE exhibited diffuse staining, whereas Wo
et al. [16] observed focal staining in their cohort of patients with long segment BE. Similar
results have been found when examining short segment BE by Sharma et al. [17] who found
that the majority of their patients with short segment BE stained diffusely. In contrast, in 30
patients with short segment BE assessed by Kiesslich’s group [18], only 80% demonstrated
staining in a focal pattern.

A recent meta-analysis assessing the diagnostic yield of MB in detecting intestinal and dys‐
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2. White Light Endoscopy (WLE)
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esophagus and 12 control patients. Methylene blue stained specialized columnar epithelium
in 18 of the 26 patients, including those with intramucosal carcinoma (1), high-grade dyspla‐
sia (1), and indefinite/low-grade dysplasia (6). The overall sensitivity of methylene blue
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age number of biopsies was significantly lower with MBDB than 2cm quadrantic biopsy but
the MB staining added a mean of 7 minutes (range 2 to 12 minutes) to the endoscopy proce‐
dure. Dysplasia or cancer was diagnosed in significantly more biopsy specimens (12%
[12,13] vs. 6%, p = 0.004) and patients (44% vs. 28%, p = 0.03) by MBDB than by random bi‐
opsy technique.
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differences in technique and quality of published data, the meta-analysis showed no signifi‐
cant benefit of MB chromoendoscopy compared with random biopsies in detecting SIM,
dysplasia or early esophageal cancer [19].

Unfortunately MB is inconvenient to use. It must be left in contact with the mucosa for 3 mi‐
nutes followed by vigorous washing to clear away excess dye. As a result the endoscopic
appearances are unpredictable, subjective and not reproducible

3.2. Acetic acid chromoendosocpy

Acetic acid 2.5% (AA) when sprayed onto Barrett’s mucosa causes a reversible acetylation of
nuclear proteins to occur. This leads to an acetowhitening reaction, with increased opacity of
the mucosal surface. It also causes vascular congestion and improves surface pattern evalua‐
tion. There is a growing body of evidence that magnification chromoendoscopy with acetic
acid improves the diagnosis of specialized intestinal metaplasia. The technique is advanta‐
geous as it is both safe and inexpensive. When topically applied to multilayered squamous
epithelium the acetic acid is progressively neutralized by mucus covering the epithelium
and the underlying stroma and the vascular network are protected [20]. In single layered
columnar lined esophagus the acetic acid reversibly alters the barrier function of the epithe‐
lium and reaches the stroma and vascular network. This leads to swelling of the mucosal
surface and enhancement of the surface architecture. There is also enhancement of vascular
pattern due to congestion of the capillaries. Transient changes to the structure of cellular
proteins may also occur.

Figure 2. Acetic acid used to visualise Barrett’s oesophagus, ridge pattern signifying Intestinal metaplasia
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All of the studies using acetic acid have combined magnification endoscopy to study the pit
pattern of the mucosa. Classification is based on Guelrud’s description of four typical pit
patterns; gastric patterns (pattern I = pits with a regular and orderly arranged circular dots;
pattern II = reticular pits that are circular or oval and are regular in shape and arrangement);
SIM patterns (pattern III = fine villiform appearance with regular shape and arrangement;
pattern IV = thick villous convoluted shape with a cerebriform appearance with regular
shape and arrangement).

In the first prospective cohort study of 49 patients, sensitivity for specialized intestinal meta‐
plasia = 96.5%, specificity = 88.7% and overall accuracy was 92.2% [21]. Using modified crite‐
ria, a second study of 67 patients demonstrated sensitivity 88.5%, specificity 90.2% and
diagnostic accuracy of 90% [22]. Reaud et al. studied 28 patients with a type III or IV pattern
with sensitivity for SIM of 95.5%, specificity 42.9 % and diagnostic accuracy of 75% [23].

A further randomised crossover study using acetic acid for the detection of Barrett’s metapla‐
sia in 32 patients was performed by Hoffman et al. [24]. Patients were randomized to either
standard video endoscopy with quadrantic biopsies or to magnifying endoscopy with acetic
acid. All patients were re-examined after 14 days post initial endoscopy with the correspond‐
ing procedure. The investigators found that magnifying endoscopy enabled the prediction of
Barrett’s epithelium with a sensitivity of 100% and specificity of 66% and accuracy of 83.8%.
The biopsies obtained following exposure to acetic acid yielded a significantly higher percent‐
age of tissues containing Barrett’s metaplasia (78%) compared to random biopsies (57%). Again
this study had no dysplasia cases and the authors recognized this as a limitation of the study.

In a very recent landmark study by Longcroft-Wheaton et al. [25] from Portsmouth in the
United Kingdom, the efficacy of acetic acid has been investigated in detecting Barrett’s dys‐
plasia. Data were collected from 190 patients with Barrett's esophagus examined over a 3
year period at a tertiary referral center from procedures performed by a single experienced
endoscopist. Patients were first examined with white light gastroscopy and visible abnor‐
malities were identified. Acetic acid (2.5%) dye spray was used to identify potentially neo‐
plastic areas and biopsy samples were collected from these, followed by quadrantic biopsies
at 2 cm intervals of the remaining Barrett's mucosa. The chromoendoscopic diagnosis was
compared with the ultimate histological diagnosis to evaluate the sensitivity of acetic acid
chromoendoscopy. Acetic acid chromoendoscopy had a sensitivity of 95.5% and specificity
of 80% for the detection of neoplasia. There was a correlation between lesions predicted to
be neoplasias by acetic acid and those diagnosed by histological analysis (r = 0.98). There
was a significant improvement in the detection of neoplasia using acetic acid compared with
white light endoscopy (P = 0.001).

3.3. Indigo carmine chromoendoscopy

Whilst Indigo carmine has been used in many studies looking at colonic neoplasia, it has not
been studied to such a degree in the esophagus. As in the colon, it is not absorbed by esopha‐
geal and Barrett’s mucosa, but accumulates in the pits and valleys between cells, highlighting
the architecture. It is a contrast agent which can highlight mucosal irregularities and has been
very helpful in the colon. However, results have been less encouraging in the esophagus.
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Sharma et al. showed that using indigo carmine and high resolution endoscopy 3 distinct
patterns can be recognized at endoscopy: ridged and/or villous, circular, and irregular
and/or distorted [26]. Barrett’s epithelium was most commonly identified in the ridged-vil‐
lous pattern, whereas high-grade dysplasia was found entirely in the irregular/distorted pat‐
tern. An irregular/distorted pattern either throughout the entire segment of Barrett’s
esophagus or in combination with a ridge/villous or circular pattern had a sensitivity or
83%, a specificity of 88%, a positive predictive value of 45%, and a negative predictive value
of 98% for high-grade dysplasia.

Figure 3. High−resolution white−light imaging (left) and indigo carmine chromoendoscopy (right) of a small mucosal
lesion (type IIb) at the 6−o’clock position (arrows), detected in a patient with Barrett’s esophagus. This area was re‐
garded as suspicious after spraying of indigo carmine. High grade dysplasia was found in the corresponding biopsy
specimens [27].

4. HD WLE & optical enhancements

Video endoscopy relies on a charge coupled device (CCD) chip to enhance image resolution
and magnification. Standard definition (SD) WLE is rapidly being replaced by the introduc‐
tion of high definition endoscopes. Video endoscopes use white light from a xenon or halo‐
gen source for illumination. The reflected light is captured by a CCD chip at the tip of the
instrument in order to reconstruct the images. Conventional SD endoscopes are equipped
with CCD chips that produce an image signal of 100,000 to 400,000 pixels which is displayed
in SD format. The chips currently in use in HD endoscopes produce resolutions that range
from 850,000 to 1.3 million pixels. In order to generate a true HD image, each component of
the system (e.g. the endoscope CCD chip, the processor, the monitor, and transmission ca‐
bles) must be HD compatible.

4.1. Enhanced imaging systems – Olympus Narrow Band imaging (NBI)

Conventional WLE uses the entire spectrum of visible light (400-700mm) to examine tissue.
Narrow band imaging (NBI) developed by Olympus Medical Systems (Olympus, Japan) is a
new advance in endoscopy that uses optic filters to isolate two specific bands of light: 415
nm blue and 540 nm green. By isolating these two bands of light and taking into account
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their absorptive and reflective properties on the mucosal surface, an image that enhances
visualization of superficial mucosal and vascular structures is created. The quality of the
surface pit pattern morphology is also clearly enhanced by this technology. It enables the en‐
doscopist to switch between conventional white light and NBI views easily and quickly dur‐
ing the procedure, thus making the procedure itself less messy and cumbersome compared
to chromoendoscopy. By depressing a lever on the endoscope, the focal distance of the lens
at the tip of the endoscope can be adjusted electronically thus enabling the endoscopist to
achieve a maximal magnification of 115X in real time.

Figure 4. NBI uses two discrete bands of light: One blue at 415nm and one green at 540nm. Narrow band blue light
displays superficial capillary networks, while green light which penetrates more deeply into tissue displays subepithe‐
lial vessels and when combined offer an extremely high contrast image of the tissue surface.

Figure 5. NBI image on the monitor: Capilaries on the surface are displayed in brown and veins in the sub surface are
displayed in cyan.
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Figure 6. Light filtering in the narrow-band imaging system. The white light is split into two narrow bands: a blue
narrow band of 415 nm and a green narrow band of 540 nm.

Although many studies have shown the benefit of NBI over conventional WLE in detect‐
ing HGD and early esophageal cancer, others have questioned whether NBI achieves any
incremental improvement beyond that of HRE-WLE. Wolfsen et  al.  investigated whether
NBI targeted biopsies could detect advanced dysplasia using fewer biopsy samples com‐
pared with conventional endoscopy using the four-quadrant biopsy method with a pro‐
spective,  blinded,  controlled  tandem  study  [28].  The  study  revealed  that  NBI  detected
dysplasia  in  57%  of  patients  compared  with  43%  in  the  conventional  endoscopy  with
four-quadrant biopsy group, with higher grades of dysplasia detected in the NBI group
(P  <  0.001).  In  addition,  more  biopsies  were  taken  in  the  four-quadrant  biopsy  group
compared with narrow-band targeted biopsies (mean 8.5 versus 4.7;  P < 0.001).  A study
by Kara et al.  investigated chromoendoscopy versus NBI, both in combination with high
resolution  endoscopy,  in  a  prospective,  randomized  crossover  study  with  14  patients
[29].  The sensitivity of chromoendoscopy and NBI was 93% and 86%, respectively, com‐
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pared with 79% for four-quadrant biopsies with conventional endoscopy in the diagnosis
of high-grade dysplasia or early cancer (EC) in patients with BE. Although chromoendo‐
scopy and NBI identified additional lesions (chromoendoscopy two additional lesions in
two patients; NBI four additional lesions in three patients), they did not increase per pa‐
tient sensitivity for identifying HGD/EC.

Interestingly, in an inter-observer agreement study by Curvers et al.  there was moderate
inter-observer  agreement  for  classification  of  mucosal  morphology  by  NBI  (0.40–0.56)
[30].  Although  there  was  improvement  in  image  quality  with  NBI  compared  to  HRE,
NBI provided no significant  improvement in inter-observer variability  and yield for  de‐
tecting neoplasia.  The yield of HRE-WLE for neoplasia was 81%, 72% for NBI, and 83%
for  the  HRE-WLE with  NBI.  The  addition  of  enhancement  techniques  did  not  improve
the yield of neoplasia in this series.

More recently Curvers et al. have performed a review of studies that analyzed NBI images
for accuracy in differentiating HGD/cancer from low-grade dysplasia (LGD) or non-neoplas‐
tic Barrett’s esophagus [31]. In a meta-analysis that included 149 areas with HGD/cancer and
607 areas with LGD or non-dysplastic Barrett’s esophagus, NBI had a sensitivity for HGD/
cancer of 97% (95% CI 89– 99%) and a specificity of 94% (60–99%), and an accuracy of 96%
(72–99%). Consequently, the use of ‘targeted’ biopsy techniques using image enhancement
techniques has potential time and cost savings. They recognize however that these findings
may not be generalizable as these studies were performed in high-risk populations.

4.2. Comparing high definition WLE to enhanced imaging systems (NBI)

The majority of studies looking at NBI compare its efficacy in relation to other endoscopic
modalities such as chromoendoscopy or autofluorescence as well as HD-WLE. There are
limited data directly comparing the efficacy of NBI versus HD-WLE in the diagnosis of dys‐
plasia/early cancer in patients with Barrett’s esophagus. A very recent randomized control
trial from 2012 by Sharma et al [32] compared the use of HD WLE and NBI for detection of
IM or dysplasia in patents with BE. Patients referred for BE screening or surveillance at
three tertiary referral centers were prospectively enrolled and randomized to HD-WLE or
NBI followed by other procedures in 3-8 weeks. During HD-WLE, four quadrant biopsies
every 2 cm, together with targeted biopsies of visible lesions (Seattle protocol), were ob‐
tained. During NBI examination, mucosal and vascular patterns were noted and targeted bi‐
opsies were obtained. 123 patients with BE (mean age 61; 93% male; 97% Caucasian) with
mean circumferential and maximal extents of 1.8 and 3.6 cm, respectively, were enrolled.
Both HD-WLE and NBI detected 104/113 (92%) patients with IM, but NBI required fewer bi‐
opsies per patient (3.6 vs 7.6, P < 0.0001). NBI detected a higher proportion of areas with
dysplasia (30% vs 21%, P = 0.01). During examination with NBI, all areas of HGD and cancer
had an irregular mucosal or vascular pattern. This important study demonstrates that NBI
targeted biopsies can have the same IM detection rate as an HD-WLE examination with the
Seattle protocol while requiring fewer biopsies. In addition, NBI targeted biopsies can detect
more areas with dysplasia. Regular appearing NBI surface patterns did not harbor high-
grade dysplasia/cancer, suggesting that biopsies could be avoided in these areas.
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Figure 6. Light filtering in the narrow-band imaging system. The white light is split into two narrow bands: a blue
narrow band of 415 nm and a green narrow band of 540 nm.
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tained. During NBI examination, mucosal and vascular patterns were noted and targeted bi‐
opsies were obtained. 123 patients with BE (mean age 61; 93% male; 97% Caucasian) with
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dysplasia (30% vs 21%, P = 0.01). During examination with NBI, all areas of HGD and cancer
had an irregular mucosal or vascular pattern. This important study demonstrates that NBI
targeted biopsies can have the same IM detection rate as an HD-WLE examination with the
Seattle protocol while requiring fewer biopsies. In addition, NBI targeted biopsies can detect
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Figure 7. High magnification white light endoscopy-round pits in keeping with columnar mucosa without intestinal
metaplasia with corresponding area on right image seen with narrow band imaging (NBI) and magnification

4.3. Enhanced imaging systems – Pentax medical i-scan

A new endoscopic image enhancement technology, i-scan, has been developed by PENTAX
(HOYA Corporation), Japan. i-Scan uses the EPKi processor technology which enables reso‐
lution above HDTV standard, with distinct digital filters for special post processing online
imaging, which can provide detailed analysis. i−Scan is a novel endoscopic post processing
light filter technology using sophisticated software algorithms with real time image map‐
ping technology embedded in the EPKi processor. The computer controlled digital process‐
ing provides resolution of about 1.25 mega pixels per image. Different elements of the
mucosa are enhanced by pressing a button on the hand piece of the high definition endo‐
scope. i−Scan can be used for surface analysis to recognize lesions using three modes of im‐
age enhancement. These are:

i. Surface enhancement (SE)/ i-scan 1 – enhancement of the structure through recogni‐
tion of the edges

ii. Contrast enhancement (CE)/ i-scan 2 – enhancement of depressed areas and differen‐
ces in structure through colors presentation of low density areas

iii. Surface and Tone enhancement (TE)/ i-scan 3– enhancement tailored to individual or‐
gans through modification of the combination of RGB components for each pixel

i-scan images are as bright as conventional WLE images and therefore i-scan can observe
larger  areas in a  distant  view than NBI.  i-scan does not  need magnifying endoscopy to
observe the demarcation between normal and abnormal tissue. i–scan can be switched on
and  effected  quite  simply  and  instantaneously  by  pushing  a  button,  therefore  it  is  an
easy method for  screening or  detailed inspection,  and may reduce both time and costs.
The sensitivity and specificity of i-scan in detecting dysplasia in Barrett’s  patients is  yet
to be investigated.
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There is as of yet no formal i-scan classification system for BE mucosal patterns. However
using those devised for other modalities such as NBI, endoscopists are able to direct and tar‐
get therapy to subtle anomalies based on these validated classification systems. There is
however a growing body of work showing the increased accuracy of i-scan in the colon in
detecting adenomatous polyp [33].
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Figure 8. Pentax Images of an area of BE mucosa with IM using the various enhancement settings

4.4. Flexible spectral imaging color enhancement (FICE)

Unlike NBI, which utilizes a physical filter, FICE (Fujinon, Japan) is a post processor tech‐
nology which captures spectral reflectance by a color CCD video endoscope. This is sent to a
spectral estimation matrix processing circuit contained in the video processor. The reflec‐
tance spectra of corresponding pixels that make up the conventional image are mathemati‐
cally estimated. From these spectra, it is feasible to reconstruct a virtual image of a single
wavelength. Three such single-wavelength images can be selected and assigned to the red,
green, and blue monitor inputs, respectively, to display a composite color-enhanced multi
band image in real time. In practice this can be used like narrow band imaging to remove
data from the red part of the waveband and narrow the green and blue spectra

A prospective cohort study of 72 patients demonstrated that the identification of Pallisade
vessels using FICE provided a clear demarcation between Barrett’s mucosa and the gastric
mucosa which was superior to standard white light endoscopy [34]. This study did not at‐
tempt to diagnose dysplasia and used transnasal Fujinon endoscopes. These are very small
with a more limited field of view and no optical magnification.
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In a small prospective cohort study of 57 patients which compared FICE with random biop‐
sy in patients with suspected HGD or early cancer arising in BE, a sensitivity of 92% and
specificity of 97% for FICE was achieved [35]. There was HGD or early cancer in 24/57 pa‐
tients. However the investigators used acetic acid in addition to FICE.

5. Mucosal classification systems for dysplasia in BE

There are now several recognized mucosal classification systems that have been described in
the literature. They have formed the basis for further extensive work attempting to validate
numerous optical enhancement modalities for neoplasia in BE. 2 of the very first systems
were defined by Guelred et al. and Endo et al. in 2001 and 2002.

Guelrud et al  [36] in 2001 described a technique they named enhanced-magnification en‐
doscopy,  which combines  magnification endoscopy with instillation of  acetic  acid.  They
classified  Barrett’s  mucosa  into  4  patterns:  I,  round  pits;  II,  reticular  (circular  or  oval
pits); III, villous (fine villiform appearance without visible pits); and IV, ridged (thick vil‐
li  with  convoluted  cerebriform  appearance  without  visible  pits).  This  initial  study  by
Guelrud et al. included 49 patients undergoing endoscopic surveillance for short-segment
Barrett’s  esophagus.  At  the  time  the  study  was  conducted,  a  magnification  endoscope
with standard resolution and a  magnification power of  35x was used.  A spray catheter
was used to apply approximately 10 to  15 mL of  1.5% acetic  acid onto the distal  oeso‐
phagus.  This  technique added an estimated 5  to  8  minutes  to  the  length of  a  standard
endoscopic  examination.  The  4  different  mucosal  surface  patterns  were  observed,  and
one biopsy specimen was taken from each representative pattern.  All  patients with Bar‐
rett’s esophagus had a villiform mucosal pattern that correlated with the finding of intes‐
tinal  metaplasia  on  histopathologic  evaluation  of  the  biopsy  specimens.  The  yield  of
biopsy specimens in the detection of intestinal metaplasia was correlated with the endo‐
scopic pattern. Biopsy specimens from Pattern I mucosa revealed fundic epithelium, and
this pattern served as a control for the analysis. Biopsy specimens from Pattern II muco‐
sa revealed cardia mucosa in 90% of cases; intestinal metaplasia was found in two of 18
samples.  Analysis  showed  that  Pattern  III  and  Pattern  IV  mucosa  contained  intestinal
metaplasia  in  87% and 100% respectively  of  biopsy  specimens.  The  overall  accuracy  of
enhanced  magnification  endoscopy  for  the  detection  of  intestinal  metaplasia  was  92%;
the positive predictive value of Patterns III and IV was 87.5%.

In  2002  Endo  et  al.  [37]  examined  67  regions  in  Barrett’s  mucosa  and  described  5  pat‐
terns.  These  patterns  were  classified into  5  categories.  The dot  type (pit-1)  is  character‐
ized by small  round pits  of  relatively  uniform size  and shape.  The straight  type (pit-2)
consists of long straight lines. The long oval and curved type (pit-3) exhibits long extend‐
ed pits, larger than those of the dot type (pit-1). The tubular type (pit-4) has a complicat‐
ed  and  twisted  pattern  that  is  similar  to  a  branch  or  gyrus-like  structure.  The  fifth
pattern  (pit-5),  villous  type,  has  flat,  finger-like  projections.  Methylene  blue  is  applied
topically at  a  concentration of  0.5-1.0% and is  absorbed by goblet  cells  present in meta‐
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plastic Barrett’s epithelium. Methylene blue stained 0% of the mucosa identified as types
1 and 2. However, intestinal metaplasia was found in 6% of biopsy specimens from mu‐
cosa that exhibited the type 1 pattern.  The rate of  positive methylene blue staining was
23% for type 3, and 40% of biopsy specimens from this type revealed intestinal metapla‐
sia.  Intestinal  metaplasia was found in 100% of biopsy specimens from mucosa that  ex‐
hibited  either  a  type  4  or  type  5  pattern.  However,  type  4  and  type  5  mucosa  were
stained by methylene blue in only 60% and 50% of cases, respectively.

Figure 9. The First Guelrud classification (x35, 1.5% alcohol acetic acid); Pattern I: round pits with a regular and order‐
ly arranged circular dots. Pattern II: reticular pits that are circular or oval and are regular in shape and arrangement.
Pattern III: fine villiform appearance with regular shape and arrangement. Pattern IV: thick villous convoluted shape
with a cerebriform appearance with regular shape and arrangement. Guelrud et al [36]
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Figure 10. Endo Classification of pit pattern of Barrett’s epithelium by magnifying endoscopy. Endoscopic views at
right were obtained without methylene blue staining and those at left after application of methylene blue. Note that
mucosa with pit-1, pit-2, and pit-3 patterns was not stained by the dye, whereas positive staining is evident within
mucosa with pit-4 and pit-5 patterns Endo et al. [37]

Kara et al. in 2006 from Amsterdam [38] suggested a further classification system. They used
NBI with magnifying endoscopy to image and then biopsy randomly selected areas in 63 pa‐
tients with BE. Following this there was a formal review process of the images and biopsies.
The relationship between mucosal morphology and presence of IM and HGD were evaluat‐
ed. Areas of intestinal metaplasia were characterized by either villous/gyrus-forming pat‐
terns (80%), which were mostly regular and had regular vascular patterns, or a flat mucosa
with regular normal-appearing long branching vessels (20%). HGD was characterized by 3
abnormalities: irregular/disrupted mucosal patterns, irregular vascular patterns, and abnor‐
mal blood vessels. All areas with HGIN had at least 1 abnormality, and 85% had 2 or more
abnormalities. The frequency of abnormalities showed a significant rise with increasing
grades of dysplasia. The magnified NBI images had a sensitivity of 94%, a specificity of 76%,
a positive predictive value of 64%, and a negative predictive value of 98% for HGIN.
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Figure 11. Magnified high-resolution white light (left) and NBI (right) endoscopic photographs of areas with nondys‐
plastic BE (no staining, orig. mag.115). The upper 3 examples have regular villous/gyrus-forming mucosal patterns
with regular vascular patterns; the villi are of various sizes and shapes but regular in all areas with blood vessels situat‐
ed between the mucosal ridges. The lower image has a flat-type mucosa without pits or villi; the vasculature shows
regular, normal-appearing long branching vessels. Kara et al. [38]
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Figure 12. Magnified high-resolution white light (left) and corresponding NBI (right) endoscopic photographs of
areas with HGIN in BE (no staining, orig. mag. _115). These examples show irregular/disrupted mucosal patterns, with
irregular vascular patterns with remnants of villous/gyrus-forming mucosal patterns. Kara et al. [38]

Singh et al. [39] from Nottingham in the United Kingdom have looked at an alternative sim‐
plified classification. In a prospective cohort study of 109 patients with Barrett’s esophagus,
mucosal patterns visualized with NBI were classified into four easily distinguishable types:
A, round pits with regular microvasculature; B, villous/ridge pits with regular microvascu‐
lature; C, absent pits with regular microvasculature; D, distorted pits with irregular micro‐
vasculature. The NBI grading was compared with the final histopathological diagnosis. In
903 out of 1021 distinct areas (87.9%) the NBI grading corresponded to the histological diag‐
nosis. The PPV and NPV for type A pattern (columnar mucosa without intestinal metapla‐
sia) were 100% and 97% respectively; for types B and C (intestinal metaplasia) they were
88% and 91% respectively, and for type D (high grade dysplasia) 81% and 99% respectively.
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With respect to inter- and intra-observer agreement, the mean k values in assessing the vari‐
ous patterns were 0.71 and 0.87 in the non-expert group; 0.78 and 0.91 in the expert group.

Figure 13. (A) Type A: round pits with regular microvasculature. (B) Type B: villous/ridge pits with regular microvascu‐
lature. (C) Type C: absent pits with regular microvasculature. (D) Type D: distorted pits with irregular microvasculature.
Singh et al. [39]

A final endoscopic classification system for BE was described by investigators in Kansas
again using narrow band imaging [40]. NBI images were graded according to mucosal pat‐
tern (ridge/villous, circular and irregular/distorted) and vascular pattern (normal and abnor‐
mal), and correlated with histology. Of 51 patients, 28 had IM without dysplasia, 8 had low-
grade dysplasia (LGD), 7 had high-grade dysplasia (HGD), and 8 had cardiac-type mucosa.
The sensitivity, specificity, and positive predictive value of ridge/villous pattern for diagno‐
sis of IM without HGD were 93.5%, 86.7%, and 94.7%, respectively. The sensitivity, specifici‐
ty, and positive predictive value of irregular/distorted pattern for HGD were 100%, 98.7%,
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and 95.3%, respectively. If biopsies were limited to areas with irregular/distorted pattern, no
patient with HGD would have been missed. However, NBI was unable to distinguish areas
of IM from those with LGD.

6. Interobserver agreement of classification criteria

A potential drawback with all these classification systems has been the lack of intra-observer
agreement between endoscopists when using the classification systems described above.

In order to compare the 3 above classification systems from Amsterdam, Nottingham and
Kansas a recent comparative study was performed by Silva et al. [41]. They examined all 3
classification systems in 84 high quality video recordings collected on cases of BE using HD
WLE and NBI. All assessors were blinded to the matched histology form these areas. The
global accuracy was 46% and 47% using the Nottingham and Kansa classifications respec‐
tively and 51% with the Amsterdam Classification. Accuracy for detecting dysplastic lesions
was 75% irrespective of classification system used. The inter-observer agreement ranged
from fair (Nottingham ĸ=0.34) to moderate (Amsterdam and Kansas, ĸ=0.47 and ĸ=0.44, re‐
spectively). The authors concluded that all three systems revealed substantial limitations
when assessed externally and that as a result, NBI could not replace random biopsies for
histopathological analysis.

7. Confocal laser endomicrospcopy (CLE)

CLE is a new technology that enables the endoscopist to perform a real time histological
assessment of the upper gastrointestinal tract and in particular the esophagus. The most
widely used CLE system is  the ‘endoscope with embedded CLE technology’ (eCLE)
made  by  Pentax,  Tokyo,  Japan  and  Optiscan,  Melbourne,  Australia.  The  eCLE  enables
visualization of both the epithelium and the subepithelial vascular structures with imag‐
ing  at  variable  depths  up  to  250mm  and  a  magnification  power  of  up  to  1000μm.  A
probe-based  endomicroscopy  system  has  been  created  by  Mauna  Kea  Technologies  in
which  the  laser-scanning  unit  remains  outside  the  patient,  and  the  endomicroscopy
probe is passed through the working channel of a standard endoscope. This probe-based
CLE (pCLE) provides video sequence imaging at a rate of 12 images per second and al‐
lows for  the  compilation of  images  from a  video sequence  to  create  a  composite  video
mosaic.  The  depth  ranges  from 50  to  150mm and is  fixed based on  the  type  of  probe.
These  CLE  systems  use  a  wavelength  of  48nm  for  excitation.  CLE  requires  the  use  of
contrast  agent,  most  commonly intravenous fluorescein sodium, which is  safe  for  imag‐
ing the gastrointestinal tract [42].

CLE classification systems for Barrett’s esophagus with and without dysplasia have been de‐
scribed for standard endomicroscopy and probe-based endomicroscopy [43,44]. Signs of
non-dysplastic Barrett’s epithelium include a regular epithelial lining pattern, regular vascu‐
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lar pattern, presence of goblet cells, and preservation of the villous pattern of glands. Signs
of dysplasia in Barrett’s esophagus include irregular epithelial lining, fusion of glands, focal
accumulation of dark cells with bright lamina propria, irregular vascular pattern, and dis‐
ruption of the glandular pattern.

Kiesslich et al. [43] demonstrated that eCLE could diagnose Barrett’s associated dysplasia
during endoscopy with a sensitivity of 92.9% and a specificity of 98.4%. Dunbar et al. [45]
conducted a prospective, double-blind, randomized crossover study comparing four-quad‐
rant random biopsies with eCLE-targeted biopsy in 39 patients. They demonstrated that
eCLE improved the diagnostic yield for detecting neoplasia in Barrett’s esophagus. The
yield of eCLE was 33.7% versus 17.2% with random biopsies (P 1⁄4 0.01). Furthermore, some
patients undergoing eCLE would not have needed any random biopsies in order to diag‐
nose neoplasia.

In 2011 Gaddam et al. [46] revised and validated a set of criteria for pCLE for dysplasia in BE
using video recordings. Of multiple pCLE criteria tested in the first phase of their study, on‐
ly those with ≥70% sensitivity or specificity were included in the final set. These were epi‐
thelial surface: saw-toothed; cells: enlarged; cells: pleomorphic; glands: not equidistant;
glands: unequal in size and shape; goblet cells: not easily identified. Using these criteria
overall accuracy in diagnosing dysplasia was 81.5% (95% CI: 77.5–81), with no difference be‐
tween experts vs. non-experts. Accuracy of prediction was significantly higher when endo‐
scopists were “confident” about their diagnosis (98% (95–99) vs. 62% (54–70), P<0.001).
Accuracy of dysplasia prediction for the first 30 videos was not different from the last 45 (93
vs. 81%, P=0.51). Overall agreement of the criteria was substantial, ĸ = 0.61 (0.53–0.69), with
no difference between experts and non-experts.

In a very recent international prospective, multicenter, randomized controlled trial, Shar‐
ma et al.  [47] investigated whether pCLE could allow for real time detection of neoplas‐
tic  Barrett’s  esophagus.  All  patients  with  BE were  examined by HD-WLE,  narrow-band
imaging (NBI),  and pCLE,  and the findings were recorded before matched biopsy sam‐
ples were obtained. The order of HD-WLE and NBI was randomized and performed by
2 independent,  blinded endoscopists.  All  suspicious  lesions  on HD-WLE or  NBI  and 4-
quadrant  random  locations  were  documented.  These  locations  were  then  examined  by
pCLE, and a presumptive diagnosis of  benign or neoplastic (HGD/EC) tissue was made
in real  time after which biopsies were taken from all  locations and were reviewed by a
central pathologist,  blinded to endoscopic and pCLE data. The sensitivity and specificity
for  HD-WLE were  34.2% and 92.7%,  respectively,  compared with  68.3% and 87.8%,  re‐
spectively,  for HD-WLE or pCLE (P = 0.002 and P < 0.001,  respectively).  The sensitivity
and specificity for HD-WLE or NBI were 45.0% and 88.2%, respectively,  compared with
75.8% and 84.2%, respectively, for HD-WLE, NBI, or pCLE (P = 0.01 and P = 0.02, respec‐
tively).  However  with  the  use  of  pCLE in  conjunction with  HD-WLE and NBI  enabled
the identification of  2  and 1  additional  HGD/EC patients  compared with  HD-WLE and
HD-WLE  or  NBI,  respectively,  resulting  in  detection  of  all  HGD/EC  patients,  although
not statistically significant. This may allow better informed decisions to be made for the
management and subsequent treatment of BE patients.
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and 95.3%, respectively. If biopsies were limited to areas with irregular/distorted pattern, no
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These  CLE  systems  use  a  wavelength  of  48nm  for  excitation.  CLE  requires  the  use  of
contrast  agent,  most  commonly intravenous fluorescein sodium, which is  safe  for  imag‐
ing the gastrointestinal tract [42].

CLE classification systems for Barrett’s esophagus with and without dysplasia have been de‐
scribed for standard endomicroscopy and probe-based endomicroscopy [43,44]. Signs of
non-dysplastic Barrett’s epithelium include a regular epithelial lining pattern, regular vascu‐
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accumulation of dark cells with bright lamina propria, irregular vascular pattern, and dis‐
ruption of the glandular pattern.

Kiesslich et al. [43] demonstrated that eCLE could diagnose Barrett’s associated dysplasia
during endoscopy with a sensitivity of 92.9% and a specificity of 98.4%. Dunbar et al. [45]
conducted a prospective, double-blind, randomized crossover study comparing four-quad‐
rant random biopsies with eCLE-targeted biopsy in 39 patients. They demonstrated that
eCLE improved the diagnostic yield for detecting neoplasia in Barrett’s esophagus. The
yield of eCLE was 33.7% versus 17.2% with random biopsies (P 1⁄4 0.01). Furthermore, some
patients undergoing eCLE would not have needed any random biopsies in order to diag‐
nose neoplasia.

In 2011 Gaddam et al. [46] revised and validated a set of criteria for pCLE for dysplasia in BE
using video recordings. Of multiple pCLE criteria tested in the first phase of their study, on‐
ly those with ≥70% sensitivity or specificity were included in the final set. These were epi‐
thelial surface: saw-toothed; cells: enlarged; cells: pleomorphic; glands: not equidistant;
glands: unequal in size and shape; goblet cells: not easily identified. Using these criteria
overall accuracy in diagnosing dysplasia was 81.5% (95% CI: 77.5–81), with no difference be‐
tween experts vs. non-experts. Accuracy of prediction was significantly higher when endo‐
scopists were “confident” about their diagnosis (98% (95–99) vs. 62% (54–70), P<0.001).
Accuracy of dysplasia prediction for the first 30 videos was not different from the last 45 (93
vs. 81%, P=0.51). Overall agreement of the criteria was substantial, ĸ = 0.61 (0.53–0.69), with
no difference between experts and non-experts.
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ma et al.  [47] investigated whether pCLE could allow for real time detection of neoplas‐
tic  Barrett’s  esophagus.  All  patients  with  BE were  examined by HD-WLE,  narrow-band
imaging (NBI),  and pCLE,  and the findings were recorded before matched biopsy sam‐
ples were obtained. The order of HD-WLE and NBI was randomized and performed by
2 independent,  blinded endoscopists.  All  suspicious  lesions  on HD-WLE or  NBI  and 4-
quadrant  random  locations  were  documented.  These  locations  were  then  examined  by
pCLE, and a presumptive diagnosis of  benign or neoplastic (HGD/EC) tissue was made
in real  time after which biopsies were taken from all  locations and were reviewed by a
central pathologist,  blinded to endoscopic and pCLE data. The sensitivity and specificity
for  HD-WLE were  34.2% and 92.7%,  respectively,  compared with  68.3% and 87.8%,  re‐
spectively,  for HD-WLE or pCLE (P = 0.002 and P < 0.001,  respectively).  The sensitivity
and specificity for HD-WLE or NBI were 45.0% and 88.2%, respectively,  compared with
75.8% and 84.2%, respectively, for HD-WLE, NBI, or pCLE (P = 0.01 and P = 0.02, respec‐
tively).  However  with  the  use  of  pCLE in  conjunction with  HD-WLE and NBI  enabled
the identification of  2  and 1  additional  HGD/EC patients  compared with  HD-WLE and
HD-WLE  or  NBI,  respectively,  resulting  in  detection  of  all  HGD/EC  patients,  although
not statistically significant. This may allow better informed decisions to be made for the
management and subsequent treatment of BE patients.
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Figure 14. Images of normal, dysplastic and cancer using probe based confocal endomicrosocpy. The presence of
goblet cells denoted intestinal metaplasia. (The images are courtesy of the DONT BIOPCE trial)

7.1. OCT – Optical Coherence Tomography

Optical Coherence Tomography (OCT) is an imaging modality that may have the ability
to  improve  the  current  paradigm  for  endoscopic  screening  and  surveillance  that  exists
for  patients  with  BE.  OCT can be  thought  of  as  an  analogous  technique to  ultrasound,
however,  instead of  producing an image from the scattering of  sound waves,  it  utilizes
optical  scattering based on differences  in  tissue composition to  form a two-dimensional
image [48].  The benefit  of OCT over ultrasound is that it  is capable of generating cross-
sectional images of tissues with an axial-resolution of up to 10μm, which is comparable
to low-power microscopy.

Original OCT systems or time-domain OCT were limited to discrete locations or ‘point’ sam‐
pling due to slow acquisition rates. However, with the development of second-generation
OCT, termed Optical Frequency Domain Imaging (OFDI), it is now possible to perform
high-speed acquisition of large luminal surfaces in three-dimensions [49]. Due to its high-
resolution and high-acquisition rates, utilizing this technique for screening and surveillance
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of Barrett’s esophagus may provide a means to evaluate pathologic states in long-segments
of the esophageal lumen in real-time.

7.2. OCT in Barrett’s esophagus

The  first  clinical  application  using  in  vivo  endoscopic  OCT  for  imaging  of  the  human
esophagus and stomach was performed by Bouma et al.  in 2000 [50]. In this preliminary
study,  the  ability  of  OCT  to  image  normal  esophageal  mucosa  and  stomach,  Barrett’s
esophagus, and adenocarcinoma was investigated. The authors concluded that they were
able to differentiate the normal layered structure of the esophagus using OCT, including
epithelium,  lamina  propria,  muscularis  mucosa,  and  submucosa.  In  addition,  OCT  was
capable  of  differentiating  between  normal  esophageal  mucosa  and  Barrett’s  esophagus
based on the lack of the layered structure found in Barrett’s esophagus as well as a dis‐
organized glandular morphology. Finally, esophageal adenocarcinoma was clearly differ‐
entiable  by  the  presence  of  marked  architectural  disorganization.  Several  studies
immediately  followed  this  landmark  study  using  in  vivo  OCT  for  the  GI  tract  [51-54].
Similarly,  they  utilized  a  non-contact  probe,  approximately  2.5mm  in  diameter,  intro‐
duced through the auxiliary channel of a standard endoscope. These studies all were sig‐
nificant  in the contribution of  development of  OCT for GI imaging and played a major
role  in  the  potential  clinical  utility  of  OCT,  however,  they were  limited to  ‘point’  sam‐
pling and did not address diagnostic information relevant to dysplasia.

Subsequently, diagnostic criteria were developed for endoscopic OCT to diagnose special‐
ized intestinal metaplasia (SIM), high-grade dysplasia (HGD), and intramucosal carcinoma
(IMC). In prospective studies performed by Poneros et al. and Evans et al., sensitivities from
81%-97% and specificities from 57%-92% for diagnosing SIM were reported [55,56]. Addi‐
tionally, sensitivities and specificities for detecting HGD and IMC were reported in the
ranges of 54%-83% and 72%-75%, respectively [55,57]. Unfortunately, similar to previous in‐
vestigations, the studies were limited to ‘point’ sampling where a probe was placed at dis‐
crete locations and cross-sectional images were obtained. Although these studies made great
strides in the diagnostic potential of OCT, the true clinical utility for Barrett’s esophagus
was not realized due to the potential for sampling errors analogous to biopsy.

More recently, technological advancements and the development of a second-generation
OCT system, OFDI, has provided the ability to image long-segments of tissue with high-res‐
olution and contrast identical to those obtained in OCT but at a rate approximately 100-
times faster [58,59]. The first comprehensive imaging of the esophagus in human patients
using OFDI was performed by Suter et al. In this study, a balloon-centering optical catheter
was used to acquire long-segment (6cm) images of the esophagus during an endoscopic pro‐
cedure (<2 minutes) [60]. During system and catheter development, a total of 32 patients
were imaged prior to the design being unchanged. Once the final design had been establish‐
ed, a total of 10 patients out of 12 were successfully imaged using the comprehensive micro‐
scopy technique of OFDI, while 2 patients were not imaged due to imaging system
malfunction. No adverse events or patient-related complications were reported in the study.
Although the study presented promising case findings related to OCT diagnosis of normal
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Figure 14. Images of normal, dysplastic and cancer using probe based confocal endomicrosocpy. The presence of
goblet cells denoted intestinal metaplasia. (The images are courtesy of the DONT BIOPCE trial)
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however,  instead of  producing an image from the scattering of  sound waves,  it  utilizes
optical  scattering based on differences  in  tissue composition to  form a two-dimensional
image [48].  The benefit  of OCT over ultrasound is that it  is capable of generating cross-
sectional images of tissues with an axial-resolution of up to 10μm, which is comparable
to low-power microscopy.

Original OCT systems or time-domain OCT were limited to discrete locations or ‘point’ sam‐
pling due to slow acquisition rates. However, with the development of second-generation
OCT, termed Optical Frequency Domain Imaging (OFDI), it is now possible to perform
high-speed acquisition of large luminal surfaces in three-dimensions [49]. Due to its high-
resolution and high-acquisition rates, utilizing this technique for screening and surveillance
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of Barrett’s esophagus may provide a means to evaluate pathologic states in long-segments
of the esophageal lumen in real-time.

7.2. OCT in Barrett’s esophagus

The  first  clinical  application  using  in  vivo  endoscopic  OCT  for  imaging  of  the  human
esophagus and stomach was performed by Bouma et al.  in 2000 [50]. In this preliminary
study,  the  ability  of  OCT  to  image  normal  esophageal  mucosa  and  stomach,  Barrett’s
esophagus, and adenocarcinoma was investigated. The authors concluded that they were
able to differentiate the normal layered structure of the esophagus using OCT, including
epithelium,  lamina  propria,  muscularis  mucosa,  and  submucosa.  In  addition,  OCT  was
capable  of  differentiating  between  normal  esophageal  mucosa  and  Barrett’s  esophagus
based on the lack of the layered structure found in Barrett’s esophagus as well as a dis‐
organized glandular morphology. Finally, esophageal adenocarcinoma was clearly differ‐
entiable  by  the  presence  of  marked  architectural  disorganization.  Several  studies
immediately  followed  this  landmark  study  using  in  vivo  OCT  for  the  GI  tract  [51-54].
Similarly,  they  utilized  a  non-contact  probe,  approximately  2.5mm  in  diameter,  intro‐
duced through the auxiliary channel of a standard endoscope. These studies all were sig‐
nificant  in the contribution of  development of  OCT for GI imaging and played a major
role  in  the  potential  clinical  utility  of  OCT,  however,  they were  limited to  ‘point’  sam‐
pling and did not address diagnostic information relevant to dysplasia.

Subsequently, diagnostic criteria were developed for endoscopic OCT to diagnose special‐
ized intestinal metaplasia (SIM), high-grade dysplasia (HGD), and intramucosal carcinoma
(IMC). In prospective studies performed by Poneros et al. and Evans et al., sensitivities from
81%-97% and specificities from 57%-92% for diagnosing SIM were reported [55,56]. Addi‐
tionally, sensitivities and specificities for detecting HGD and IMC were reported in the
ranges of 54%-83% and 72%-75%, respectively [55,57]. Unfortunately, similar to previous in‐
vestigations, the studies were limited to ‘point’ sampling where a probe was placed at dis‐
crete locations and cross-sectional images were obtained. Although these studies made great
strides in the diagnostic potential of OCT, the true clinical utility for Barrett’s esophagus
was not realized due to the potential for sampling errors analogous to biopsy.

More recently, technological advancements and the development of a second-generation
OCT system, OFDI, has provided the ability to image long-segments of tissue with high-res‐
olution and contrast identical to those obtained in OCT but at a rate approximately 100-
times faster [58,59]. The first comprehensive imaging of the esophagus in human patients
using OFDI was performed by Suter et al. In this study, a balloon-centering optical catheter
was used to acquire long-segment (6cm) images of the esophagus during an endoscopic pro‐
cedure (<2 minutes) [60]. During system and catheter development, a total of 32 patients
were imaged prior to the design being unchanged. Once the final design had been establish‐
ed, a total of 10 patients out of 12 were successfully imaged using the comprehensive micro‐
scopy technique of OFDI, while 2 patients were not imaged due to imaging system
malfunction. No adverse events or patient-related complications were reported in the study.
Although the study presented promising case findings related to OCT diagnosis of normal

Novel Imaging Techniques in Gastrointestinal Endoscopy in the Upper Gastrointestinal Tract
http://dx.doi.org/10.5772/53807

157



esophagus and cardia, ulcerated squamous mucosa, specialized intestinal metaplasia, and
dysplasia, it was limited to image criteria established based on a non-contact OCT probe.
Additional studies are needed to develop diagnostic criteria, intra-observer and inter-ob‐
server variability in diagnosis of OFDI imaging, and an OFDI-histopathologic correlative
study using OFDI technology.

Figure 15. Optical Coherence Tomography images showing normal cardia and a cross sectional image through the
squamous oesophagus. (Courtesy of Ninepoint Medical)

7.3. Autofluorescence

When tissues are exposed to a short wave length light, endogenous biological substances
(i.e., fluorophores) are excited, leading to emission of fluorescent light of a longer wave‐
length. This phenomenon is known as autofluorescence. Autofluorescence imaging (AFI) is
a technique that can potentially differentiate tissue types based on their differences in fluo‐
rescence emission. Normal and neoplastic tissue have different autofluorescence spectra
which may enable their distinction. This is due to the various different compositions of the
endogenous fluorophores which includes collagen, NADH, aromatic amino acids and por‐
phyrins in these tissues. This phenomenon was first utilized in Barrett’s esophagus using
spectroscopic point measurements. In brief, low collagen fluorescence and high NAD(P)H
fluorescence characterize lesions with high grade dysplasia as opposed to non-dysplastic ep‐
ithelia. Hence, with progression towards neoplasia one would typically observe a reduction
in the intensity of green fluorescence, and a relative increase in red fluorescence.

In a 2006 60 patient study using a standard endoscope with an added AFI component, Kara
was able to detect HGD in 22 patients, 14 of which were detected with AFI and WLE, and
six of which were detected using AFI alone; thereby increasing the detection rate from 23%
to 33% using AFI [61]. Only one of the patients was diagnosed using the standard four-
quadrant biopsies alone. Results suggest that AFI may aid in the detection of additional
HGD sites; however, it may not exclude the need for the standard four-quadrant biopsies.
Sensitivity and specificity based on the 116 samples used for this study were 91% and 43%,
respectively. Although no patient was diagnosed without AFI and four-quadrant biopsies,
they cite a high rate of false positives using AFI alone, due in part to the loss of autofluores‐
cence associated with acute inflammation.

Medical Imaging in Clinical Practice158

8. VCE – Video Capsule Endoscopy

Wireless video capsule endoscopy (VCE) was approved by the Food and Drug Adminis‐
tration in 2001 as  an adjunctive aid for  the detection of  small  bowel  disorders.  Because
patients  ingest  the  capsule  in  the  standing  position  and the  small  bowel  VCE captures
two frames per second, the traditional VCE often does not capture images of the esopha‐
go-gastric junction (EGJ).

Developed in 2004, the Esophageal capsule, or PillCam ESO (Given Imaging, Ltd., Duluth,
GA, USA), captures 14 frames per second whereas the patient ingests the capsule in a supine
position and then gradually resumes the sitting position during a 5-minute period. Usage of
the first generation PillCam ESO demonstrated excellent sensitivity and specificity for the
detection of erosive esophagitis and BE in a preliminary study of 106 patients (93 with
GERD, 13 with BE). Sixty-six of 106 patients had positive esophageal findings, VCE identi‐
fied oesophageal abnormalities in 61 (sensitivity, 92%; specificity, 95%). The per-protocol
sensitivity, specificity, PPV, and NPV of VCE for Barrett oesophagus were 97%, 99%, 97%,
and 99%, respectively, and for esophagitis 89%, 99%, 97%, and 94%, respectively. VCE was
preferred over conventional upper GI endoscopy by all patients. There were no adverse
events related to VCE. The investigators concluded that VCE is a convenient and sensitive
method for visualization of oesophageal mucosal pathology and may provide an effective
method to evaluate patients for oesophageal disease.

Following on from this initial landmark study a second generation esophageal capsule, ESO-
2, was released by Given Imaging in 2007 with a 30% increase in the frame capture rate from
14 to 18 frames per second, advanced optics with three lenses instead of one lens, and ex‐
pansion of field of view from 140◦ to 169◦.To maximize visualization of the EGJ and reduce
the presence of bubbles, the standardized ingestion protocol (SIP) was published by Gralnek
et al. [62] and included having the patient lie on his/her right side during capsule ingestion
while sipping 5–10 ml of water every 30 seconds. A subsequent clinical trial in 28 subjects
using the SIP protocol and ESO-2 demonstrated visualization of the Z-line in 75% of sub‐
jects, and sensitivity of 100% with specificity of 74% for BE detection. The agreement be‐
tween ESO-2 and EGD for description of the Z-line was 86% (k = 0.68).

A 2009 meta-analysis [63] including nine studies with 618 patients undergoing primarily the
first generation VCE demonstrated a pooled sensitivity and specificity of VCE for BE detection
of 77% and 86% compared to 78% sensitivity and 90% specificity for upper GI endoscopy.

9. ESS - Elastic Scattering Spectroscopy

Elastic scattering spectroscopy (ESS) is based on white light scattering. In ESS, photons hit
tissue and are backscattered without a change in wavelength. The relative intensity of this
backscattering is influenced by the composition of the interrogated tissue, specifically the
relative concentration of scatterers (i.e. nuclei, mitochondria, connective tissue) and absorb‐
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esophagus and cardia, ulcerated squamous mucosa, specialized intestinal metaplasia, and
dysplasia, it was limited to image criteria established based on a non-contact OCT probe.
Additional studies are needed to develop diagnostic criteria, intra-observer and inter-ob‐
server variability in diagnosis of OFDI imaging, and an OFDI-histopathologic correlative
study using OFDI technology.

Figure 15. Optical Coherence Tomography images showing normal cardia and a cross sectional image through the
squamous oesophagus. (Courtesy of Ninepoint Medical)
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which may enable their distinction. This is due to the various different compositions of the
endogenous fluorophores which includes collagen, NADH, aromatic amino acids and por‐
phyrins in these tissues. This phenomenon was first utilized in Barrett’s esophagus using
spectroscopic point measurements. In brief, low collagen fluorescence and high NAD(P)H
fluorescence characterize lesions with high grade dysplasia as opposed to non-dysplastic ep‐
ithelia. Hence, with progression towards neoplasia one would typically observe a reduction
in the intensity of green fluorescence, and a relative increase in red fluorescence.

In a 2006 60 patient study using a standard endoscope with an added AFI component, Kara
was able to detect HGD in 22 patients, 14 of which were detected with AFI and WLE, and
six of which were detected using AFI alone; thereby increasing the detection rate from 23%
to 33% using AFI [61]. Only one of the patients was diagnosed using the standard four-
quadrant biopsies alone. Results suggest that AFI may aid in the detection of additional
HGD sites; however, it may not exclude the need for the standard four-quadrant biopsies.
Sensitivity and specificity based on the 116 samples used for this study were 91% and 43%,
respectively. Although no patient was diagnosed without AFI and four-quadrant biopsies,
they cite a high rate of false positives using AFI alone, due in part to the loss of autofluores‐
cence associated with acute inflammation.
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of 77% and 86% compared to 78% sensitivity and 90% specificity for upper GI endoscopy.

9. ESS - Elastic Scattering Spectroscopy

Elastic scattering spectroscopy (ESS) is based on white light scattering. In ESS, photons hit
tissue and are backscattered without a change in wavelength. The relative intensity of this
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ers (i.e. hemoglobin). With the transition to dyplasia or neoplasia, tissues typically experi‐
ence an increase in nuclear crowding and enlargement and a change in biochemical
composition. All of these changes lead to characteristic alterations in light scattering, which
can be used to delineate different tissue types.

ESS spectra relate to the wavelength-dependence and angular-probability of scattering effi‐
ciency of tissue micro-components. The sizes, indices of refraction and structures of the
denser sub-cellular components (e.g., the nucleus, nucleolus, mitochondria) are known to
change upon transformation to premalignant or malignant conditions. Indeed, histopatholo‐
gists use these nuclear changes to grade dysplasia, i.e. the sizes and shapes of nuclei and or‐
ganelles, the ratio of nuclear to cellular volume (nuclear:cytoplasmic ratio) and clustering
patterns (nuclear crowding).

ESS is a point measurement. Mourant et al. analyzed elastic light scattering from isolated
mammalian tumor cells and nuclei [64]. Using cells at different stages of growth in the cell
cycle they demonstrated that light scattering at angles greater than about 110° was correlat‐
ed with the DNA content of these cells. Based on model calculations and the relative size
difference of nuclei from cells in different stages of growth, they suggest that this difference
in scattering results from changes in the internal structures of the nucleus that are increased
in the mitotic states.

In order to take optical measurements a flexible fibre-optic probe is passed down the work‐
ing channel of an endoscope and normal white light is shone at the underlying tissue for a
fraction of a second. The back-scattered light is collected and a spectral analysis performed.
This scattering of light is sensitive to changes in the structure of the underlying cells and has
already been shown to be able to detect HGD with a high degree of accuracy. Using pattern
recognition techniques such as multivariate discriminate analysis, algorithms have been de‐
veloped to classify spectra as premalignant or benign tissues. Optical measurements require
less than a second to collect and during the collection of over 10,000 readings in previous
studies no complications have occurred.

Our group at the National Medical Laser Centre at University College London have per‐
formed the largest clinical in vivo study of scattering spectroscopy to date, evaluating the
value of ESS in discriminating dysplastic and non-dysplastic tissue in Barrett’s esophagus
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[65]. A total of 181 matched biopsy sites from 81 patients, where histopathological consensus
was reached, were analysed. There was good pathologist agreement in differentiating high
grade dysplasia and cancer from other pathology (kappa = 0.72). Spectral data was analysed
by LDA + PCA to form a model which was then tested by leave one out cross validation (jac‐
knife analysis). Elastic scattering spectroscopy detected HGD or cancer with 92% sensitivity
and 60% specificity. If used to target biopsies during endoscopy, the number of low risk bi‐
opsies taken would decrease by 60% with minimal loss of accuracy. ESS had a negative pre‐
dictive value of 99.5% for high grade dysplasia or cancer. These novel and very promising
results show that ESS has the potential to target conventional biopsies in Barrett’s surveil‐
lance. In order to validate this technique, a prospective study is required.

10. Raman spectroscopy

The Raman effect was first discovered and described in 1928 by Chandrasekhar Venkata
Raman, for which he was awarded the Nobel Prize in 1930. It is an optical diagnostic techni‐
que that is a very valuable analytical tool. Only recently has it been used for biological and
medical research. It exploits the frequency shift, which occurs when a sample is illuminated
with laser light, due to the excitation of vibrational states in the constituent molecules. The
most significant characteristic of Raman spectra is that the intensity of the individual peaks
is linearly proportional to the concentration of the molecular constituents. Thus, a precise
molecular fingerprint is obtained. It is a rapid, non-destructive, optical scattering technique
that has the ability of objective identification of molecular markers such as protein confor‐
mation, nucleic acid and glycogen content. Thus the Raman spectrum is a direct function of
the molecular biology of the tissue. Extensive work has identified typical peaks, in the re‐
gion 900e1800 cm_1, seen in the normal esophageal epithelium that changes during the
process of malignant transformation. These may be useful for optical detection of neoplastic
transformation during endoscopy.

11. FTIR spectroscopy

FTIR spectroscopy is an analytical technique that is based on the absorption of light in the
region that excites molecular vibrations. Most spectrometers operate in the mid-IR range of
approximately 4000 to 900 cm-1. Molecular vibrations can be excited to higher levels by the
absorption of radiation in this range. Absorption occurs when the energy of the IR radiation
matches the energy difference of the 2 vibrational states. In this way, IR spectra gives infor‐
mation about the molecular vibrations in a given sample manifesting themselves in absorb‐
ance peaks at variable frequencies.

There is much literature outlining the success of FTIR spectroscopy in the identification of
cancerous tissues from normal tissue. Donna et al. [66] found specific spectral changes in the
Fourier Transform spectrum of esophageal cancers. Such changes were attributed to a range
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of molecular alterations such as the decrease in glycogen level and the increase in DNA con‐
tent. Limited work has however been done in the discrimination of the pre-malignant dys‐
plastic states of Barrett’s esophagus using FTIR spectroscopy.

In 2009 Wang et al. [67] studied the use of FTIR in tissue from patients with BE. In this series,
spectra were collected from 98 excised specimens of the distal oesophagus, including 38 squ‐
amous, 38 intestinal metaplasia (Barrett’s), and 22 gastric, obtained endoscopically from 32
patients. They demonstrated that DNA, protein, glycogen, and glycoprotein comprise the
principal sources of infrared absorption in the 950- to 1,800-cm-1 regime. The concentrations
of these biomolecules were quantified by using a partial least squares fit and used to classify
disease states with high sensitivity, specificity, and accuracy. Moreover, use of FTIR to de‐
tect premalignant (dysplastic) mucosa results in a sensitivity, specificity, positive predictive
value, and total accuracy of 92%, 80%, 92%, and 89%, respectively, and leads to a better in‐
ter-observer agreement between two gastrointestinal pathologists for dysplasia (K 0.72) ver‐
sus histology alone (K 0.52). This was the first study that demonstrated that the
concentration of specific biomolecules can be determined from the FTIR spectra collected in
attenuated total reflectance mode and can be used for predicting the underlying histopathol‐
ogy, which will contribute to the early detection and rapid staging of many diseases.

12. Virtual colonoscopy

Virtual colonoscopy (VC) is a diagnostic method enabling the generation of two- dimen‐
sional  and  three-dimensional  images  of  the  colon  and  rectum  from  the  data  obtained
with  relevant  imaging  modality,  usually  spiral  computed  tomography  (CT).  If  CT  is
used, the method is also called CT colonoscopy, CT colonography, or CT pneumocolon.
The main advantages of  the VC which support  its  broader application in medical  prac‐
tice include: limited invasiveness, improved compliance of patients and value for screen‐
ing for colorectal cancer.

The patient undergoing helical computed tomography with the intent of obtaining VC
should undergo complete bowel preparation as for other procedures within abdomen, e.g.
endoscopic colonoscopy. The priority is assigned to evacuation of the contents of the colon
before CT. For this purpose, many agents are used including ethylene glycol electrolyte sol‐
ution, magnesium citrate or oral sodium phosphate. Nevertheless, the quality of bowel
preparation for VC varies considerably between different centres (Van Uitert et al., 2008).
The trend for the optimization of the diagnostic procedures and limitation of the burden to
the patient resulted also in a strategy focusing on the performing of the optical colonoscopy
just after VC, if it is positive for pathological lesions in the colon, in order to avoid repetition
of the bowel preparation procedure. A strategy enabling identification of the artifacts result‐
ing from fecal contents in the bowel in the process of generation of VC images was also pro‐
posed. This is achieved by labeling it with some type of contrast agent, e.g. barium or
meglumine diatrizoate taken orally before the CT (Iannaccone et al., 2004).
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Growing use of the VC is supported by its lower invasiveness in the comparison to oth‐
er  diagnostic  procedures  and  potential  for  higher  compliance  from patients.  These  fea‐
tures increase the value of  the techniques as a screening test  for disorders of  the colon.
The main indications  for  VC include screening for  colonic  polyps or  cancer  and failure
or inadequate results of optical colonoscopy due to anatomical conditions or pathological
lesions, e.g. obstruction of the colon lumen. Furthermore, the VC enables also for exami‐
nation of  extra-colonic  structures  not  accessible  during standard colonoscopy.  This  may
be particularly important  for  these patients  in whom pathological  lesions were detected
inside the colon lumen.

The Guidelines issued in 2008 by American Cancer Society, American College of Radiology
and US Multi-Society Task Force on Colorectal Cancer included VC within recommended
screening tests for colorectal cancer, which should be performed at 5 years intervals in pop‐
ulation of at least 50 years or older (Levin et al., 2008). According to the Guidelines, VC
should be performed after complete bowel preparation. The detection of a polyp of size >6
mm in VC necessitates the performance of optical colonoscopy, preferably the same day or
second complete bowel preparation is needed

12.1. Patient preparation for VC

The purpose of bowel preparation is to clean out the colon before imaging. Preparations
can  be  the  so-called  wet  preparations,  such  as  polyethylene  glycol  and  sodium  phos‐
phate preparations or the drier laxatives including magnesium citrate preparations,  fleet
enemas, bisacodyl tablets and LoSo Prep. Generally phospho-soda (fleet enema) is recom‐
mended  for  young  and  healthy  patients  while  the  polyethylene  glycol  preparation  is
preferable for the elderly.

Prepless techniques are currently also being investigated, requiring faecal tagging methods.
This is achieved by the use of orally ingested agents, usually dilute barium or iodinated con‐
trast medium that ‘tag’ or ‘label’ residual fluid or faecal matter.

A single dose of laxative together with three doses of 250 ml 2.1 % w/v barium sulphate the
day before the scan may equal diagnostic performance in fully pre- pared patients. Image
analysis requires a dedicated CT colonographic software package to ‘subtract’ the high at‐
tenuation labelled faecal residue from the colonic lumen, i.e. CT colonographic software
package with a subtraction capability.

12.2. Data acquisition

Thin-slice acquisition protocols with multi-detractor row CT to cover the entire abdomen in
a single breath hold should be used; 2.5 mm or 1.25 mm collimation is recommended.

12.3. Positioning

Scanning usually begins in the supine position and is subsequently performed in the prone
position if fluid is present in the colon. The second acquisition is to ensure that fluid-filled
segments can be interpreted later.
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12.4. Premedication

The efficacy of administering Buscopan or glucagon before scanning to improve colonic dis‐
tension is con- troversial. In a study of 240 patients who underwent virtual colonoscopy, Ro‐
galla and colleagues found that glucagon improved distension significantly only when the
results were analysed per segment; however Buscopan provided better volume distension
and sig- nificantly reduced the number of collapsed colonic segments.

12.5. Insufflation

Automated insufflation with carbon dioxide (CO2) using an automatic insufflation device is
recommended as this maintains a constant CO2 pressure during scan- ning. Where an auto‐
matic insufflator is not available, a hand pump may be used with insufflation of room air.

12.6. Low-dose CT

Intrinsic high contrast between the colonic wall and insufflated gas allows dose-saving low
MA protocols (e.g. 50 mAs). Recent data suggest that excellent sen- sitivity for cancer and
polyps of over 6 mm can be achieved using a collimation of 2.5 mm and tube cur- rent of 10
mAs giving an effective dose of 2.15 mSV in men and 2.75 mSV in women.

12.7. Intravenous contrast for problem solving

The use of contrast is also controversial in virtual colo- noscopy. A study performed by Mar‐
tina Morrin and colleagues foundthatsensitivityimprovedfrom58%to 75% with the use of IV
contrast. Intravenous contrast is helpful if there is poor preparation of the patient and
should be used as a problem-solving tool.

12.8. Interpretation of data

Interpretation  of  data  can  be  performed  by  a  3D  fly-  through  endoluminal  approach,
with  simultaneous  cor-  relation  with  2D  axial  images  and  2D  MPR  images,  soft-  ware
packages  which  include  multiple  imaging  layout  formats  for  adequate  visualisation  of
the entire colon.

As CT colonography becomes more widespread, there is increasing inter-observer variation
in interpretation. Computer-aided diagnosis (CAD) plays an important role in this regard.
When applied to the colon, CAD relies on three main steps: (i) extraction of the colon from
the 3D CT volume; (ii) identification of potential polyp candidates; and (iii) eliminating false
positives as far as possible.

12.9. Detection of lesions

In a study performed by Pickhardt et al. polyps greater than 6 mm were detectable using
1.25 – 2.5 mm col- limitation with multi-detector row CT. Sensitivity and specificity of CT
colonography decreases as lesion size decreases below 5 mm.
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The gastroenterological literature emphasizes the advanced adenoma as an appropriate tar‐
get for screening. The advanced adenoma is classified by size or histology, with lesions
greater than 10 mm or with villous histology being significant.

There has been debate about significance of small  lesions in CT colonography screening
or  surveillance  programmes;  however  practically  this  is  not  an  issue  for  endoscopic
screening techniques, as all lesions seen are removed. However with radiological screen‐
ing, Pickhardt et al. have considered a cut-off size of 8 mm or greater as a recommenda‐
tion  for  conventional  colonoscopy,  and  recommend  repeat  follow-up  scans  for  smaller
lesions after 2 – 3 years.

13. Endoscopic ultrasound (EUS)

EUS combines 2 modalities:  endoscopic visualization and high-frequency US. The ability
to image the wall of the GI tract as a series of definable layers corresponding to histolo‐
gy, rather than as a single entity, is the basis for most indications for EUS. Other indica‐
tions  have  emerged  from  the  ability  of  EUS  to  provide  detailed  images  of  areas  in
immediate proximity to the GI tract and to guide needles precisely through the gut wall
into surrounding structures.

The addition of endoluminal US offers a unique advantage over traditional endoscopy, al‐
lowing precise differentiation of the individual layers of the GI tract, and direct imaging of
the surrounding organs and tissue. EUS allows assessment of submucosal GI lesions, loco
regional staging of GI malignancy, tissue diagnosis, and staging of pancreaticobiliary le‐
sions, non small-cell lung carcinoma, and mediastinal disease. In prospective trials, EUS has
consistently been shown to have a significant impact on diagnosis and management. EUS-
guided FNA has emerged as an adjunctive modality during standard endosonography, al‐
lowing tissue diagnosis of submucosal lesions, extraluminal lesions, and/or lymph nodes.
Further- more, therapeutic uses for EUS have been described and are used on a limited basis
in some institutions.

EUS has become firmly established as an adjunctive endoscopic imaging study for patients
with previously identified lesions of the GI tract and surrounding organs. Multiple studies
suggest that EUS is superior to CT for tumor (T) and lymph node (N) staging of luminal and
pancreaticobiliary malignancies. The ultimate choice of staging modalities is largely depend‐
ent upon patient selection and local expertise.

13.1. The role of endoscopic ultrasound in staging of oesophageal cancer

Following on from a histological diagnosis of OAC it is imperative to complete a clinical
TNM staging. This has recently been changed in the American Joint Committee on Cancer
(AJCC) Seventh Edition.
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guided FNA has emerged as an adjunctive modality during standard endosonography, al‐
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Further- more, therapeutic uses for EUS have been described and are used on a limited basis
in some institutions.
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pancreaticobiliary malignancies. The ultimate choice of staging modalities is largely depend‐
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13.1. The role of endoscopic ultrasound in staging of oesophageal cancer

Following on from a histological diagnosis of OAC it is imperative to complete a clinical
TNM staging. This has recently been changed in the American Joint Committee on Cancer
(AJCC) Seventh Edition.
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Table 1. 2011 AJCC 7th Edition TNM staging guidelines

The evidence suggests that EUS can successfully differentiate early (T1) from advanced in‐
tramucosal disease but it is poor at differentiating mucosal from submucosal lesions. Its role
in managing patients with early disease therefore appears to be limited, although it does ap‐
pear valuable for detecting associated malignant lymphadenpathy. Although the quality of
computed tomography (CT) and magnetic resonance imaging (MRI) images has improved
dramatically, EUS remains part of the standard algorithm for staging tumours [66;67].

Studies with small cohorts of cases have demonstrated that EUS can accurately predict sub‐
mucosal invasion, especially when lesions are examined with high frequency EYS probes
(20MHz) as this modality helps to delineate all 9 layers of the oesophagus compared to just
the conventional 5 layers as seen by normal resolution EUS. Furthermore the role of EUS
staging is limited by operator experience, location of the neoplasia and morphology of the
lesion (flat versus elevated versus depressed).

In the last  few years,  endoscopic  assessment of  patients  with early oesophageal  cancers
has come increasingly to rely on EMR to assess for  submucosal  invasion.  In a  prospec‐
tive  study  of  64  patients  by  the  Wiesbaden  group,  all  subjects  were  carefully  screened
with conventional radial EUS at a frequency of 7.5 MHz and with HFPUS if a visible le‐
sion was present [68].  Pre-EMR staging was in agreement with the histological  findings
in 58 of the 64 patients (91%) evaluated. Two cases of EUS tumor over stage and 4 cases
of EUS tumor downstage occurred.
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In the largest trial to date, a prospective blinded trial by the same group compared stag‐
ing of early oesophageal carcinoma using high resolution endoscopy (HR-E) with HFPUS
[69].  There was no significant difference in diagnostic  accuracy between the two techni‐
ques  (83%  for  HR-E  and  80%  for  HFPUS).  Sensitivity  for  mucosal  tumours  was  more
than  90%  for  both  modalities  while  sensitivity  for  submucosal  tumours  was  lower,  at
56% for  HR-E  and  48% for  HFPUS.  HFPUS was  significantly  more  accurate  at  staging
submucosal tumours in the tubular oesophagus (10/11; 91%) than those located at the oe‐
sophagogastric junction (2/14, 14%).

In a large study of 50 patients from Notingham by Thomas et al. [70] the role of EUS in de‐
tecting depth of invasion and nodal involvement was investigated in patients with early
Barrett’s associated neoplasia of the oesophagus. Visible lesions in the Barrett's segment
were described as Paris types 0-1 (n = 9), 0-IIb (n = 12), 0-IIa (n = 12), 0-IIa + IIc (n = 6), and 0-
IIc (n = 5). Of the 50 patients, 46 (92%) had either EMR (n = 17), oesophagectomy (n = 23), or
both (n = 6). All 12 patients (100%) with Paris 0-IIb lesions had T0/T1 m staging on EUS con‐
firmed with resection histology. The sensitivity for EUS T-staging for Paris classification was
71.4% for type 0-I, 100% for type 0-IIb, 83% for type 0-IIa, 66.7% for type 0-IIa + IIc, and
66.7% for type IIc. Overall, 8 (17%) of the 46 patients were under staged and 2 (4%) were
over staged. This study demonstrated that for detecting submucosal invasion, EUS has a
sensitivity of 66%, a specificity of 93%, a negative predictive value of 85%, and a diagnostic
accuracy of 84.4%.

14. Comparing EUS to CT and PET CT

EUS is also an important tool for evaluating malignant lymph nodes with a high sensitivity
and specificity. The ability of EUS to detect lymph node involvement has been compared to
computerised tomography (CT) in several studies. In a prospective study of 100 patients
with confirmed early cancer in BE, Pech et al. compared the two modalities for accuracy of
lymph node staging [71]. For the purposes of this study lymph nodes were considered as
non-malignant when the pathological assessment was negative or the long-term follow-up
showed no progression. EUS had a sensitivity of lymph node involvement of 75% and spe‐
cificity of 97%, compared to 38% sensitivity and 100% specificity for CT.

In a more recent series by Choi et al. [72] where a total of 109 patients with respectable OAC
were prospectively enrolled and retrospectively reviewed for evaluation of pre-operative
EUS,PET and CT. The study showed that the overall accuracy of EUS for T-staging was 72%,
and importantly it was the only method of delineating the oesophageal wall layers. The sen‐
sitivities for N staging were 42% for EUS, 49% for PET, and 35% for CT, and their specifici‐
ties were respectively, 9187 and 93%. The accuracy for N staging was 66% for EUS, 68% for
PET and 63% for CT, and it did not differ across the 3 diagnostic modalities. This series
shows that for loco-regional staging, EUS provides excellent T staging accuracy and similar
accuracy for N staging compared with PET and CT scanning.

Novel Imaging Techniques in Gastrointestinal Endoscopy in the Upper Gastrointestinal Tract
http://dx.doi.org/10.5772/53807

167



Table 1. 2011 AJCC 7th Edition TNM staging guidelines

The evidence suggests that EUS can successfully differentiate early (T1) from advanced in‐
tramucosal disease but it is poor at differentiating mucosal from submucosal lesions. Its role
in managing patients with early disease therefore appears to be limited, although it does ap‐
pear valuable for detecting associated malignant lymphadenpathy. Although the quality of
computed tomography (CT) and magnetic resonance imaging (MRI) images has improved
dramatically, EUS remains part of the standard algorithm for staging tumours [66;67].

Studies with small cohorts of cases have demonstrated that EUS can accurately predict sub‐
mucosal invasion, especially when lesions are examined with high frequency EYS probes
(20MHz) as this modality helps to delineate all 9 layers of the oesophagus compared to just
the conventional 5 layers as seen by normal resolution EUS. Furthermore the role of EUS
staging is limited by operator experience, location of the neoplasia and morphology of the
lesion (flat versus elevated versus depressed).

In the last  few years,  endoscopic  assessment of  patients  with early oesophageal  cancers
has come increasingly to rely on EMR to assess for  submucosal  invasion.  In a  prospec‐
tive  study  of  64  patients  by  the  Wiesbaden  group,  all  subjects  were  carefully  screened
with conventional radial EUS at a frequency of 7.5 MHz and with HFPUS if a visible le‐
sion was present [68].  Pre-EMR staging was in agreement with the histological  findings
in 58 of the 64 patients (91%) evaluated. Two cases of EUS tumor over stage and 4 cases
of EUS tumor downstage occurred.

Medical Imaging in Clinical Practice166

In the largest trial to date, a prospective blinded trial by the same group compared stag‐
ing of early oesophageal carcinoma using high resolution endoscopy (HR-E) with HFPUS
[69].  There was no significant difference in diagnostic  accuracy between the two techni‐
ques  (83%  for  HR-E  and  80%  for  HFPUS).  Sensitivity  for  mucosal  tumours  was  more
than  90%  for  both  modalities  while  sensitivity  for  submucosal  tumours  was  lower,  at
56% for  HR-E  and  48% for  HFPUS.  HFPUS was  significantly  more  accurate  at  staging
submucosal tumours in the tubular oesophagus (10/11; 91%) than those located at the oe‐
sophagogastric junction (2/14, 14%).

In a large study of 50 patients from Notingham by Thomas et al. [70] the role of EUS in de‐
tecting depth of invasion and nodal involvement was investigated in patients with early
Barrett’s associated neoplasia of the oesophagus. Visible lesions in the Barrett's segment
were described as Paris types 0-1 (n = 9), 0-IIb (n = 12), 0-IIa (n = 12), 0-IIa + IIc (n = 6), and 0-
IIc (n = 5). Of the 50 patients, 46 (92%) had either EMR (n = 17), oesophagectomy (n = 23), or
both (n = 6). All 12 patients (100%) with Paris 0-IIb lesions had T0/T1 m staging on EUS con‐
firmed with resection histology. The sensitivity for EUS T-staging for Paris classification was
71.4% for type 0-I, 100% for type 0-IIb, 83% for type 0-IIa, 66.7% for type 0-IIa + IIc, and
66.7% for type IIc. Overall, 8 (17%) of the 46 patients were under staged and 2 (4%) were
over staged. This study demonstrated that for detecting submucosal invasion, EUS has a
sensitivity of 66%, a specificity of 93%, a negative predictive value of 85%, and a diagnostic
accuracy of 84.4%.

14. Comparing EUS to CT and PET CT

EUS is also an important tool for evaluating malignant lymph nodes with a high sensitivity
and specificity. The ability of EUS to detect lymph node involvement has been compared to
computerised tomography (CT) in several studies. In a prospective study of 100 patients
with confirmed early cancer in BE, Pech et al. compared the two modalities for accuracy of
lymph node staging [71]. For the purposes of this study lymph nodes were considered as
non-malignant when the pathological assessment was negative or the long-term follow-up
showed no progression. EUS had a sensitivity of lymph node involvement of 75% and spe‐
cificity of 97%, compared to 38% sensitivity and 100% specificity for CT.

In a more recent series by Choi et al. [72] where a total of 109 patients with respectable OAC
were prospectively enrolled and retrospectively reviewed for evaluation of pre-operative
EUS,PET and CT. The study showed that the overall accuracy of EUS for T-staging was 72%,
and importantly it was the only method of delineating the oesophageal wall layers. The sen‐
sitivities for N staging were 42% for EUS, 49% for PET, and 35% for CT, and their specifici‐
ties were respectively, 9187 and 93%. The accuracy for N staging was 66% for EUS, 68% for
PET and 63% for CT, and it did not differ across the 3 diagnostic modalities. This series
shows that for loco-regional staging, EUS provides excellent T staging accuracy and similar
accuracy for N staging compared with PET and CT scanning.

Novel Imaging Techniques in Gastrointestinal Endoscopy in the Upper Gastrointestinal Tract
http://dx.doi.org/10.5772/53807

167



15. Conclusion

There have been significant efforts in recent years towards improving the ability to make
real-time  pathological  diagnoses  during  endoscopy  of  the  upper  gastrointestinal  tract.
Decision making with respect to endoscopic treatment has been informed greatly as a re‐
sult,  meaning  therapy  can  be  delivered  without  delay  obviating  the  need  for  repeated
endoscopic procedures.

Practices  have  evolved greatly  from the  traditional  approach  of  WLE and non-targeted
biopsy.  Today  many  more  additional  techniques  are  available,  from  chromoendoscopy
and NBI to improved post- processing technology, through to the potential  of OCT and
ESS. These have prospective roles not only in detecting dysplasia in Barrett’s esophagus,
but also in the diagnosis and management of early esophageal squamous cell carcinoma
and adenocarcinoma.  The  introduction  of  virtual  colonoscopy with  high sensitivity  and
specificity will allow skilled endoscopists to focus their time on interventional procedure
and remove some of the growing burden of routine diagnostic colonoscopy. EUS contin‐
ues  to  use  the  established radiological  modalities  in  the  GI  tract  to  define  tissue  layers
and stage neoplastic diseases accurately.

The challenge remains to clarify the exact roles of these techniques in clinical practice, to
standardize their use (particularly with respect to classification systems) and to appropriate‐
ly incorporate them into clinical practice on a large scale.
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1. Introduction

Nowadays it is very common to go to a specialist’s surgery because of voice disorders. Voice
pathologies are characterized by the abnormal production and/or absence of vocal quality,
pitch, loudness or resonance. Approximately 28 million workers in the U.S. experience daily
voice problems [1][2] and the statistics indicate that voice pathologies affect almost five percent
of the population [3].

Daily life sometimes affects our voice and our vocal cords. Talking too much (in the case of
occupational voice users, such as singers, teachers, lawyers, telephonists…), screaming,
constantly clearing your throat or smoking can make you hoarse. For example, teachers have
missed many workdays due to voice problems and are more likely to consider changing
occupations because of their voice [4].

Other psychosocial factors, such as stress and anxiety involve voice problems as well [5]. All
the causes mentioned above. All the aforementioned causes can also lead to pathologies such
as nodules, polyps and sores on the vocal cords [6].

The vocal folds (or vocal cords) are composed of twin infoldings of mucous membrane
stretched horizontally across the larynx. Their vibration produces each person’s voice [7].

The most common benign pathologies are the following (all of them analysed in this study):

• Nodules. This disorder prevents the vocal folds from meeting in the midline, which
produces an hourglass deformity on closure resulting in a harsh/rough/coarse…, breathy
voice. Nodules are most common in children and females.

© 2013 Zorrilla and Zapirain; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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• Polyps. This pathology is a benign lesion of the larynx, occurring mostly in adult males,
usually located on the phonating margin of the vocal folds and preventing the vocal folds
from meeting in the midline.

• Cysts. A cyst is a firm mass of organic material contained within a membrane. Cysts can be
located near the surface of the vocal fold or deeper, near the ligament of the vocal fold.

• Paralysis. Paralysis occurs when only one side is paralyzed in the paramedian position or
has very limited movement. It is more common than bilateral involvement.

All previously mentioned morphological path morphological pathologies disturb the phona‐
tion process resulting into a hoarse voice signal, and the hoarse is the main reason To go to the
specialist. Usually, patients can recover their voice with rehabilitation, and only sometimes
the surgery is necessary.

The most widely used clinical voice disorder assessment tools for capturing vocal fold videos
are digital videostroboscopies [8] and high speed recordings [9]. The vocal folds can be
examined by inserting an endoscope through the nose or mouth. The examiner uses the
endoscope light to view the folds and their movement patterns during phonation (producing
sound) and when at rest. This test is invasive and very uncomfortable for the patient and in
some cases the process has to be/ needs to be repeated in order to view the vocal folds correctly.

In this research, only low-speed recordings illuminated with a stroboscopic light are used. We
employ low-speed recorded images since there are intensively used among othorhinolaryng‐
ologists and voice specialists [10].

These recordings are usually very problematic because of the different level… the different
level of illumination inside the video, the patient’s movements while the doctor is recording,
or the zoom. Figure 1.a and 1.b shows two very poor-quality frames. Figure 1.a represents a
low level of illumination and Figure 1.b illustrates patient movement because both frames are
consecutive.

Due to recording difficulties… difficulties, segmentation without initialization (other related
works with user interaction or initialization are supported in [11][12]) is more difficult to obtain
than in high-speed recordings.

However, the problem lies in the fact that a specialist delivers a diagnosis in a subjective way
and it depends on his experience in this area. The study of glottal space (illustrated in Figure
1) in a video sequence can be very useful and decisive when it comes to obtaining an accurate
diagnosis. Figure 1.c shows a very good quality image of healthy vocal folds and in Figure 1.d
vocal folds with one of the studied pathologies –polyps- can be seen.

The main goal is to find a methodology to parameterize vocal folds, obtaining glottal space
segmentation without user interaction, a pre-diagnosis support based on a classification stage
and some objective measurements to support the doctors’ final diagnosis and it allows (the
doctor) to do comparatives and control the patients’ evolution after rehabilitation or surgery.
This chapter has been drawn up taking into account specially the context of development in
clinical medicine and telemedicine applications in the otolaryngology field.
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In this process we consider that the following specific objectives have to be taken into account:

• To work and analyze the commercial database “Laryngeal Videostroboscopic Images (Dr.
Wendy LeBorgne; Plural Publishing)” and some recordings given by the otolaryngologist
Dr. Agustín Pérez Izquierdo from Basurto Hospital.

• To segment vocal fold glottal space correctly and reduce a significant amount of image data

• To classify the images to carry out a pre-diagnosis

• To apply block matching techniques to have information about vocal folds movement

• To define and measure objective parameters to help the diagnosis

(a) (b) 

) 

(c) (d) 

Figure 1. Vocal folds Images. a) and b) Poor quality frames with different illumination. c) and d) Good quality vocal
folds images. c) Healthy folds and b) Pathological folds.

2. State of the art in image processing for otolaryngology

This section is divides into 3 subsections to describe the state of the art in otolaryngology field.
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2.1. Image capture techniques and software analysis

Given that this research is focused on the study of images (and videos) of vocal cords, It is also
object of this study the analysis of different methods of image digital capture of them,.

Nowadays, the scientific and medical community accepts mainly two capture techniques
whose results can help to determine the diagnosis of different vocal fold pathologies. On the
one hand there is videostroboscopy, and, on the other hand, de videoquimiography or high
speed image capture.

The way to visualize and study the vocal cords has been object of study for many centuries.

Manuel García is considered as the the first discoverer of the indirect laryngoscopy with the
speculum. It was in 1854 [13]. At the beginning he was considered an intruder, since he was a
composer, a tenor and a singing teacher, but not a doctor, as might have been expected. But
his idea of placing a dentist speculum in the throat and going on illuminating the larynx with
the sun light reflected in a mirror he holds in her hands, examining the vocal cords [14] was
subsequently recognized by all the laryngological societies.

Later on, it was Johan Nepomuk Czermal from Budapest [15] who improved that technique
using artificial light and speculums of different sizes and it is precisely him who achieved to
introduce the indirect laryngoscopy as the main exploratory method.

In 1975, Stuckrad and Lakatos [16] developed this technique with amplification, that is to say,
with a magnifier. But it is not until 1978 when Oertel [17] developed the laryngostroboscope,
which permits the examination of vocal cords vibration.

This exploratory method allows the diagnosis by the observation of pathologies in initial
stages, or else, those ones which do not affect the morphology of the vocal fold, but its
movement.

In the nineties, the high speed digital videoquimiography of the larynx emerged [18]. This
technique wishes to give a solution to the problems in the speed of the image capture in the
videostroboscopy. The human eye is only capable of capturing 5 or 6 images per second,
whereas the videostroboscopy captures between 25 and 30 frames per second [8] but it
continues to be insufficient to observe the dynamic movements that take place in the larynx
during the phonation. That is why the videoquimiography is currently being an appraised
tool, mostly in the research field.

From the point of view of clinical examination, the digital videostroboscopy is the essential
and routine method in the diagnosis of voice disorders, since it provides an extraordinary
amount of information about the behavior of the vibratory cycle and its alterations.

And it is here where the next sections of this chapter are framed, and precisely in the diagnosis
of the vocal cord alterations within the objective parameterization of stroboscopic videos.

2.2. Software analysis

Recently, international research groups, in collaboration with specialist medical staff are
showing their interest in the development of the characteristics of the vocal fold images’
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software analysis, though, habitually, they don’t reach the market. Given that the VKG images
are of better quality, the development of this application typology use to be developed for its
analysis, as it can be observed in the literature [19-20].

Kay owns software named KIPS (Kay’s Image Processing Software). KAY oriented to the vocal
fold digital image processing, coming from stroboscopic captures or from high quality. It
includes a multitude of tools for the image editing and processing, providing the specialist
with a very valuable information in support of the diagnostic, but it neither issues a diagnosis
nor it automates the process % 100.

Habitually,  the  softwares  used by  the  otolaryngologists/  otolaryngologists,  or  any voice
specialist  have  only  into  account  the  voice  analysis,  and  take  part  of  a  unit  or  voice
laboratory [21].

It is important to remember that the measurement of the acoustic parameters does not issue
the diagnosis of the injury, but it may indicate the level of alteration of the dysphonia. The
objective parameters accepted by the scientific community in the acoustic analysis are: pitch,
jitter, shimmer and HNR (and its variants) and are indicative of a good or low vocal quality [22].

2.3. Image processing techniques to process vocal fold images

In this subsection, the authors describe come techniques which could be applied to this kind
of images.

2.3.1. Active contours

These contours [23] model the boundaries between the object, the background/the bottom, and
the remaining objects of the image. They allow to extract the contours of the object of interest
based on models or forms that use previous information about the form of the objects. The
active contours, or, also named Snakes [24] are much more robust against the presence of noise
and other elements, and allow to segment much more complex images, like the medical images
which are the object of this study, for instance.

The segmentation results, provided by this technique, applied to the vocal cords images are
fairly positive, as it can be seen, but no previous initialization is required.

2.3.2. Wavelet transform

The Wavelet transforms [25] and other multiscale analysis functions are widely used in the
digital image processing for the applications of noise elimination/reduction, compression and
feature extraction.

Its application in bioengineering is very extended [26], and more specifically in applications
of medical images like: ultrasound images, tomography images or magnetic resonance images.
The capture methods of these images and, therefore, its characteristics are very different to the
vocal cord images that are object of study in this chapter.
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2.3.3. Kalman filter

Within the digital image processing field, the Kalman filter is a recursive algorithm that is used
to estimate the position of a moving point or characteristic, and the measurement uncertainty
in the following image. It is about to reach the feature (point, edge, corner, region, and so on),
in a particular area of the following image around the aforesaid position, in which we are sure
to find the feature within a certain degree of confidence.

The aim of the filter is the acquiring of an optimal estimator of the state variables of a dynamic
system, based on noisy observations and on an uncertainty model of the dynamics of the
system [27-28].

It is more appropriate to conduct the study of the vocal cord movements through high-speed
captured images, and in this study stroboscopic images were used. Thus, in this case, the
Kalman filter has not been applied

3. Parameterization system proposal

The developed algorithms, belonging to the Middleware layer, normalize process, analyze and
extract the features of different vocal fold pathologies. Mainly those pathologies which affect
to the morphology of the vocal fold, and which, at least lead to dysphonia, and, in other cases,
pathologies caused by an abnormal function in the movement and vibration of the vocal folds,
as it can be the paralysis of the vocal fold.

The application layer is responsible for the representation of the data to the user in a friendly
graphic interface.

Thus, a sequential order for the implementation of the study and the application of the
algorithms, it is considered 0 stage, to the capture of the image by the specialist. Once the
images are available, we focus in the extraction of all the parameters/features of the sequences
of images that will give us some information about the pathology suffering by the patient or
the absence of it. Subsequently, we try to classify/identify the image comparing withe the
database (with previously classified and diagnosed images) that is available. Finally, with all
the information a diagnosis to the specialist can be offered, supported by all the objective
parameters extracted during the process.

The methodology followed during the whole design process has been constant, defining in
each case the entrance and output requirements and variables of each of the blocks of the
defined stages, as it can be described in the following point.

3.1. Design

The high level design establishes the form and substance of the system considering it as a
whole, as a set of functions that constitute the structure or architecture of the system without
going into detail of each one, since this will be made in the low level detailed Design.
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In all the applications, except by the smallest ones, the first step to design a complete system
consist on dividing it in a small number of components, blocks or stages. Each of the main
blocks of a system covers some aspects of the system that share any common property. Each
one of the blocks or stages contains/comprises a package of functions and interconnected
events that share a common purpose, which have a well-defined interface with the remaining
blocks or stages (and they habitually can be reused in various systems or applications).

The general bock diagram proposed to reach the established objectives can be observed in
Figure 2.

Figure 2. High Level Diagram

The entrance of the systems are the frames of each of the sequences in original format (In colour,
and with the quality and resolution acquired by the camera). Each one of the blocks apply the
necessary transformations to obtain as a final result a report with those objective data which
may help and support the otolaryngologist with the diagnoses, and to evaluate rehabilitation
processes or the evolution after a surgical intervention.
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Next, the five main blocks which compose/contain the low level design are described (Each
one identified with a colour coding which will be maintained throughout the chapter (As it
can be seen in Figure 2).

3.1.1. Pre-processing stage

This first block carries out the necessary functions like the unification, normalization and
standardization of the characteristics of the stroboscopic videos of the vocal folds, or vocal fold
images, so they can be treated more easily and efficiently in the subsequent blocks.

The input of this block is the original recording provided by the otolaryngologist. An isolated
image can also be analyzed, but the results in some of the stages have a low reliability. In some
stages the comparison/study of certain parameter between frames within the same sequence
is necessary. It has to be taken into account the variability of the intraframe recording. Thus,
the comparison is a utility that provides much information,

The Output of this block is a sequence of frames in JPG format normalized in characteristics
and transformed into a grayscale whose gradient has been calculated (to facilitate the appli‐
cation of the filters of the subsequent stage).

3.1.2. Segmentation stage

Due to its level of criticality this is the main stage of the system. The validity of the system and
the error rate obtained in subsequent stages depend, in part of its success. The three subsequent
stages are based (even are used as Input) in the result of the segmentation stage.

During this stage the necessary transformations are used to segment and isolate, in this case,
the region of interest. In this system the ROI it is going to be working with from this moment
on is the glottal space.

The input of this block are the gradient images result of the normalization carried out in the A
block.

The output of this block is the sequence of frames where the glottal space has been segmented.
From the block B, the attention is paid mainly to this part of the image and to the study of the
features of the glottal space perimeter.

3.1.3. Movement detection stage

In this stage Block Matching algorithms are applied, habitually used for the image compression
MPEG standards, and widely extended in a multitude of applications [29]. The aim is to detect
and study the interframe movement of the vocal folds. Always assuming that the stroboscopic
images are not the most adequate ones to evaluate neither the movement nor the vibrations of
the folds, since the frame rate is between 25 and 30 frames per second, far lower the vocal fold
vibration speed.

For this reason, the results of this stage are relative and have to be complemented with the E
stage measures, or even with other studies.
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The input of this block is the frame sequence whose glottal space has been segmented in the
block B.

The Output of this block are all the motion vectors calculated as a result of the application of
the Block Matching algorithms.

3.1.4. Classification stage

With the stages described hitherto it has not been obtained any result which can guide us
in  the diagnosis.  It  only has been extracted the region of  interest  and movement meas‐
ures. It is in this stage where a pre-diagnosis of the data obtained in the stages B and C is
carried out. A classification of the entrance images is made through various algorithms, to
discern  between  morphological  and  non-morphological  pathologies,  comparing  the
entrance of this stage with a previously classified and studied images database. The results
of this stage, partially, depend on the choice and the size of that database to compare the
inputs of this stage.

The D block has various inputs unlike the previous blocks. For the execution of this blocks
three inputs are needed: the original frame sequence, the sequence of frames with the seg‐
mented glottal space (result of the B block), and the motion vectors calculated in Block C
(Output of Block C).

The output of this block is a pre diagnosis/classification, according to the identification/
classification algorithms applied.

3.1.5. Analysis and measurement stage

It is in this stage where finally, the necessary calculations are made to achieve some objective
results which allow us to carry out an evaluation and a possible diagnosis, and even to discern
which is the morphological pathology of the vocal folds the patient suffers. As far as the
pathologies related to the vocal fold movements are concerned, some parameters which may
guide the specialist to a more deep study will be provided, but bearing in mind that the results
provided may not be 100% consistent, due to the frame rate of the available capture.

Once the necessary transformations are made, to achieve those results, some objective
measures over the vocal fold images are made, and it is on their representation in which the
evaluation and/or the diagnosis and the value of this contribution will be based.

The input of this block is multiple, as in Block D. To calculate the objective parameters which
will be the final result of this thesis it is necessary to make calculations and transformations
over the results in blocks B, C and D.

The output of this block will be the set of objective measures supporting the final diagnosis
proposed to the specialist, which may become part of the final report given to the patient.

The novelty, complexity and main feature of the proposed system is that it does not require
any type of neither initialization nor interaction with the user during its execution for the
achieving of the diagnosis, evaluation and/or the measurement of the effectiveness of the
treatment (computer-aided pre-diagnosis).
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4. Results

As it has been reflected in the “Design” section, to illustrate de experimentation carried out, it
would be taken into account that the system has 5 differentiated stages, and the results for each
stage will be showed.

Special emphasis will be placed in the results of the pathologies related to the morphology of
the vocal folds against those related to the movement, because of the type of the images studied
and because of the sample available in the database, and finally the results obtained in different
formats will be presented.

4.1. Segmentation stage tests

The segmentation stage is the first and the most important one in the whole process, since from
its results it depends on the success in the subsequent stages. The obtaining of objective results
for the characterization of the vocal folds and the emission of the diagnosis depend also on
this stage.

In this stage we can observe graphic and numerical results. Those later ones are used to express
the success percentage in the segmentation within the sequence.

If we analyze the results grouping the sequences into pathologies they can be further improved:

• Healthy vocal fold Sequences. The average frames in these sequences is 22,1, having obtained
a correctly segmented frames average of 95,95%.

• Sequences of Vocal Folds with Nodules. The average frames in these sequences is 26, having
obtained an average of correctly segmented frames average of 95,34%. Although the mean
number of frames in the sequences is slightly higher, and this does not affect considerably
to the percentage value of the correctly segmented frames.

• Sequences of Vocal Folds with polyps. The average frames in these sequences is 33,44, having
obtained a correctly segmented frames average of 94,96%.

• Sequences of Vocal Folds with Oedema. The average frames in these 4 sequences is 31,75, having
obtained a correctly segmented frames average of 89,82%.

• Sequences of Vocal Folds with Cyst. The average frames in these 5 sequences is 28,6, having
obtained a correctly segmented frames average of 94,96%.

• Sequences of Vocal Fold with Paralysis. For the segmentation and the subsequent classification,
these images are not differentiated each other in an independent way, from the frames of
the healthy vocal folds. The average frames in these 7 sequences is 30, having obtained a
correctly segmented frames average of 96,88%.

4.2. Classification stage tests

The classification stage is the third stage in the system, and it is applied to provide the doctor
with a reference pre-diagnosis. It is also used as an entrance in subsequent stages, and,
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depending on the results in this stage, either one or other transformations are applied in the
“Analysis and measurement” stage.

The critic element in the validation and the success of this stage is the choice of the Training
Set and to establish which ones have to be those images are the most important decisions that
was to be taken in this stage. Indeed, the success rate and the processing time in this stage,
which it can be considerable, also depend on that decision. This whole system is a post
processing in itself, and it is assumed that it is not carried out in real time.

During the experimentation some tests have been made with different Training Sets of 16,18,
25 and 100 images, being the definitive/final one that Set composed by 100 images.

The results obtained can be seen in Table 1. The percentage of correctly classified images with
the exact pathology (nodules, polyp, oedema, cyst..) is 71,8%, whereas if we simply focus on
the correctly classified ones as healthy or pathological the percentage is 92,1%. The latter is the
result that matters to us, since the success of the final parameterization depends, in part, on it.

It is demonstrated that to change the Training Set makes the results to be completely different,
see the Training Set of 25 images tested with 330 images, where the percentage of the images
correctly classified with the exact pathology varies from 67,23% to 71,20%. 4% of difference,
which, depending on the images of the Training Set can be wider.

In Table 1 is demonstrated that as we go by raising the number of images of the Training Set
the results improve, from 85% of a Training Set with 16 images to 92,09 % of the Training Set
of 25 Images.

Figure 3. Graphic representation of the segmentation results
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The classification stage is the third stage in the system, and it is applied to provide the doctor
with a reference pre-diagnosis. It is also used as an entrance in subsequent stages, and,
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depending on the results in this stage, either one or other transformations are applied in the
“Analysis and measurement” stage.

The critic element in the validation and the success of this stage is the choice of the Training
Set and to establish which ones have to be those images are the most important decisions that
was to be taken in this stage. Indeed, the success rate and the processing time in this stage,
which it can be considerable, also depend on that decision. This whole system is a post
processing in itself, and it is assumed that it is not carried out in real time.

During the experimentation some tests have been made with different Training Sets of 16,18,
25 and 100 images, being the definitive/final one that Set composed by 100 images.

The results obtained can be seen in Table 1. The percentage of correctly classified images with
the exact pathology (nodules, polyp, oedema, cyst..) is 71,8%, whereas if we simply focus on
the correctly classified ones as healthy or pathological the percentage is 92,1%. The latter is the
result that matters to us, since the success of the final parameterization depends, in part, on it.

It is demonstrated that to change the Training Set makes the results to be completely different,
see the Training Set of 25 images tested with 330 images, where the percentage of the images
correctly classified with the exact pathology varies from 67,23% to 71,20%. 4% of difference,
which, depending on the images of the Training Set can be wider.

In Table 1 is demonstrated that as we go by raising the number of images of the Training Set
the results improve, from 85% of a Training Set with 16 images to 92,09 % of the Training Set
of 25 Images.

Figure 3. Graphic representation of the segmentation results
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Number of images in

Training Set
Number of test images

% of images classified with

the correct pathology

% of images correctly

classified (healthy or

pathological)

25 330 67,23 92,09

25 330 71,20 87,65

18 330 69,98 86,34

16 330 68,51 85,00

Table 1. Classification Experiment. Eigenfolds results in %

Up to now, the tests were made with frames containing both Vocal Folds, but, in reality, each
Vocal fold separately can be classified as healthy or pathological.

In the following tests each of the vocal folds were treated independently though the same
Training Sets were maintained but, this time with the double of images, as Table 2 shows.

Number of images in

Training Set
Number of test images

% of images classified with

the correct pathology

% of images correctly

classified (healthy or

pathological)

25 *2 330 *2 65,10% 95,04%

18*2 330*2 64,23% 90,56%

16*2 330*2 37,41% 80,21%

Table 2. Eigenfolds Results using a Vocal Fold Training Set treated the right Fold and the Left Fold independently

Observing Table 2, It can be seen how, analyzing each fold separately, the results improve up
to obtaining 95,04%of success differentiating between those folds that suffer any pathology
related to the morphology or not.

Number of images in

Training Set
Number of test images

% of images classified with

the correct pathology

% of images correctly

classified (healthy or

pathological)

100*2 900*2 71,80% 92,10%

Table 3. Eigenfolds Results Treating Independently the Right Fold and the Left Fold

Finally, in Table 3 the result considered as final is shown, using a Training Set of 100 images
(200 since each vocal fold is studied separately) tested with 900 test images (1800 in reality).
The final result of this stage is that 92,1% of the images are correctly classified. Hence, the
Analysis and Measurement stage will follow the process correctly.
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The Movement detection stage is applied only to those images or sequences of images
previously classified as “Morphologically healthy” and which are really healthy or have a
vocal Fold paralysis. At this point in the system, the movement in some points of the lower
third of each of the vocal fold is measured.

Statistical measures are made, mainly mean, variance, standard deviation, paying special
attention to the measure of the variance.

(a) (b) 

Figure 4. Motion vectors in a) a sequence of vocal Folds with paralysis b) a sequence of Healthy Vocal Folds

In Figure 4 two examples with studied frames are showed, with and without paralysis. In red
appear all the studied vectors in the Vocal Fold contour and calculated through block matching
techniques and in blue the mean vector for all of them.

Observing the vectors in Figure 4a it can be seen, how, one of the folds has less movement,
and, what is more, the quantity of motion represented by the vector is unequal. However in
Figure 4b the motion represented is more synchronous between both vocal folds.

4.3. Analysis and measurement stage tests

This is the stage where the last tests of the system are made and it might be suggested a
diagnosis supported by the objective results obtained over the sequence of images captured
by the doctor.

The objective measurements made of the first 15 sequences studied can be appreciated in Table
4. The measurements carried out are intended to identify the morphological pathologies and
quantify the size of the previously classified polyp, cyst, nodule or edema.

The measurements are made in pixels and per vocal cord, as that is the only way of doing it.
The “0” means that nothing significant was found to measure and therefore confirms that there
is no morphological pathology. When intervals appear, this means that there is some kind of
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diagnosis supported by the objective results obtained over the sequence of images captured
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The objective measurements made of the first 15 sequences studied can be appreciated in Table
4. The measurements carried out are intended to identify the morphological pathologies and
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is no morphological pathology. When intervals appear, this means that there is some kind of

Vocal Folds Stroboscopic Image Processing for Otolaryngology
http://dx.doi.org/10.5772/55343

187



irregularity on the inside edge of the vocal cord, and the area comprising this pathology is
measured.

Interval is the term used for the measured area because the vibration of the cords and the image
captured by the camera mean that the measurement can vary from one frame to another. The
final column in Table 4 provides the algorithm’s final decision; that is, when the image
analyzed has some kind of morphological pathology and when it does not. There were
sequences where quantifying the measurement was scrapped due to its being practically
imperceptible: areas below 10 pixels were not taken into account.

5. Conclusions

In this section the compliance of the foreseen objectives will be checked, and the lines that open
as a continuation of this research work, whose contributions were demonstrated in the
“Proposed System” Chapter will be proposed.

As a summary of the above exposed, a series of conclusions can be obtained, from which a
very important one is underscored. It is possible to provide with help to the diagnosis of vocal
fold pathologies through the vocal fold digital image processing, and the extracting of objective
measures. Furthermore, it has been demonstrated that the interaction with the user it is not
necessary (in this case, the doctor specialist in otolaryngology) during the analysis process and
the vocal fold digital image processing. An algorithm has been developed and it is divided
mainly in two parts: One to carry out the segmentation of the glottal space of the vocal folds
and other one to discern between healthy vocal folds, with morphological pathologies, as could
be those ones related to the movement.

In connection with the segmentation topic, in chapter for it can be observed how, the 95,07%
of the images containing the database were correctly segmented, after the applying of the
proposed algorithm. This ratio was calculated without taking into account the small segmen‐
tation errors which not affect neither to the subsequent stages of the algorithm nor to the
diagnosis (taking into account that the location of this small deviations in the segmentation is
the higher part of the glottal space). The results of the segmentation by sequences grouped by
pathologies were presented, and in all of the 95% ratio is exceeded, except for those sequences
of vocal folds with oedema, where this ratio is below 90%.To differentiate and optimize the
processing concerning the detected pathology, the statistic PCA algorithm was developed/
applied, to carry out a first classification between vocal folds with a morphological pathology
and with the absence of it. It has been demonstrated that the Principal Component Analysis
gives good results using a Training Set of significant images of each pathology. In this block,
results of 92,1% were obtained with a Training set of 100 images (200 in reality, since the right
fold and the left fold were separated).The tests with greater Training Sets are not included,
since the processing time increased exponentially, reaching to be of various minutes.

The objective measures carried out allow the specialist to quantify the size of the pathology
which is describing/visualizing, being able, this way to provide the patient with more infor‐
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mation, to refine the treatment or even measure the evolution in post-operative processes or
in vocal rehabilitation processes. The system, without foregoing the doctor, can suggest a
diagnosis supported by the results obtained.

Sequence

number

Otolaryngologist’s

Diagnosis

Pathology size of

right-hand cord

(in pixels)

Average Size

Standard

Deviation

Pathology size

of left-hand cord

(in pixels)

Average Size

Standard

Deviation

Final Decision

1 Healthy 0,2 0,0 2,4 1,1 Morphologically

Healthy

2 Healthy 0,1 0,0 0,0 0,0 Morphologically

Healthy

3 Healthy 0,1 0,0 0,0 0,0 Morphologically

Healthy

4 Healthy 5,2 2,9 0,0 0,0 Morphologically

Healthy

5 Healthy 0,0 0,0 0,0 0,0 Morphologically

Healthy

6 Healthy 0,0 0,0 0,0 0,0 Morphologically

Healthy

7 Nodules 95,5 0,8 120 0,4 Nodules

8 Nodules 32,5 1,8 36,3 0,5 Nodules

9 Healthy 0,0 0,0 0,0 0,0 Morphologically

Healthy

10 Polyps 97,9 0,8 0,0 0,0 Pathological

Right cord

11 Nodules 157 1,1 156 0,7 Nodules

12 Paralysis 0,0 0,0 0,0 0,0 Morphologically

Healthy

13 Paralysis 0,0 0,0 0,0 0,0 Morphologically

Healthy

14 Edema 0,0 0,0 925 0,6 Pathological Left

cord

15 Cyst 0,0 0,0 90,9 1,1 Pathological Left

cord

Table 4. Measurements results
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From these results we can conclude that the designed algorithm operates properly, and, which
is more important, avoiding to the maximum the interaction with the user.

And it is precisely in this interaction with the user where the few commercial softwares which
are in the market about the subject-matter before us.

Attending to clinical benefits, the proposed system is based mainly on providing the otolar‐
yngologist with the most sophisticated technological means for the diagnosis, quantification
of the extent of the pathology, on measuring the efficiency of the treatment of a surgery, and
in a collateral way, on reducing the health costs in this service.
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1. Introduction

Despite the advances in public health during the 18th and 19th centuries and the introduc‐
tion of immunization and antibiotics in the 20th century, bacterial infection is among the
most frequently encountered and costly causes of diseases and one of the major causes of
morbidity and mortality especially in developing countries (El-Ghany et al., 2005). Localiz‐
ing and distinguishing the “infection foci” in body sites are very important and life saving
processes. The identification of an infection at early stage of disease is critical for a favorable
outcome. The diagnosis of deep seated infections such as osteomyelitis, endocarditis and in‐
tra-abdominal abscesses is still a challenging problem. Although imaging techniques such as
x-ray, computerized tomography (CT-scan), magnetic resonance imaging (MRI) and ultraso‐
nography (US) might be helpful, but none of these techniques are specific for infection diag‐
nosis because of their limitations due to insignificant anatomical changes in the early stages
of the infection process. In addition, these techniques are not capable of differentiating be‐
tween inflammatory and infectious processes. In contrast, nuclear medicine procedures can
determine the location and the degree of disease activity in infectious processes based on
physiologic and/or metabolic changes that are associated with these diseases rather than
gross changes in the structure (Hall et al., 1998). This method requires a reliable radiophar‐
maceutical that can selectively concentrate in sites of infection. Various 99mTc-labeled com‐
pounds have been developed for the scintigraphic detection of infection and sterile
inflammation in humans. Unfortunately, these radiopharmaceuticals do not discriminate be‐
tween infection and sterile inflammatory process, which is often of clinical importance
(Welling et al., 2001). In recent years, the development of radiolabeled antimicrobial agents
for specific diagnosis of infection has received considerable attention, sparking a lively de‐
bate about the infection specificity of these radiopharmaceuticals (Oyen et al., 2005). Direct

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



[23] Kass, M, Witkin, A, & Terzopoulos, D. Snakes: Active contour models. International
Journal of Computer Vision. (1988). , 1(4)

[24] Allin, S, Galeotti, J, Stetten, G, & Dailey, S. H. Enhanced snake based segmentation of
vocal folds. In proc. ISBI 2004. 812- 815 (2004). , 1

[25] Cavalcanti, N, Silva, S, Bresolin, A, Bezerra, H, & Guerreiro, A. Comparative analysis
between wavelets for the identification of pathological voices. Proceedings of the 15th

Iberoamerican congress conference on Progress in pattern recognition, image analysis, com‐
puter vision, and applications. Sao Paulo. Brasil. (2010).

[26] Rees, J. M, Regunath, G, Whiteside, S. P, Wadnerkar, M. B, Cowell, P. E, et al. Adap‐
tation of Wavelet Transform analysis to the investigation of biological variations in
speech signals. Medical Engineering & Physics, 30 (7), 865-871. (2008).

[27] Ertürk, S. Real-Time Digital Image Stabilization Using Kalman Filters. Real-Time
Imaging, 8 (4), 317-328. (2002).

[28] Di, M, Joo, E. M, & Beng, L. H. A comprehensive study of Kalman filter and extended
Kalman filter for target tracking in Wireless Sensor Networks. Proceedings of Interna‐
tional Conference on System, Man and Cibernetics. (2008). , 2792-2797.

[29] Goffredo, M, Schmid, M, Conforto, S, & Alessio, D. T. A markerless sub-pixel motion
estimation technique to reconstruct kinematics and estimate the centre of mass in
posturography”. Medical Engineering & Physics, 28 (7), 719-726. (2006).

Medical Imaging in Clinical Practice192

Chapter 9

Infectious Foci Imaging with Targeting
Radiopharmaceuticals in Nuclear Medicine

Mojtaba Salouti and Akram Fazli

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52882

1. Introduction

Despite the advances in public health during the 18th and 19th centuries and the introduc‐
tion of immunization and antibiotics in the 20th century, bacterial infection is among the
most frequently encountered and costly causes of diseases and one of the major causes of
morbidity and mortality especially in developing countries (El-Ghany et al., 2005). Localiz‐
ing and distinguishing the “infection foci” in body sites are very important and life saving
processes. The identification of an infection at early stage of disease is critical for a favorable
outcome. The diagnosis of deep seated infections such as osteomyelitis, endocarditis and in‐
tra-abdominal abscesses is still a challenging problem. Although imaging techniques such as
x-ray, computerized tomography (CT-scan), magnetic resonance imaging (MRI) and ultraso‐
nography (US) might be helpful, but none of these techniques are specific for infection diag‐
nosis because of their limitations due to insignificant anatomical changes in the early stages
of the infection process. In addition, these techniques are not capable of differentiating be‐
tween inflammatory and infectious processes. In contrast, nuclear medicine procedures can
determine the location and the degree of disease activity in infectious processes based on
physiologic and/or metabolic changes that are associated with these diseases rather than
gross changes in the structure (Hall et al., 1998). This method requires a reliable radiophar‐
maceutical that can selectively concentrate in sites of infection. Various 99mTc-labeled com‐
pounds have been developed for the scintigraphic detection of infection and sterile
inflammation in humans. Unfortunately, these radiopharmaceuticals do not discriminate be‐
tween infection and sterile inflammatory process, which is often of clinical importance
(Welling et al., 2001). In recent years, the development of radiolabeled antimicrobial agents
for specific diagnosis of infection has received considerable attention, sparking a lively de‐
bate about the infection specificity of these radiopharmaceuticals (Oyen et al., 2005). Direct

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



targeting of the locally present microorganisms is a new approach for improving the selec‐
tivity of radiopharmaceuticals for infection detection in nuclear medicine (Kyprianidou et
al., 2011). The use of radiolabeled antibiotics and antimicrobial peptides are fast emerging as
promising targeted diagnostic tests for detection of infective lesions because of their specific
binding to the bacterial component. These targeting molecules reliably locate sites of infec‐
tion and make a differential diagnosis between infection and sterile inflammation. In this
chapter, the new approaches to scintigraphic imaging of infection and inflammation by radi‐
olabeled antibiotics and antimicrobial peptides are thoroughly discussed in order to assess
their diagnostic value as targeting imaging radiopharmaceuticals.

2. Inflammation and infection

Inflammation and infection are different processes. Inflammation is merely a nonspecific im‐
mune response-one which does not require the presence of microorganisms to occur. In‐
flammation can occur from trauma, ischemia, neoplasm, autoimmune attack or invasion by
microorganisms (Petruzzi et al., 2009). Infection can be considered as a special subcategory
of inflammatory disease, i.e. an inflammatory reaction of the host in response to invasion by
microorganisms (Oyen et al., 2005). All inflammatory processes develop along a known se‐
quence: locally increased blood supply, leakage of a fluid, small molecules and proteins and
infiltration of cells (Rennen et al., 2002). In response to tissue damage, powerful defense
mechanisms are activated, consisting of leukocytes and plasma proteins. Furthermore, a
complex of variety of chemical mediators is involved. The migration of leukocytes from the
blood stream is facilitated by chemical mediators which up regulated the expression of ad‐
hesion molecules on endothelial cells and leukocytes. This process starts within minutes
from the injury and resolves in hours or days. It causes the classical symptoms of acute in‐
flammation; rubor (redness), calor (warmth), tumor (edema), dolor (pain) and fastio laesa
(impaired function) (Bleeker-Rovers, 2004). The ability to identify focal sites of infection in
patients who do not present with localizing symptoms is a key step in delivering appropri‐
ate medical treatment. This is particularly critical in immune compromised patients, since
signs and symptoms of infection may be minimized in patients with neutropenia (Babich &
Fischman, 1999). There are several reasons why imaging of infection and inflammation and
distinguishing between them becomes increasingly important in the next decade. The popu‐
lation is ageing; the application of implants and transplants is increasing. The number of im‐
mune compromised patients is growing, mainly because of frequent use of
chemotherapeutic agents leading to neutropenia. Furthermore, the increased use of antibiot‐
ics leads to insensitivity for some of these pharmaceuticals (Larverman et al., 2008).

3. Types of infection

The most common infections are: (1) Pneumocystis carinii pneumonia (PCP) which, the large
number of patients receiving chemotherapy or harboring the HIV (human immunodeficien‐
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cy virus) are susceptible to opportunistic infection, (2) protozoal infections include cryto‐
sporidiosis and toxoplasmosis (abscess, encephalitis), (3) viral infections include
cytomegalovirus (retinitis, adrenalitis, lung, neurological, disseminated) and herpes viruses
(simplex and zoster), (4) fungal infections include Cryptococcos neoformans (meningitis, pneu‐
monitis, disseminated) and (5) bacterial infections (specially Stereptococcos and Haemophilus)
are being seen more frequently in children and intravenously drug users. Other bacterial in‐
fections include Listera monocytogenes, Salmonella, Nocardia and Mycobacteria both toberclusis
and avium intracellular (Roohi, 2006).

Infections can also be classified according to the type of pathogens including: (1) opportun‐
istic infections: infections caused by microbes belonging to the normal host flora and that in‐
itiate an infective process consequently to environmental changes, antimicrobial treatment,
traumas and injuries, the reduction of the host immune defenses, or the migration to a new
body-compartment, (2) exogenous infections: caused by pathogen organisms, which do not
belong to the normal flora but are transmitted to healthy hosts from a contaminated envi‐
ronment (food and water) or from infected carriers (humans or animals). The main routes of
transmission of exogenous pathogens from an infected carrier are the air and aerosol, sexual
intercourse, blood transfusions or animal bites. Exogenous infections can be classified ac‐
cording to the site of acquirement in: (1) community-acquired infections: when the transmis‐
sion occurs within the community, (2) healthcare-acquired infections: when the pathogen is
transmitted within a hospital or a health-care institution; Finally, iatrogenic infections are
those developed consequently to a medical procedure such as pharmaceutical treatment or
surgery, and could be caused either by endogenous or exogenous pathogens (Baldoni, 2009).

4. Infection diagnosis techniques

The identification of infection at early stage of the disease is critical for a favorable outcome.
Conventional methods of diagnosis, relying on examination and culture of organisms from
infected foci have continued to advance embracing new technologies and automation. De‐
spite this, these methods are still time consuming, insensitive and the results often obtain
too late to guide clinical decision making (Wareham et al., 2005). Clinicians usually use a va‐
riety of laboratory tests, clinical and radiological tests, to aid diagnosis and make a decision
(Yurt Lambrecht et al., 2008a).

4.1. Laboratory tests

Many current laboratory tests used to guide the diagnostic process rely on factors in the in‐
flammatory response: erythrocyte sedimentation rate, white-blood cell count, acute-phase
proteins and cytokines, but the tests are not specific enough to discriminate between infec‐
tion and inflammation. New techniques, especially within immunology and molecular biol‐
ogy, are yielding new insights into the discrimination of infection and inflammation (Yurt
Lambrecht et al., 2008b).
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4.2. Imaging techniques

Imaging techniques can be classified as either structural or functional. Structural imaging
procedures are used to evaluate macroscopic morphological changes and implant loosening.
Differently, functional imaging procedures aim to visualize the specific accumulation of an
injected gamma-emitter radiotracer at the site of infection (Baldoni, 2009). Structural imag‐
ing methods like x-ray, US, CT-scan and MRI are based on important anatomic alterations
and the possibility of a precocious diagnosis is limited. These are not the best of methods for
the localization of infection at early stages (Diniz et al., 2005). These procedures detect the
morphologic alterations of the tissues after significant process has taken place in the infec‐
tive site leading to abscess formation (Motaleb, 2007a). The results of these techniques are
unsatisfactory in the early stages of the diseases (Shah & Khan, 2011a), while nuclear medi‐
cine images are functional and can therefore identify the infection at the early stages (Mora
et al., 2010).

4.2.1. X-ray

X-ray provides a powerful tool in medicine for mapping internal structures of the human
body. Relatively inexpensive and readily available, radiographs should routinely be the ini‐
tial imaging procedure performed in all patients suspected of having musculoskeletal infec‐
tion. But, the earliest radiographic changes of osteomyelitis are soft-tissue swelling and
blurring of adjacent fat planes, which may take several days to become apparent after the
onset of infection. Approximately 10 days after the onset of infection, radiographs may dem‐
onstrate lysis of medullary trabeculae, focal loss of cortex, and periosteal reaction The sensi‐
tivity of plain radiography ranges from 43% to 75%, and the specificity from 75% to 83%.
Though helpful when positive, a negative study does not exclude osteomyelitis (Palestro et
al., 2006). Despite its limitations, radiographs remain the best initial examination in cases of
symptomatic postoperative patients and may depict findings associated with postoperative
infection (Peterson, 2006).

4.2.2. Ultrasonography

Musculoskeletal tissues are, for the most part, accessible to examination by ultrasound, al‐
lowing its deployment as a first-line investigation in a wide range of musculoskeletal infec‐
tions. In addition, ultrasound is noninvasive, portable, and versatile. Further, it does not use
ionizing radiation, and it is relatively lower in cost. However, ultrasound images have a ma‐
jor disadvantage: poor quality because of multiplicative speckle noise that results in arti‐
facts. Segmentation of lesions in ultrasound images is therefore a challenging task that
remains an open problem despite many past research efforts (Yap et al., 2008). On the other
hand, ultrasonography is very commonly used during the initial work-ups of children with
urinary tract infection (UTI) because it gives a rapid anatomical overview of the kidneys, es‐
pecially with regard to the dilatation of the collecting system (Wu et al., 2003). The disad‐
vantages are that the results are highly operator-dependent, penetration and reflection of
the sound waves in tissue may be hindered by gas (bowel) or dense structures (bone), and
structures deep within the body may be difficult to visualize because the image quality suf‐
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fers from the longer wavelengths used for deep imaging (Gotthardt et al., 2010). UItrasonog‐
raphy is useful technique for diagnosing and localizing fluid collections, but it often cannot
determine whether a particular fluid collection is infected or not (Fortner et al., 1986).

4.2.3. Computed Tomography (CT)

CT-scan is an x-ray imaging technique that produces three dimensions (3D) images of an ob‐
ject by using a series of two-dimensional (2D) set of images data to mathematically reconstruct
a cross-section of it. CT is unique because it provides imaging of a combination of soft tissues,
bone and vessels, and many studies have confirmed CT to be a valid complement to conven‐
tional imaging methods (Cotti & Campisi, 2004). CT is highly reproducible, has an excellent
spatial resolution, and although more expensive than ultrasonography, is still relatively inex‐
pensive. The disadvantages are exposure of the patient to radiation and lack of functional in‐
formation (Gotthardt, 2010). It is also limited by a lack of specificity of many of the imaging
findings that are noted in the setting of infection or inflammation (Kumar et al., 2008).

4.2.4. Magnetic Resonance Imaging (MRI)

While MRI provides very high resolution (up to 10 μm) and unlimited depth of penetration,
it is, however, limited by low sensitivity, with detectabilities in the milli to micromolar (10-3

to 10-6) range. Therefore, amplification techniques are often needed to image molecular proc‐
esses in vivo (Bonekamp et al., 2010). Advantages of MRI are the superb anatomic details it
reveals (including the ability to evaluate both bone and adjacent soft tissue), its lack of ioniz‐
ing radiation, and its rapid completion. Disadvantages of MRI are occasional inability to dis‐
tinguish infectious from reactive inflammation, and difficulty in imaging sites with metallic
instrumentation such as joint prostheses (Palestro et al., 2006). It is also limited by a lack of
specificity of many of the imaging findings that are noted in the setting of infection or in‐
flammation (Kumar et al., 2008). Because of the long imaging times and the considerable ex‐
posure to noise, MRI is not convenient for patients. Furthermore, there are limitations to the
scanning of patients with pacemakers, implants, and other devices, and the procedure is rel‐
atively expensive (Gotthardt et al., 2010).

5. Nuclear medicine

Nuclear medicine is a highly multi-disciplinary specialty that develops and uses instrumen‐
tation and radiopharmaceuticals to study physiological processes and non-invasively diag‐
nose, treat and identifying the staging of a disease (Hricak, 2007). The radiopharmaceuticals
are molecular and cellular structures labeled with a specific radionuclide and are applied to
patients after appropriate quality control (Bernardo-Filho et al., 2008). A radiopharmaceuti‐
cal is usually made up of two components: a basic substance for localization in a desired tis‐
sue or organ, and a radionuclide for tagging to the basic substance to emit the gamma rays
that can be detected and imaged with a gamma camera. The efficacy of the radiopharma‐
ceutical is therefore determined by these components (Korkmaz & Ozer., 2006). Radiophar‐
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maceuticals localize in inflamed or infected tissue in the body. The radiopharmaceuticals
emit gamma rays that can be detected and imaged when a patient is placed in a gamma
camera (Truluck, 2007). Radionuclide emission-based nuclear medicine modality is a nonin‐
vasive technique, which is a quick, sensitive, and specific method to detect as well as locate
the lesion at any anatomical site at early stage of the disease (Singh & Bhatnagar, 2010).

5.1. Advantages of nuclear medicine technique

Nuclear medicine has an important role in adding the diagnosis of particularly deep seated
infections such as abscesses, osteomylitis, septic arthritis, endocarditis and infections of
prosthetic devices (Das et al., 2002). It provides information on pathophysiological and path‐
obiochemical processes. In this respect it differs from other current imaging procedures such
as x-ray, CT and MRI, which supply information with high resolution on the morphological
changes that occur in a specific disease. In addition, nuclear medicine technique permits
whole-body imaging, whereas CT and MRI routinely focus on just a part of the body (Becker
& Meller, 2001). Nuclear medical imaging has an important role in discriminating infections
from inflammation. Inflammatory processes can be visualized in their early phases, when
anatomical changes are not yet apparent (Yurt Lambrecht et al., 2008a). The early detection
of the infectious focus by radionuclide imaging helps both patient and physician to reduce
the cost and the length of hospitalization (El-Ghany et al., 2005).

5.2. Current radionuclides for infection imaging

The radionuclide is a substance which continuously emits the radiation. Generally this radi‐
ation consists of alpha-rays, beta-rays and gamma-rays (Patei Riddhi et al., 2011). Radio‐
pharmaceuticals can be labeled with various radionuclides such as 67Ga, 99mTc, 111In, 18F, 131I,
etc. (Oyen et al., 2001). Technetium-99m is one of the most desirable radionuclides that is
used in clinical nuclear medicine, due to the emission of gamma ray of optimal energy (140
keV), a suitable half-life (6 h), availability from 99Mo-99mTc generator systems and low cost
(Arano, 2002, & Oyen et al., 2001).

5.3. Imaging systems in nuclear medicine for infection diagnosis

Gamma camera, single photon emission tomography (SPECT) and positron emission tomog‐
raphy (PET) are current imaging systems in nuclear medicine for infection diagnosis.

5.3.1. Gamma camera

In nuclear medicine, the most common imaging systems are general-purpose systems,
which allow a wide variety of morphological and physiological studies. While dedicated x-
ray equipments for specific examinations are largely found in diagnostic radiology, this is
not the case for nuclear medicine, where general purpose gamma cameras are commonly
used (Sanchez et al., 2004). Tools like portable gamma cameras make it possible to quickly
and simply perform the gamma mapping of an area to be processed, with the advantage of
remote measurements of hot spots, not necessarily on contact. However, the use of such
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cameras on site sometimes comes up against an insufficient sensitivity or space resolution,
or against their excessive bulk (Gal et al., 2006).

5.3.2. Single photon emission tomography

Single photon emission computed tomography (SPECT) is a functional and molecular imag‐
ing modality, which is being used clinically to localize targets prior to biopsy and surgery
(Roper et al., 2012). SPECT shows function by means of a three dimensional activity distri‐
bution of a radioactive tracer, which was injected prior to the measurement (Changizi et al.,
2008). The principal values of SPECT are, as the result of the disposability of numerous sin‐
gle-photon radiopharmaceuticals, its broad clinical availability and its versatility for the ev‐
eryday management of patients affected by several different conditions. Moreover, it is able
to increase contrast and to allow better delineation of pathologies than planar imaging.
However, the main limitation of SPECT imaging is its poor anatomical information; in fact,
it yields essentially functional or molecular information that therefore are very suitable to be
integrated with imaging modalities such as CT or magnetic resonance imaging (MRI), which
provide morphological details (Schillaci et al., 2007). The hybrid SPECT/CT system delivers
the high sensitivity of scinitigraphic technology with the high specificity of CT. This reduces
the disadvantage of the SPECT’s low spatial resolution (Bruni et al., 2008).

5.3.3. Positron emission tomography

Positron emission tomography is an improving technology and it is a promising field for the
diagnosis of the diseases in relatively early stages. β+ emitting radioactive isotopes are used
in PET imaging (Silindir & Ozer, 2008). The most commonly used PET radionuclides are 11C
(half-life ≈ 20 min) and 18F (half-life ≈110 min) (Bonekamp et al., 2010). FDG (flourodeoxyglo‐
cose) has proven to be an excellent tracer to detect inflammation in the setting of either in‐
fectious or noninfectious processes. The potential of FDG-PET for detecting inflammatory
processes in disorders such as regional ileitis, sarcoidosis, rheumatologic disease, and vascu‐
litis and any other disorders is also vast (Alavi et al., 2004). The major shortcomings of this
modality include (1) limited availability in most parts of the world, (2) relatively high cost,
and (3) difficulty in differentiating malignant tissue from infection or inflammation, al‐
though delayed imaging and dual-time-point PET is of considerable help in this regard (Ba‐
su et al., 2009). A newer technique that has recently gained favor in clinical use is PET-CT
imaging for the rapid detection and localization of occult infection (Petruzzi et al., 2009).

6. Conventional nuclear medicine techniques for infection/inflammation
imaging

Conventional nuclear medicine techniques make the use of the following radiopharmaceuti‐
cals for infection/inflammation imaging: 67Ga-citrate, 99mTc or 111In-labeled leukocytes, 99mTc-
labeled granulocyte antibodies, radiolabeled chemotactic peptides, 99mTc or 111In-labeled
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obiochemical processes. In this respect it differs from other current imaging procedures such
as x-ray, CT and MRI, which supply information with high resolution on the morphological
changes that occur in a specific disease. In addition, nuclear medicine technique permits
whole-body imaging, whereas CT and MRI routinely focus on just a part of the body (Becker
& Meller, 2001). Nuclear medical imaging has an important role in discriminating infections
from inflammation. Inflammatory processes can be visualized in their early phases, when
anatomical changes are not yet apparent (Yurt Lambrecht et al., 2008a). The early detection
of the infectious focus by radionuclide imaging helps both patient and physician to reduce
the cost and the length of hospitalization (El-Ghany et al., 2005).

5.2. Current radionuclides for infection imaging

The radionuclide is a substance which continuously emits the radiation. Generally this radi‐
ation consists of alpha-rays, beta-rays and gamma-rays (Patei Riddhi et al., 2011). Radio‐
pharmaceuticals can be labeled with various radionuclides such as 67Ga, 99mTc, 111In, 18F, 131I,
etc. (Oyen et al., 2001). Technetium-99m is one of the most desirable radionuclides that is
used in clinical nuclear medicine, due to the emission of gamma ray of optimal energy (140
keV), a suitable half-life (6 h), availability from 99Mo-99mTc generator systems and low cost
(Arano, 2002, & Oyen et al., 2001).

5.3. Imaging systems in nuclear medicine for infection diagnosis

Gamma camera, single photon emission tomography (SPECT) and positron emission tomog‐
raphy (PET) are current imaging systems in nuclear medicine for infection diagnosis.

5.3.1. Gamma camera

In nuclear medicine, the most common imaging systems are general-purpose systems,
which allow a wide variety of morphological and physiological studies. While dedicated x-
ray equipments for specific examinations are largely found in diagnostic radiology, this is
not the case for nuclear medicine, where general purpose gamma cameras are commonly
used (Sanchez et al., 2004). Tools like portable gamma cameras make it possible to quickly
and simply perform the gamma mapping of an area to be processed, with the advantage of
remote measurements of hot spots, not necessarily on contact. However, the use of such
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cameras on site sometimes comes up against an insufficient sensitivity or space resolution,
or against their excessive bulk (Gal et al., 2006).

5.3.2. Single photon emission tomography

Single photon emission computed tomography (SPECT) is a functional and molecular imag‐
ing modality, which is being used clinically to localize targets prior to biopsy and surgery
(Roper et al., 2012). SPECT shows function by means of a three dimensional activity distri‐
bution of a radioactive tracer, which was injected prior to the measurement (Changizi et al.,
2008). The principal values of SPECT are, as the result of the disposability of numerous sin‐
gle-photon radiopharmaceuticals, its broad clinical availability and its versatility for the ev‐
eryday management of patients affected by several different conditions. Moreover, it is able
to increase contrast and to allow better delineation of pathologies than planar imaging.
However, the main limitation of SPECT imaging is its poor anatomical information; in fact,
it yields essentially functional or molecular information that therefore are very suitable to be
integrated with imaging modalities such as CT or magnetic resonance imaging (MRI), which
provide morphological details (Schillaci et al., 2007). The hybrid SPECT/CT system delivers
the high sensitivity of scinitigraphic technology with the high specificity of CT. This reduces
the disadvantage of the SPECT’s low spatial resolution (Bruni et al., 2008).

5.3.3. Positron emission tomography

Positron emission tomography is an improving technology and it is a promising field for the
diagnosis of the diseases in relatively early stages. β+ emitting radioactive isotopes are used
in PET imaging (Silindir & Ozer, 2008). The most commonly used PET radionuclides are 11C
(half-life ≈ 20 min) and 18F (half-life ≈110 min) (Bonekamp et al., 2010). FDG (flourodeoxyglo‐
cose) has proven to be an excellent tracer to detect inflammation in the setting of either in‐
fectious or noninfectious processes. The potential of FDG-PET for detecting inflammatory
processes in disorders such as regional ileitis, sarcoidosis, rheumatologic disease, and vascu‐
litis and any other disorders is also vast (Alavi et al., 2004). The major shortcomings of this
modality include (1) limited availability in most parts of the world, (2) relatively high cost,
and (3) difficulty in differentiating malignant tissue from infection or inflammation, al‐
though delayed imaging and dual-time-point PET is of considerable help in this regard (Ba‐
su et al., 2009). A newer technique that has recently gained favor in clinical use is PET-CT
imaging for the rapid detection and localization of occult infection (Petruzzi et al., 2009).

6. Conventional nuclear medicine techniques for infection/inflammation
imaging

Conventional nuclear medicine techniques make the use of the following radiopharmaceuti‐
cals for infection/inflammation imaging: 67Ga-citrate, 99mTc or 111In-labeled leukocytes, 99mTc-
labeled granulocyte antibodies, radiolabeled chemotactic peptides, 99mTc or 111In-labeled
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human immunoglobulin (HIG), 99mTc-nanocolloids, radiolabeled liposomes, cytokines,
streptavidin-biotin and 18F-flourodeoxyglocose (18F-FDG).

6.1. 67Ga-citrate

Gallium-67 (67Ga) citrate has been used for detecting infection and inflammation ever since
its discovery in 1971 (Kuo et al., 2002). Gallium-67 is a bioisoester of ferric iron with physical
half-life of 3.3 days (78 hr) and biologic half-life of 2-3 weeks that binds to serum via trans‐
ferrin, haptoglobin, albumin and globulins. Gallium attaches to tissues mediated by lactofer‐
rin, as well as lymphocytes and macrophages (Jallilian et al., 2009). Gallium citrate is a
radiopharmaceutical used for the detection and staging of some cancers and for identifying
inflammation and infection. In the second category, typical indications for 67Ga scanning in‐
clude sarcoidosis, pneumonia, pyelonephritis, fibrosis, AIDS-related inflammations, osteo‐
myelitis, and fevers of unknown origin (Truluck, 2007). However, this radiopharmaceutical
has long physical half-life and high energy gamma radiations, which are unfavourable char‐
acteristics for gamma camera imaging and cause high radiation absorbed dose in the pa‐
tients (Malviya et al., 2007). The specificity of the technique is low, due to physiologic al
bowel excretion and accumulation in malignant tissues and areas of bone modeling (Rennen
et al., 2002).

6.2. 99mTc- or 111In-labeled leukocytes

Since the 1970s, scintigraphic imaging with labeled white blood cells has been the most fre‐
quently used nuclear imaging method for clinical diagnosis of infection and inflammation
worldwide. The success of white blood cell scintigraphy is primarily due to its superb diag‐
nostic accuracy (Signore et al., 2009). Of many radioisotopes used to label leucocytes, Indi‐
um-l11 tropolonate (111In) and Technetium-99m hexamethyl propylene amine oxime (99mTc
HMPAO) are the most widely used (Giaffer, 1996). The principal clinical indications for ra‐
diolabeled leukocytes include inflammatory bowel disease, osteomyelitis, follow-up of pa‐
tients with infections of vascular or orthopedic prostheses and soft tissue infections. There
has always been concern that chronic infections could be missed using radiolabeled leuko‐
cytes, because these infections generate a smaller granulocyte response compared to acute
infections (Larverman et al., 2008). Radiolabeled white blood cell (WBC) scintigraphy, ena‐
bles detection of areas of general inflammation but cannot be used to distinguish between
bacterial and nonbacterial inflammatory processes (Sonmezoglou et al., 2001). Although, the
radiolabeled leucocytes can be considered as ‘‘gold standard’’ that can visualize a majority
of infectious and inflammatory lesions, but it is labor-intensive and the in vitro labeling car‐
ries risks of handling potentially contaminated blood and also requires specialized equip‐
ment, taking approximately three hours (Mirshojaei et al., 2011).

6.3. 99mTc-labeled granulocyte antibodies

Ever since it became clear that labeled leukocytes could visualise infectious foci, investiga‐
tors have been developing a method that could label leukocytes in vivo (Larikka, 2003). For
in vivo labeling, immunoscintigraphy with 99mTc labeled monoclonal anti-granulocyte anti‐
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bodies (AGAb) is used (Gyork et al., 2000). The accumulation mechanism involves nonspe‐
cific related uptake of free antibody because of an increased capillary permeability at the
focus, with subsequent binding to granulocytes (Lyra et al., 1998). The first approach regard‐
ing in vivo labeling was the murine IgG1k antibody BW 250/183 (99mTc-besilesomab, Scinti‐
mun®) which recognized the nonspecific cross reacting antigen 95 (NCA-95; also referred to
as CD66b and CEACAM8) in the cytoplasm and on the cell membranes of granulocytes and
granulocyte precursor cells (Ritcher et al., 2011). Three antigranulocyte antibodies have been
tested for infection imaging: anti-NCA-95 immunoglobulin G (IgG) (BW250/183), anti-
NCA-90 Fab (Immu-MN3, Leukoscan: anti-CD66), and anti-CD15 (LeuTech). Each of these
antigranulocyte antibodies labeled with 99mTc were determined to accurately delineate infec‐
tion and inflammation. None of these compounds, however, were specific for infection only
(Petruzzi et al., 2009). Fanolesomab is a monoclonal murine M class immunoglobulin that
binds to CD15 receptors present on leukocytes. Antibody fragments are appealing because,
unlike the whole antibody, they do not induce a human antimouse antibodies (HAMA) re‐
sponse. Sulesomab is a murine monoclonal antibody fragment of the IgG1 class that binds to
normal cross-reactive antigen-90 present on leukocytes (Palestro & Love, 2009). Disadvan‐
tages of the use of monoclonal antibodies, however, are the high molecular weight, resulting
in slow diffusion into sites of inflammation, a long plasma half life and uptake in the liver
due to clearance by the reticulo-endothelial system. Use of monoclonal antibodies of murine
origin sometimes induces generation of HAMA, which can lead to allergic reactions and al‐
tered pharmacokinetics when repeated injections are given. This is, of course, a major limita‐
tion for follow-up studies (Larverman et al., 2008). Some radiolabeled mAbs (such as anti-E-
selectin and anti-CD4) demonstrated their excellent capability for the localization of
inflammatory regions, but lack of their use for the therapeutic purposes, thus limiting their
further development and (Malviya et al., 2011).

6.4. 99mTc- or 111In-labeled chemotactic peptides

Radiolabeled chemotactic peptides are promising tools for the imaging of inflammation and
infection. Chemotactic peptides are naturally released by bacteria and initiate leukocyte che‐
motaxis by binding to high-affinity receptors on the white blood cell membrane. These re‐
ceptors are present on polymorphonuclear neutrophils and monocytes (Hartwig et al., 1999).
The tripeptide, formyl-methionyl-leucyl phenylalanine (f-MLF), is a bacterial product which
the initial studies for the design of infection imaging agents focused on the conjugation of f-
MLF peptide analogs with the cyclic anhydride of DTPA and radiolabeling with 111In (Ba‐
bich et al., 2000). The results of radiolabeling of four DTPA derivatized chemotactic peptides
analogs established that they are effective agents for imaging sites of infection (Fischman et
al., 1991). Small radiolabeled synthetic peptides are currently preferred over proteins and
antibodies for imaging applications, since they present several distinct advantages over
these biomolecules. Small peptides can be readily synthesized chemically. They can with‐
stand harsher chemical conditions for modification or radiolabeling. They are less likely to
induce an immunogenic response. Their plasma clearance is more rapid, yet they often
reach a high concentration in the target tissues (Okarvi, 2001). Although 111In and 99mTc-la‐
beled chemotactic peptides accumulate at sites of infection with high target-to-background
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um-l11 tropolonate (111In) and Technetium-99m hexamethyl propylene amine oxime (99mTc
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cytes, because these infections generate a smaller granulocyte response compared to acute
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bles detection of areas of general inflammation but cannot be used to distinguish between
bacterial and nonbacterial inflammatory processes (Sonmezoglou et al., 2001). Although, the
radiolabeled leucocytes can be considered as ‘‘gold standard’’ that can visualize a majority
of infectious and inflammatory lesions, but it is labor-intensive and the in vitro labeling car‐
ries risks of handling potentially contaminated blood and also requires specialized equip‐
ment, taking approximately three hours (Mirshojaei et al., 2011).
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tors have been developing a method that could label leukocytes in vivo (Larikka, 2003). For
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bodies (AGAb) is used (Gyork et al., 2000). The accumulation mechanism involves nonspe‐
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ing in vivo labeling was the murine IgG1k antibody BW 250/183 (99mTc-besilesomab, Scinti‐
mun®) which recognized the nonspecific cross reacting antigen 95 (NCA-95; also referred to
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antigranulocyte antibodies labeled with 99mTc were determined to accurately delineate infec‐
tion and inflammation. None of these compounds, however, were specific for infection only
(Petruzzi et al., 2009). Fanolesomab is a monoclonal murine M class immunoglobulin that
binds to CD15 receptors present on leukocytes. Antibody fragments are appealing because,
unlike the whole antibody, they do not induce a human antimouse antibodies (HAMA) re‐
sponse. Sulesomab is a murine monoclonal antibody fragment of the IgG1 class that binds to
normal cross-reactive antigen-90 present on leukocytes (Palestro & Love, 2009). Disadvan‐
tages of the use of monoclonal antibodies, however, are the high molecular weight, resulting
in slow diffusion into sites of inflammation, a long plasma half life and uptake in the liver
due to clearance by the reticulo-endothelial system. Use of monoclonal antibodies of murine
origin sometimes induces generation of HAMA, which can lead to allergic reactions and al‐
tered pharmacokinetics when repeated injections are given. This is, of course, a major limita‐
tion for follow-up studies (Larverman et al., 2008). Some radiolabeled mAbs (such as anti-E-
selectin and anti-CD4) demonstrated their excellent capability for the localization of
inflammatory regions, but lack of their use for the therapeutic purposes, thus limiting their
further development and (Malviya et al., 2011).
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Radiolabeled chemotactic peptides are promising tools for the imaging of inflammation and
infection. Chemotactic peptides are naturally released by bacteria and initiate leukocyte che‐
motaxis by binding to high-affinity receptors on the white blood cell membrane. These re‐
ceptors are present on polymorphonuclear neutrophils and monocytes (Hartwig et al., 1999).
The tripeptide, formyl-methionyl-leucyl phenylalanine (f-MLF), is a bacterial product which
the initial studies for the design of infection imaging agents focused on the conjugation of f-
MLF peptide analogs with the cyclic anhydride of DTPA and radiolabeling with 111In (Ba‐
bich et al., 2000). The results of radiolabeling of four DTPA derivatized chemotactic peptides
analogs established that they are effective agents for imaging sites of infection (Fischman et
al., 1991). Small radiolabeled synthetic peptides are currently preferred over proteins and
antibodies for imaging applications, since they present several distinct advantages over
these biomolecules. Small peptides can be readily synthesized chemically. They can with‐
stand harsher chemical conditions for modification or radiolabeling. They are less likely to
induce an immunogenic response. Their plasma clearance is more rapid, yet they often
reach a high concentration in the target tissues (Okarvi, 2001). Although 111In and 99mTc-la‐
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ratios, receptor specificity has not been completely established and a significant amount of
localization could be due to nonspecific processes, such as increased tissue permeability,
blood pool or blood flow characteristics of inflammatory lesions, or characteristics of the
peptides that are not related to For-MLF receptor binding (Babich et al., 1997). However,
their development as radiopharmaceuticals has been curtailed because they cause signifi‐
cant leucopenia at physiological concentration (Das et al., 2002).

6.5. 99mTc- or 111In-labeled Human Immunoglobulin (HIG)

Investigations with monoclonal antibodies by the research group of Rubin et al. led to the
discovery of the usefulness of In-IgG scintigraphy for imaging infectious and inflammatory
foci (Oyen et al., 1992). Nonspecific polyclonal human immunoglobulins have been shown
to localize to sites of infection/inflammation by extravasations from the bloodstream due to
the induced local hyperemia and this agent is, thus, nonspecific for infection (Petruzzi et al.,
2009). 111In or 99mTc-labeled HIG has been extensively tested in a large number of clinical
studies. It has shown excellent performance in the localization of musculoskeletal infection
and inflammation, in pulmonary infection, particularly in immunocompromised patients
and abdominal Inflammation. Poor sensitivity of radiolabeled HIG is found in the diagnosis
of endocarditis and vascular lesions in general, due to long lasting high levels of circulating
activity. A general limitation is the long time span between injection and final diagnosis
(24-48 h) (Rennen et al., 2002).

6.6. 99mTc-nanocolloids

Nanocolloids are colloids of human serum albumin (HAS) less than 50 nm in size, which lo‐
calize at sites of inflammatory foci through increased capillary permeability (Das et al.,
2002). Nanocolloids are good carriers for drugs or radionuclides, the latter can be used for
diagnosis or for therapy. Radiolabeled nanocolloids have been widely used in diagnostic
nuclear medicine (Lin et al., 2003). Uptake of the tracer is presumably caused by extravasa‐
tion through the capillary basement membrane, followed by phagocytosis or adsorption of
the particles by granulocytes and macrophages (Palestro & Love, 2009). 99mTc labeled nano‐
colloids have been most commonly used for marrow and lymphatic imaging and for patient
with musculoskeletal infection. The greatest disadvantage is their inability to image infec‐
tions outside the musculoskeletal system and, as with most of the currently available radio‐
pharmaceuticals, distinguishing infection from inflammation (Das et al., 2002).

6.7. Radiolabeled liposomes

Liposomes are small vesicles consisting of one or more concentric lipid bilayers enclosing
discrete aqueous spaces. Liposomes are formed spontaneously when (phospho) lipids are
suspended in aqueous media (Larverman et al., 1999). Liposomes have been extensively
used as potential delivery systems for a variety of compounds primarily due to their high
degree of biocompatibility and the enormous diversity of structures and compositions (Mu‐
famadi et al., 2011). A formulation of liposomes, which is capable of being labeled by both
99mTc and 111In, simultaneously would have many advantages. This formulation would ena‐
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ble the acquisition of good early images in the 99mTc window of the gamma camera and ac‐
ceptable delayed images in the 111In window (Awasthi et al., 1998). Preliminary studies have
shown uptake in sterile and non sterile inflammation (Turpin & Lambert, 2001). Liposomes
continue to be very promising carriers for delivery of drugs to inflamed regions of the body,
although, to date, no clinical products have specifically taken advantage of the inflammato‐
ry targeting of liposomes (Phillips et al., 2009).

6.8. Cytokines

Cytokines are proteins and glicoproteins, members of a family of overlapping and interde‐
pendent molecules with important roles in the homeostatic control of the immune system
and of pathophysiology of different organs (Signore et al., 2000). Cytokine receptors, usually
of high affinity, are normally present at low levels on non-activated cells, but expression is
up-regulated during the cell activation and therefore these receptors on the affected tissue
are suitable targets for the detection of infection/inflammation (Malviya et al., 2007). Labeled
cytokines such as interleukin-1, interleukin-2 and interleukin-8 are a promising class of pro‐
tein radiopharmaceuticals of small molecular weight (<20 kDa) (Rennen et al., 2001). IL-1,
IL-1ra, IL-2, IL-6, IL-8, IL-10, IL-12, p40, interferon γ IFN-γ and epidermal growth factor
(EGF) have been radiolabeled for in vivo targetting of different leukocyte subsets with prom‐
ising results for their clinical use. Radiolabeled cytokines, therefore, have the potential for
use in the study of the pathophysiology of several diseases and have been used for the diag‐
nosis of inflammation and tumours (Signore et al., 2000). Cytokines and receptor antagonists
are specific for inflammation but not for infection (Das et al., 2002).

6.9. Streptavidin-biotin

The biotin-straptavidin system has been used for many years in a varity of different applica‐
tions (Diamandis & Christopoulos, 1991). Streptavidin is a protein extracted from the bacteri‐
um Streptomyces avidinii with a molecular weight of 60 kDa and has four binding sites with high
affinity (KD =10-15 M) for biotin, which is a water soluble vitamin with a molecular weight of 244
kDa (Kittigul et al., 1998). Avidin/indium-111 biotin scintigraphy is based on the non-specific
accumulation of avidin at sites of inflammation or infection, linked to increased transcapillary
leakage of macromolecules and to interstitial oedema at these sites. Due to its extremely high
affinity for and low dissociation constant with biotin, sites of infection can be imaged using avi‐
din as a pre-target, followed by 111In-labeled biotin (Lazzeri et al., 1999). The potential of radio‐
labeled biotin as an infection imaging agent has already been shown in an experimental animal
model of infection using biotin labeled with fluorine-18 as well as in a small group of patients
with osteomyelitis using 111In-labeled biotin (Lazzeri et al., 2008). Because, the mechanism of
localization is nonspecifically, based on the increasing vascular permeability, this radiophar‐
maceutical is not specific for infection imaging.

6.10. 18F-flourodeoxyglocose (18F-FDG)

A number of positron emitting radioisotopes are available for clinical use but the one most
commonly used is 18 Fluorine fluorodeoxyglucose. FDG is an analogue of glucose which
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ratios, receptor specificity has not been completely established and a significant amount of
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discovery of the usefulness of In-IgG scintigraphy for imaging infectious and inflammatory
foci (Oyen et al., 1992). Nonspecific polyclonal human immunoglobulins have been shown
to localize to sites of infection/inflammation by extravasations from the bloodstream due to
the induced local hyperemia and this agent is, thus, nonspecific for infection (Petruzzi et al.,
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ble the acquisition of good early images in the 99mTc window of the gamma camera and ac‐
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model of infection using biotin labeled with fluorine-18 as well as in a small group of patients
with osteomyelitis using 111In-labeled biotin (Lazzeri et al., 2008). Because, the mechanism of
localization is nonspecifically, based on the increasing vascular permeability, this radiophar‐
maceutical is not specific for infection imaging.

6.10. 18F-flourodeoxyglocose (18F-FDG)

A number of positron emitting radioisotopes are available for clinical use but the one most
commonly used is 18 Fluorine fluorodeoxyglucose. FDG is an analogue of glucose which
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concentrates in areas of high glycolytic activity such as rapidly dividing cells. Neutrophils
and macrophages have increased FDG uptake allowing localization of infection and inflam‐
mation (Robinson & Scarsbrook, 2009). PET with fluorine-18 fluorodeoxyglucose is a power‐
ful molecular imaging technique that allows areas with different pathologies such as
malignant neoplasias and active inflammation in clinical human studies to be assessed
(Wyss et al., 2004). Numerous reports have demonstrated increased FDG uptake at the sites
of infection and inflammation. FDG-PET is very helpful in the evaluation of chronic osteo‐
myelitis, sarcoidosis, fever of unknown origin (FUO), and differentiating toxoplasmosis
from lymphoma in the central nervous system in HIV-positive patients. Despite all of these
findings, however, FDG-PET has not been fully accepted as an effective way to evaluate in‐
fection and inflammation (Zhuang et al., 2005). This is nonspecific since 18F-FDG is also tak‐
en up at non-specific sites of inflammation as well as sites of tumor (Petruzzi et al., 2009).

7. Properties of an ideal infection imaging agent

The ideal radiopharmaceutical should enable early diagnostic imaging, a low absorbed radi‐
ation dose and make a distinction between inflammation and infection, which is of para‐
mount importance in the field of various infections including musculoskeletal, soft-tissue
and parenchymal infections. Furthermore, it should be nontoxic, inexpensive, readily availa‐
ble, and rapidly cleared from the blood and the body (Gemmel et al., 2009). The preparation
of the radiopharmaceutical should be quick and easy, preferably with technetium-99m as
the radionuclide (Larverman et al., 2008). Low levels of accumulation in bowel and blood
pool are particularly important characteristics of such an agent. Focal accumulation or tran‐
sient activity in the bowel would make detection of infections in this area very difficult. Sim‐
ilarly, high blood pool activity increases background and complicates the imaging of
vascular infections (Babich & Fischman, 1999). These properties for an ideal infection imag‐
ing agent are shown in Table 1 (Gemmel et al., 2009).

1. Rapid localization and good retention at the site of infection

2. Rapid clearance from non infected tissues (high target to background ratio)

3. Uptake in infection not in sterile inflammation, identifyingbacterial, viral and fungal infections.

4. The uptake of radiotracer should be proportional to the degree of infection. Therapy response can be monitored.

5. No pharmacological effect/immunological response, saferepeated injection.

6. Labeling should be simple and uncomplicated and wellcharacterized

7. 99mTc labeling is preferable, positron labeling is still experimental

8. Not depending on host leukocyte function

9. Less expensive than other combined modalities

Table 1. The requirements for an ideal radiopharmaceutical for infection imaging
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Considering these criteria for an ideal radiopharmaceutical for infection imaging, the best
techniques which fit this criteria better, are following by next topic.

8. Targeting nuclear medicine techniques in microorganisms imaging

The theoretical advantage of using an antimicrobial agent as the localizing agent for infec‐
tive foci is the selective toxicity of the compound for microbes rather than human targets.
Such agents should therefore be able to distinguish between inflammation due to infection
with microbial pathogens, and inflammation due to immune activity i.e. autoimmune dis‐
ease where microbes are not involved (Wareham et al., 2005). There is now a wide range of
radiolabeled antimicrobial agents that are undergoing evaluation. The first group consists of
radiolabeled antibiotics such as 99mTc- or 18F-ciprofloxacin, 99mTc-sparfloxacin, 99mTc-cefti‐
zoxime and anti-fungal agents such as 99mTc-fluconazole and 99mTc-isoniazid and the anti-
Mycobacterium tuberculosis agent 99mTc-ethambutol. The second group of
radiopharmaceuticals for imaging infections is derived from the array of human antimicro‐
bial peptides/proteins that binds to specific bacterial antigens, e.g. peptides derived from
human lactoferrin, ubiciquidin and human neutrophil peptide 1–3 (99mTc-HNP1–3; members
of the α-defensins) (Signore et al., 2008).

8.1. Antibiotics

In 1945, Selman Waksman proposed that the word antibiotic can be defined as ‘‘a chemical
substance of microbial origin that possesses antibiotic powers’’ (Davies, 2006). Antibiotics
are drugs of natural or synthetic origin that have the capacity to kill or inhibit the growth of
micro-organisms. Antibiotics are sufficiently non-toxic to the host are used as chemothera‐
peutic agents in the treatment of infectious diseases of humans, animals and plants (Hernan‐
dez Serrano, 2005). Antibiotics are designed to support host defense in controlling infection
(Kristian et al., 2007). Most antibiotics used in human treatment were originated from natu‐
ral templates produced by particular species of bacteria or fungi as a mechanism of competi‐
tion to ensure their own survival (e.g., to gain a larger share of environmental food supplies
by killing competitors (Hancock, 2005).

8.1.1. Types of antibiotics

Antimicrobial drugs are classified according to their mechanism of action, for example, cell
wall inhibiting, cell membrane inhibiting, protein synthesis inhibiting and nucleic acid in‐
hibiting (Riaz et al., 2011). The major targets for the main classes of antibiotics include cell
membranes (e.g., mupirocin), cell-wall biosynthesis enzymes and substrates (e.g., beta-lac‐
tams, vancomycin, and bacitracin), bacterial protein synthesis (e.g., chloramphenicol, tetra‐
cyclines, macrolides, clindamycin, aminoglycosides, linezolid, mupirocin, and fusidic acid),
and bacterial nucleic acid replication and repair (e.g., co-trimoxazole [trimethoprim/sulfa‐
methoxazole], which acts via an anti-metabolite mechanism, rifampicin, and quinolones)
(Hancock, 2005).
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and parenchymal infections. Furthermore, it should be nontoxic, inexpensive, readily availa‐
ble, and rapidly cleared from the blood and the body (Gemmel et al., 2009). The preparation
of the radiopharmaceutical should be quick and easy, preferably with technetium-99m as
the radionuclide (Larverman et al., 2008). Low levels of accumulation in bowel and blood
pool are particularly important characteristics of such an agent. Focal accumulation or tran‐
sient activity in the bowel would make detection of infections in this area very difficult. Sim‐
ilarly, high blood pool activity increases background and complicates the imaging of
vascular infections (Babich & Fischman, 1999). These properties for an ideal infection imag‐
ing agent are shown in Table 1 (Gemmel et al., 2009).
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4. The uptake of radiotracer should be proportional to the degree of infection. Therapy response can be monitored.

5. No pharmacological effect/immunological response, saferepeated injection.
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7. 99mTc labeling is preferable, positron labeling is still experimental

8. Not depending on host leukocyte function

9. Less expensive than other combined modalities

Table 1. The requirements for an ideal radiopharmaceutical for infection imaging
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Considering these criteria for an ideal radiopharmaceutical for infection imaging, the best
techniques which fit this criteria better, are following by next topic.

8. Targeting nuclear medicine techniques in microorganisms imaging

The theoretical advantage of using an antimicrobial agent as the localizing agent for infec‐
tive foci is the selective toxicity of the compound for microbes rather than human targets.
Such agents should therefore be able to distinguish between inflammation due to infection
with microbial pathogens, and inflammation due to immune activity i.e. autoimmune dis‐
ease where microbes are not involved (Wareham et al., 2005). There is now a wide range of
radiolabeled antimicrobial agents that are undergoing evaluation. The first group consists of
radiolabeled antibiotics such as 99mTc- or 18F-ciprofloxacin, 99mTc-sparfloxacin, 99mTc-cefti‐
zoxime and anti-fungal agents such as 99mTc-fluconazole and 99mTc-isoniazid and the anti-
Mycobacterium tuberculosis agent 99mTc-ethambutol. The second group of
radiopharmaceuticals for imaging infections is derived from the array of human antimicro‐
bial peptides/proteins that binds to specific bacterial antigens, e.g. peptides derived from
human lactoferrin, ubiciquidin and human neutrophil peptide 1–3 (99mTc-HNP1–3; members
of the α-defensins) (Signore et al., 2008).

8.1. Antibiotics

In 1945, Selman Waksman proposed that the word antibiotic can be defined as ‘‘a chemical
substance of microbial origin that possesses antibiotic powers’’ (Davies, 2006). Antibiotics
are drugs of natural or synthetic origin that have the capacity to kill or inhibit the growth of
micro-organisms. Antibiotics are sufficiently non-toxic to the host are used as chemothera‐
peutic agents in the treatment of infectious diseases of humans, animals and plants (Hernan‐
dez Serrano, 2005). Antibiotics are designed to support host defense in controlling infection
(Kristian et al., 2007). Most antibiotics used in human treatment were originated from natu‐
ral templates produced by particular species of bacteria or fungi as a mechanism of competi‐
tion to ensure their own survival (e.g., to gain a larger share of environmental food supplies
by killing competitors (Hancock, 2005).

8.1.1. Types of antibiotics

Antimicrobial drugs are classified according to their mechanism of action, for example, cell
wall inhibiting, cell membrane inhibiting, protein synthesis inhibiting and nucleic acid in‐
hibiting (Riaz et al., 2011). The major targets for the main classes of antibiotics include cell
membranes (e.g., mupirocin), cell-wall biosynthesis enzymes and substrates (e.g., beta-lac‐
tams, vancomycin, and bacitracin), bacterial protein synthesis (e.g., chloramphenicol, tetra‐
cyclines, macrolides, clindamycin, aminoglycosides, linezolid, mupirocin, and fusidic acid),
and bacterial nucleic acid replication and repair (e.g., co-trimoxazole [trimethoprim/sulfa‐
methoxazole], which acts via an anti-metabolite mechanism, rifampicin, and quinolones)
(Hancock, 2005).
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8.1.2. Mechanisms of antibiotics action

Antibiotics interfere with the growth of bacteria by undermining the integrity of their cell
wall or by interfering with bacterial protein synthesis or common metabolic pathways. The
terms bactericidal and bacteriostatic are broad categorizations, and may not apply for a giv‐
en agent against all organisms, with certain antimicrobials being bactericidal for one bacteri‐
al pathogen but bacteriostatic for another (Niederman, 2009). Bacteriostatic agents inhibit
the growth of bacterial cells but do not kill them, whereas bactericidal agents kill the bacte‐
ria. However, these categories are not absolute, since the killing effect of the drug varies
with the test method and the species being tested. Agents may be bactericidal against one
group of organisms and bacteriostatic against another) (French, 2006). Bactericidal antibiot‐
ics, such as the beta-lactams (including the cephalosporins, carbapenems, and cephems),
glycopeptides (including vancomycin), fluoroquinolones, polymyxins, and the lipopeptide
daptomycin, are often preferred for treatment of these diseases, particularly for cases of fe‐
brile neutropenia, meningitis, and endocarditis (Hancock, 2005). The importance of bacteri‐
cidal drugs versus bacteriostatic drugs in the treatment of infections has been debated for
many years. Although the advantages of bactericidal agents appear obvious (e.g., rapid
elimination of bacteria and a decreased possibility of resistance development or infection re‐
currence), bactericidal activity could be undesirable in some clinical settings. In CNS (central
nervous system) infection, for example, the sudden lysis of bacteria by a bactericidal agent
leads to a sudden increase in bacterial products (e.g., lipopolysaccharide in gram-negative
organisms or peptidoglycans in gram-positive organisms) that may stimulate cytokine pro‐
duction, causing potentially harmful inflammation (Finberg et al., 2004).

8.1.3. Review on radiolabeled antibiotics

Agents that specifically target the infectious organisms (e.g., bacteria, fungi or viruses) have
potential to distinguish microbial from non microbial inflammation (Boerman & Nijmegen,
2008). The first and most intensively studied agent in this category is 99mTc-ciprofloxacin
(99mTc-infecton), a member of fluoroquinolone group that was introduced by Solanki et al. as
a new class of radiopharmaceutical for infection imaging in 1993 (Solanki et al., 1993). The
results of 99mTc-infecton clinical application in imaging patients with various infections are
shown in Table 2.

Moreover, radiolabeling of some other quinolone antibiotics, cephalosporines, antifungal
agents, anti mycobacterium tuberculosis and also antiviral radiopharmaceuticals for targeting
diagnosis of infectious foci, were investigated up to now.

8.1.3.1. Radiolabeled antibacterial agents

The use of radiolabeled antibiotics is fast emerging as a promising diagnostic test for the de‐
tection of infective lesions, because of their specific binding to the bacterial component
(Singh et al., 2005). The first clinical application of 99mTc-ciprofloxacin was performed by
Vinjamuri et al. in 1996 and the ability of 99mTc infecton imaging in comparison with radiola‐
beled white blood cell imaging for evaluating of bacterial infection, were investigated (Vin‐
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jamuri et al., 1996). The results showed 84% sensitivity and 96% specificity of 99mTc
ciprofloxacin in contrast to 81% sensitivity and 77% specificity of white blood cell imaging.
Ciprofloxacin has several advantages over radiolabeled leucocytes, and other methods for
imaging infection, which include the following: (1) specificity for infection, (2) lack of bone
marrow uptake, which is a significant advantage in imaging bone and joint and orthopedic
prostheses infections, (3) ease and cost of preparation of the agent, (4) ex vivo labeling, which
avoids contact with blood and hence the risk of acquiring blood borne infections such as
HIV and hepatitis B and C, (5) independence of the host inflammatory response and neutro‐
phil count and hence it can be used to image infections in immunocompromised patients,
including those who are neutropaenic, where culture is often negative and white blood cell
imaging unreliable and (6) availability in a kit format with long shelf-life, making it user
friendly and more widely available (Akhtar et al., 2012). However, the low binding affinity
of 99mTc-ciprofloxacin to bacteria and the risk of emerging antibiotic-resistant microorgan‐
isms make this radiopharmaceutical unattractive for imaging bacterial infections (Welling et

Type of infection
Number of

patients
Sensitivity (%) Specificity (%) Reference

Known or suspected sites of

infection
56 84 96 Vinjamuri et al., 1996

Various infections with proven

microbiological tests
99 83 91 Britton et al., 1997

Suspected of a variety of

infections
90 70.3 93.1 Hall et al., 1998

Suspected orthopaedic infection 15 85 92 Yapar et al., 2001

Clinically suspected

chronic skeletal infection
51 63 96

Sonmezoglo et al.,

2001

Suspected

bacterial infection

879 (in 8 country

under the auspices

of the IAEA)

85.4 81.7 Britton et al., 2002

Proven or suspected bone

infection
45 97.2 80 Malamitsi et al., 2003

Suspected septic arthritis or

osteomyelitis
27 100 37.5 Sarda et al., 2003

Postoperative spinal infection 48 52 79 De Winter, et al., 2004

Acute or chronic

cholecystitis based on the clinical

and ultrasonographic

findings

60 91.7 75 Cho et al., 2007

Table 2. Some reported clinical applications of 99mTc-ciprofloxacin (infecton).
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(99mTc-infecton), a member of fluoroquinolone group that was introduced by Solanki et al. as
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diagnosis of infectious foci, were investigated up to now.
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(Singh et al., 2005). The first clinical application of 99mTc-ciprofloxacin was performed by
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imaging infection, which include the following: (1) specificity for infection, (2) lack of bone
marrow uptake, which is a significant advantage in imaging bone and joint and orthopedic
prostheses infections, (3) ease and cost of preparation of the agent, (4) ex vivo labeling, which
avoids contact with blood and hence the risk of acquiring blood borne infections such as
HIV and hepatitis B and C, (5) independence of the host inflammatory response and neutro‐
phil count and hence it can be used to image infections in immunocompromised patients,
including those who are neutropaenic, where culture is often negative and white blood cell
imaging unreliable and (6) availability in a kit format with long shelf-life, making it user
friendly and more widely available (Akhtar et al., 2012). However, the low binding affinity
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al., 1999). The majority of other fluoroquinolone antibiotics, some of the cephalosporins and
also other antibacterial agents were radiolabeled up to now for bacterial infection imaging
with promising results (Table 3).

Antibiotic Antimicrobial group
Radio-

nuclide
Microorganisms

Target to

non

target

ratio

(T/NT)

Reference

Ceftizoxime
Cephalosporine- third

generation
Tc-99m Escherichia coli 3.24

Gomes Barreto et al.,

2000, 2005

Floclunazol Antifungal Tc-99m
Candida albicans

-Aspergillus fumigates
3.6 Lupetti et al., 2002

Isoniazid Antituberclosis Tc-99m
Mycobacterium

tuberculosis
- Singh et al., 2003

Enrofloxacin
Fluoroquinolone-

second generation
Tc-99m

Staphylococcos aureus and

Candida albicans
4.25 Siaens et al., 2004

Vancomycin Glycopeptide antibiotic Tc-99m
Staphylococcos aureus

25923
5 Roohi et al., 2005

Pefloxacin
Fluoroquinolone-

second generation
Tc-99m Escherichia coli 5.6 El Ghany et al., 2005

Ethambutol Antituberclosis Tc-99m
Mycobacterium

tuberculosis
- Verma et al., 2005

Kanamycin Aminoglycoside Tc-99m
Staphylococcos aureus

25923
2.5 Roohi et al., 2006

Cefoperazone
Cephalosporin-forth

generation
Tc-99m Staphylococcus aureus 4.5 Motaleb, 2007a

Lomefloxacin
Fluoroquinolone-

second generation
Tc-99m Staphylococcus aureus 6.5 Motaleb, 2007b

Ofloxacin
Fluoroquinolone-

second generation
Tc-99m Staphylococcus aureus 4.3 Motaleb, 2007b

Sparafloxacin
Fluoroquinolone-

third generation
Tc-99m Staphylococcus aureus 5.9 Motaleb, 2009

Cefuroxime axetil
Cephalosporin-second

generation
Tc-99m Staphylococcus aureus 2.5

Yurt Lmbrecht et al.,

2008a

Linezolid Oxazolidinone I-131 Staphylococcus aureus 5.5
Yurt Lmbrecht et al.,

2009
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Antibiotic Antimicrobial group
Radio-

nuclide
Microorganisms

Target to

non

target

ratio

(T/NT)

Reference
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generation
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Chattopadhyay et al.,

2010

Norfloxacin
Fluoroquinolone-
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Methicillin-resistant

Staphylococcus aureus
7.34 Shah et al., 2010
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Tc-99m Staphylococcus aureus 6.04 Shah & Khan, 2011b
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generation
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Nitrofurantoin
Nitrofuran derivatives-

DNAinhibitors
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Garenoxacin
Fluoroquinolone-forth
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Tc-99m

multi-resistant

Staphylococcus aureus

(MRSA)

--penicillin-resistant

Streptococci (PRSC)

5.2

5.4
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Fluoroquinolone-
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Table 3. The history of radiolabeled antibiotics applied in infection imaging.
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8.1.3.2. Radiolabeled antituberculous agents

Mycobacterial infections have been shown to be increasing in number worldwide, mainly due
to a global increase in developing countries, the increased number of patients with HIV infec‐
tion and AIDS disease worldwide, an increasing the number of elderly patients and the emer‐
gence of multidrug resistant tuberculosis (De Backer et al., 2006). Tuberculosis is an ancient
infectious disease that remains a threat for public health around the world. Although the etio‐
logical agent as well as tuberculosis pathogenesis is well known, the molecular mechanisms
underlying the host defense to the bacilli remain elusive (Jordao & Vieira, 2011). A suitable li‐
gand, ethambutol (EMB) that is, specific first line antitubercular drug was chosen for detection
as well as localization of the lesion using nuclear medicine modality. 99mTc-EMB was used in
humans for tubercular imaging. The mycobacterial lesion uptake study carried out so far in hu‐
mans suggested that 99mTc-EMB is specific and sensitive radiopharmaceutical for sensitive as
well as resistant tubercular lesion detection and localization (Singh & Batnagar, 2010). Isonia‐
zid is another antituberculous agent that binds to mycolic acid in the cell walls of living myco‐
bacteria.  Successful  imaging  of  Mycobacterium  tuberculosis  cold  abscesses  in  rabbits  was
reported along with rapid washout from Staphylococcos aureus infected abcesses suggesting the
agent my be very useful for the detection and follow up of tuberculous lesions in humans
(Wareham et al., 2005). Ethambutol was successfully labeled with 99mTc followed by studies on
mice and rabbits for labeling efficiency, in vitro and in vivo stability, blood kinetics, and organ
distribution (Table 3). Therefore it was concluded that this radiolabeled agent can be used for
detection and follow up of tuberculous lesions in patients especially to determine the treat‐
ment endpoint of antituberculous drugs (Akhtar et al., 2012).

8.1.3.3. Radiolabeled antifungal agents

During the past two decades, invasive fungal infections have emerged as a major threat to im‐
munocompromised hosts. Patients with neoplastic diseases are at significant risk for such in‐
fections as a result of their underlying illness and its therapy (Shoham & Levitz, 2005). Candida
albicans is the most common fungal pathogen, and is the organism responsible for the majority
of localized fungal infections in humans (De Assis et al., 2008). Fluconazole is the most fre‐
quently employed among the triazole antifungal agents in treating Candida infections in indi‐
viduals with severe immunodeficiency (Lupetti et al., 2011). It was successfully labeled with
99mTc by Lupetti et al., in 2002. This labeled compound successfully detected infections with
Candida albicans but not bacterial infections or sterile inflammatory sites in animals (Table 3)
(Lupetti et al., 2002). In the attempt to develop new tracers that specifically detect fungal infec‐
tions, components of fungal cell wall have been considered highly selective targets. Since chi‐
tin is a component of fungal cell wall, which is absent in mammalian cells, a radiolabeled
marker for chitine, 123I-chitinase was developed in order to bind specifically to fungal cells (Lu‐
petti et al., 2011). It was tested for specificity in a mouse model to localize fungal infections with
both Candida and Aspergillus species. Furthermore, the chitinase uptake appeared to correlate
well with the number of viable fungal cells (Gemmel et al., 2009). The results revealed that this
radioiodine labeled enzyme accumulates in Candida albicans and Aspergillus fumigatus infec‐
tions in mice; these infections can be visualized at 24 h after injection of the tracer and its accu‐
mulation,  correlates with the number of  viable fungal  cells  without visualizing bacterial
infections or sterile inflammations (Lupetti et al., 2011).
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8.1.3.4. Radiolabeled antiviral agents

Antiviral therapeutics deals specifically with the treatment of viral infections and refers to
the use of drugs and the methods of the execution in the treatment of life-threatening viral
diseases (Saxena et al., 2009). Development of a suitable radiolabeled antiviral drug probe
must take into account the specificity of metabolism of the drug by virus-infected cells, the
capability and convenience of labeling the drug without altering that specificity, and the bio‐
distribution of the drug (Price et al., 1983). The possibility of using a naturally occurring vi‐
rus-encoded molecule as an imaging reporter was first explored in the early 1980s, when
acyclovir was approved as an antiviral drug for the treatment of HSV (herpes simplex virus)
infections. The ability of this and other nucleoside analogues to selectively inhibit HSV repli‐
cation is based on their ability to undergo phosphorylation by the viral thymidine kinase
(TK), but not by corresponding host enzymes (Bray et al., 2010). Ideally, the drug to be used
should be phosphorylated exclusively by viral TK and, therefore, label only infected cells
(Price et al., 1983). Among various substrates, radiolabeled 2′-fluoro-2′-deoxy-5-iodo-1-β-D-
arabinofuranosyluracil (FIAU) demonstrated high sensitivity and selectivity for the detec‐
tion of HSV1-tk expression. FIAU is trapped intracellularly only in the presence of HSV1-tk
(Bengel et al., 2000). Another antiviral drug, 2'-fluoro-5-methyl-1-beta-D-arabinosyluracil la‐
beled with carbon 14 ([14C]FMAU), was used as a probe for selectively imaging brain infec‐
tion in a rat model to diagnosis of herpes simplex encephalitis by quantitative
autoradiography (Saito et al., 1984). Stavudine, 2′, 3′ didehydro-3′-deoxythymidine (d4T), is
a synthetic thymidine nucleoside analog that is effective in the treatment of human immu‐
nodeficiency virus (HIV) infection. Stavudine enters cells rapidly by nonfacilitated diffusion,
with the rate of influx being linear with respect to concentration. This potent antiviral agent
was radiolabeled with 11C and the results showed that future PET studies with this radio‐
pharmaceutical will allow in vivo measurements of the pharmacokinetics of stavudine in
both animal models and human subjects (Livni et al., 2004). The replication cycles of various
DNA and RNA viruses offer a variety of targets for drugs and probes that interact specifical‐
ly with virus-encoded molecules which made candidate tracers of different virus families
for virus-specific imaging (Bray et al., 2010).

8.2. Antimicrobial peptides

Antimicrobial peptides are widespread in living organisms constitute an important compo‐
nent of innate immunity to microbial infections. By the early 1980s, more than 800 different
antimicrobial peptides had been isolated from mammals, amphibians, fish, insects, plants
and bacterial species. In humans, they are produced by granulocytes, macrophages and
most epithelial and endothelial cells (Kamysz, 2005). Antimicrobial peptides usually contain
hydrophobic and cationic amino acids, which are able to organize in an amphipatic struc‐
ture (Lupetti et al., 2003a). They can be expressed constitutively or induced during inflam‐
mation or microbial challenge. Antimicrobial peptides displayed antibacterial, antiviral and
antifungal activities in vitro and were effective in experimental infections with multidrug re‐
sistant Staphylococcus aureus and Mycobacterium tuberculosis (Lupetti et al., 2003b). Due to the
development of microorganisms' resistant to the most widely used antibiotics and antifun‐
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gal agents, antimicrobial peptides have gained renewed attention as possible therapeutic
candidates (Lupetti et al., 2003c). Difficulties arising in purifying natural antimicrobial pepti‐
des from various sources have prompted the recombinant production of antimicrobial pepti‐
des by genetically engineered bacteria or by peptide synthesis. Such methods result in
sufficient amounts of antimicrobial peptides produced under good laboratory practice con‐
ditions, which is essential for future approval to use the peptides in clinical trials. Peptide
synthesis also allows the production of chemical variants, such as denantiomers, peptides
that have amino acid substitutions at various positions, and peptide libraries (Lupetti et al.,
2003b). Synthetic peptides are usually small, rapidly removed from the circulation and other
body compartments, and flexible, because they do not hold a particular structure in a hydro‐
philic environment, and display a favorable adverse effect profile (Akhtar et al., 2012).

8.2.1. Types of antimicrobial peptides

Antimicrobial peptides usually contain less than 50 amino acids with a net positive charge due
to an excess of basic residues, such as lysine and arginine, and approximately 50% hydropho‐
bic amino acid (Lupetti et al., 2003c). According to combination of sequence homologies, three
dimensional structures and functional similarities classification, antimicrobial peptides can be
divided into 5 main classes: (1) linear, mostly α-helical peptides without cysteine residue, with
or without hinge region (bombinins, cecropins, magainins), (2) antimicrobial peptides with
one disulfide bond that form a loop structure with a tail (bactenecins, esculentins), (3) antimi‐
crobial peptides with two or more disulfide bonds giving mainly or only β-sheet structure (de‐
fensins,  protegrins),  (4)  linear  peptides  without  cysteine  residue  and  with  an  unusual
composition of regular amino acids (histatins, indolicidin, temporins) and (5) antimicrobial
peptides derived from larger peptides or proteins with other known functions (lactoferricins,
MUC7). Despite differences in structure, all the peptides display a similar motif: an amphiphil‐
ic structure, with one surface being highly positive and the other hydrophobic (Kamysz, 2005).
Ubiquicidin 29-41 (UBI) is a fragment of the cationic antimicrobial peptide that is present in
various species including humans (Melendez-Alafort et al., 2003). Short peptides from lacto‐
ferrin (a 692-amino acid iron-binding protein found in body fluids, secretary granules of neu‐
trophils and mucosal epithelium), consist of HLF (human lactoferrin peptide) 1-11 and 2-11,
were tested for their ability to target infections (Knight, 2003). One of the best-studied antimi‐
crobial peptides is human neutrophil peptide (HNP)-1, which is a member of the family of de‐
fensins. This antimicrobial peptide, which is stored in the granules of human neutrophils,
contributes to bacterial killing during phagocytosis. HNP-1 displays antimicrobial activity
against gram-positive and gram-negative bacteria, many fungi and some enveloped viruses
(Welling et al., 1999). Bacteriocins are ribosomally synthetized antimicrobial peptides pro‐
duced by bacteria (Oscariz & Pisabarra, 2001). Bacteriocins are peptides secreted by cells to in‐
hibit or kill closely related species. They are divided into two basic types. The first group
comprises peptides which have been subjected to post-translatory treatment (modified bacter‐
iocins-lantibiotics). The second group includes unmodified bacteriocins. Furthermore, bacter‐
iocins comprise colicins and microcins, i.e. peptides produced by Gram-negative bacteria (e.g.,
Escherichia coli) (Kamysz, 2005).
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8.2.2. Mechanisms of antibacterial peptides action

Although the exact mechanism of action of antimicrobial peptides (AMPs) remains a matter of
controversy, there is a consensus that these peptides selectively disrupt the cell membranes
and the amphipathic structural arrangement of the peptides is believed to play an important
role in this mechanism (Peddy et al., 2004). Based on the available data, all proposed modes of
action have implicated the cationic and hydrophobic nature of the AMPs in its initial interac‐
tion with the negatively charged lipids in bacterial membranes while some variations are ex‐
pected  in  non-bacterial  targets.  Due  to  their  cationic  nature,  AMPs  are  electrostatically
attracted to negatively charge microbial surfaces such as lipopolysaccharide (LPS) in Gram-
negative bacteria and teichoic and teichuronic acids in Gram-positive bacteria (Rotem & Mor,
2009). Insertion of the peptides into the bacterial cytoplasmic membrane under the influence of
the transmembrane electrical potential gradient results in transient permeability of mem‐
branes and leakage of cellular constituents, such as potassium ions, thus destroying the pro‐
ton gradient across the membrane, resulting in bacterial cell death (Lupetti et al., 2003c).

8.2.3. Review on radiolabeled antibacterial peptides

Because antimicrobial peptides preferentially bind to bacterial membranes, radiolabeling of
these peptides would offer the medical community the novel candidates for the develop‐
ment of bacteria-seeking radiopharmaceuticals (Welling et al., 1999). A number of radiola‐
beled peptides have been evaluated for the scintigraphic detection of infections (Table 4).
Among the most specific ones are technetium-99m labeled cationic antimicrobial peptides
derived from ubiquicidin (UBI) that preferentially bind to microorganisms (Welling et al.,
2004). 99mTc-labeled ubiquicidin 29-41 (99mTc-UBI 29-41) is a highly sensitive and specific
agent for the scintigraphic detection of bacterial and fungal infections in animals and hu‐
mans. 99mTc-UBI 29-41 allows rapid visualization of Gram-positive and Gram-negative bac‐
terial infections with little or no accumulation in sterile inflammatory processes, indicating
that this peptide directly tags the microorganisms at the site of infection (Vallejo et al., 2008).
Tc-99m labeled antimicrobial peptides UBI 29-41, UBI 18-35, UBI 31-38, hLF 1-11, and defen‐
sins accumulate significantly in tissues infected with Gram-positive and Gram-negative bac‐
teria and Candida albicans. Significantly lower accumulation of these peptides occurs in
sterile inflamed tissues (Fard-Esfahani et al., 2010). The peptides hLF 1-11 and 2-11, when
labeled with 99mTc by a direct reduction technique, bound well to bacterial cells in vitro. Un‐
like 99mTc-UBI peptides, however, the labeled hLF peptides also bound to human leukocytes.
This makes them less useful for infection imaging, because they cannot adequately discrimi‐
nate between bacterial infection and sterile inflammation. Furthermore, the peptides had a
relatively high degree of hepatobiliary clearance (Knight, 2003). There are limitations attrib‐
uted to synthesis/isolation of antimicrobial peptides, labeling with isotopes, minimum de‐
tection limit of 103 Colony-Forming Unit (CFU) of bacteria, and inability to distinguish
between bacterial and fungal infections. In addition, different bacterial types reveal different
tracer accumulation (Staphylococcus aureus versus Escherichia coli). Currently no evidence re‐
garding resistance against antimicrobial peptides has been reported. Considering the merits
and demerits of radiolabeled peptides and radiolabeled antibiotics, it can currently be con‐
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8.2.2. Mechanisms of antibacterial peptides action
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Infectious Foci Imaging with Targeting Radiopharmaceuticals in Nuclear Medicine
http://dx.doi.org/10.5772/52882

213



cluded that radiolabeled peptides are better specific infection localizing agents than radiola‐
beled antibiotics (Akhtar et al., 2012).

Antimicrobial Peptides Radionuclide Microorganisms
Experimental

model
Reference

Human neutrophil

peptide (HNP) -1
Tc-99m

Staphylococcus aureus

-Klebsiella pneumoniae
Swiss mice Welling et al., 1999

Ubiquicidin (UBI) 29–41

-UBI 18–35

-UBI 31–38

-Human lactoferrin (hLF)

1–11

-Defensins

Tc-99m

Multidrug-resistant

Staphylococcus aureus (MRSA)

-Klebsiella pneumonia

-Fluconazole resistant

Candida albicans

Swiss mice

-New Zealand White

rabbits

Welling et al., 2001

UBI 29-41

Tc-99m

(HYNIC- or N2S2-

chelate

conjugated )

Staphylococcus aureus

-Klebsiella pneumonia
Swiss mice Welling et al., 2003

UBI 29-41

hLF 1-11
Tc-99m

Staphylococcus aureus

-MRSA

Swiss mice

-Wistar rats

Nibbering et al.,

2004

UBI 29-41

(in a kit formulation)
Tc-99m

Staphylococcus aureus

-Escherichia coli
Rabbits Akhtar et al., 2004

UBI 29-41 Tc-99m
Various bacterial

microorganisms

Human (with

suspected bone

infection)

Melendez-Alafort et

al., 2004

UBI 29-41 Tc-99m
Various bacterial

microorganisms

Human (with soft

tissue infection and

osteomyelitis)

Akhtar et al., 2005

UBI 29-41 Tc-99m
Staphylococcus aureus

(prosthetic joint infection)

New Zealand

rabbits

Sarda-Mantel et al.,

2007

hLF 1–11 Tc-99m MRSA Swiss mice
Brouwer & Welling,

2008

UBI 29-41

99mTc/Tricine/

HYNIC0 from

lyophilized kits

Various bacterial

microorganisms

Human (with

suspected bone or

soft-tissue

infections)

Gandomkar et al.,

2009

UBI 29-41 Tc-99m
Various bacterial

microorganisms

Human (with

diabetic foot

infection)

Fard-Esfahani et al.,

2010

Table 4. Some reported applications of antimicrobial peptides as infection imaging agents.
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9. Antibiotics and antimicrobial peptides radiolabeling

A simple, efficient and reproducible radiolabeling procedure is essential to develop radio‐
pharmaceuticals for routine clinical use (Gandomkar et al., 2009). The various methods of
radiolabeling with 99mTc, including the direct labeling methods for antibiotics and peptides
and indirect labeling of peptides using the bifunctional chelating agents have been dis‐
cussed. The radionuclide should be firmly attached or incorporated into the peptide to allow
the visualization of the target and reliable assessment of its pharmacokinetics after its intra‐
venous administration. Moreover, the labeling conditions should not affect the binding ac‐
tivity of the peptide to the microorganism (Lupetti et al., 2003c).

Quality assurance is the sum of all parameters concerning the preparation and control of a
finished product. Biological quality control of pharmaceutical products becomes essential as
they are ultimately to be consumed by living organisms, in particular the humans (Patei
Riddhi et al., 2011). Radiochemical purity and labeling efficiency analyses techniques are
performed by high performance liquid chromatography (HPLC), C18-Sep-pak, instant thin
layer chromatography (ITLC) and paper chromatography (IAEA-TECDOC-1414, 2004). Op‐
timum condition of labeling are required for maximum labeling of 99mTc-conjugates by opti‐
mizing the affecting factors on radiolabeling such as: pH, the amount of reducing agent and
incubation time of reaction mixture. Moreover, the stability of radiolabeled complex in hu‐
man blood serum and room temperature are determined. The biodistribution study of la‐
beled complex is done by percent uptake calculation of the tracer at various organs of
experimental animal, after intravenous administration of the radiopharmaceutical at differ‐
ent intervals to monitor the distribution style of radio complex at different organs, localiza‐
tion and high uptake at target site without any accumulation in vital organs.

9.1. Direct labeling

The direct labeling method is a simple procedure in which the peptide is labeled in absence
of an exogenous chelator (Lupetti et al., 2003b). The direct approach is characterized by
poorly defined chemical structures, and it is generally thought that the 99mTc binds to the
sulfhydryl groups produced by reduction of the peptide disulfide bridge. Therefore, pepti‐
des containing cysteine seem to be a basic requirement for this labeling approach (Melen‐
dez-Alafort et al., 2009). The various complexes of 99mTc may be formed by interaction
between electron donor atoms and reduced technetium. In the case of antibiotics radiolabel‐
ing, in order to form bonds with technetium, the structure must contain electron donors
such as oxygen, nitrogen and sulfur. The labeled complex may be formed electron pairs of
these atoms with reduced technetium that is +1 or +3 in the reduced states similar to other
studies (Yurt Lambrechtet al., 2008b).The mechanism underlying the direct labeling method
is not fully elucidated, but it probably involves the reduction of 99mTc-pertechnetate by stan‐
nous ions and KBH4, the production of a TcO (pyrophosphate) intermediate, and the substi‐
tution reaction transferring the reduced technetium from this intermediate to the amino
groups of cationic peptides. The end-product from this reaction could be a reduced metal
(N4) complex, as reported for many tetrapeptides (Lupetti et al., 2003c).
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poorly defined chemical structures, and it is generally thought that the 99mTc binds to the
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(N4) complex, as reported for many tetrapeptides (Lupetti et al., 2003c).
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9.2. Indirect labeling

Indirect method of labeling is used mostly for radiolabeling of peptides and it is not com‐
mon for antibiotics labeling. A widely used method for labeling of small peptides is by con‐
jugation of bifunctional chelators to the peptide and several attampts have been made using
hydrazinonicotinamid (HYNIC) and N3S compounds (S-benzoyl MAG3) (IAEA-TEC‐
DOC-1414, 2004). Among the various bifunctional chelating agents developed to date, HYN‐
IC constitutes a representative agent for 99mTc radiolabeling. Since HYNIC serves as a
monodentate or bidentate ligand, a coligand is necessary to complete the coordination
sphere of the technetium core. Tricine is often used as the coligand because of the produc‐
tion of 99mTc-HYNIC-labeled peptides and polypeptides with high radiochemical yields and
high specific activities in a short reaction time (Ono et al., 2001). Moreover, the indirect la‐
beling method permits post conjugation labeling, whereby the peptide is first conjugated to
the BFCA and then stored and labeled when required for clinical use. Furthermore, this ap‐
proach is the only choice for peptides containing disulfide bridges essential for receptor rec‐
ognition (Melendez-Alafort et al., 2009).

10. Conclusion

Nuclear medicine technology offers an attractive option for diagnosis of focal infections due
to its sensitivity based on pathophysiological and pathobiochemical processes. This ap‐
proach needs a reliable radiopharmaceutical that can concentrate in site of infection with
high specificity. As reviewed in this chapter, various conventional radiopharmaceuticals
which are basically on the uptake mechanism of targeting host inflammatory response are
not specific for infection imaging. In contrast, the use of radiopharmaceuticals for specific
targeting of microorganisms responsible for infection, have been proposed. In this respect,
radiolabeled antibiotics and antimicrobial peptides, by specific binding to the bacterial com‐
ponent, have the potential to distinguish microbial from non infectious inflammation at the
early stage of diseases. However, according to the irregular usage of antibiotics and increas‐
ing antibiotic-resistant microorganisms, it seems that antimicrobial peptides have more ad‐
vantages over antibiotics. We suggest that, antimicrobial peptides with wide promising
properties as the infection imaging agents have the ability to be used in clinical usages in
patients with suspected infections for more accurate diagnosis.
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1. Introduction

Ultrasound imaging is widely used to assess carotid, brachial, femoral, as well as other ar‐
teries. There are major advantages of using ultrasound in comparison to other imaging tech‐
niques, such as its non invasiveness and its capability to produce real-time visualization of
the arterial lumen and vessel wall that is not possible with any other imaging modality [1].
Recent clinical studies have benefited from continuous improvements in ultrasound image
quality, new imaging techniques and signal processing algorithms with the aim of identify‐
ing the vulnerable carotid plaque based on the mechanical wall motion behavior [2,3].

The vulnerable arterial plaque may cause atherothrombotic events, myocardial infarction
and stroke, which are responsible for approximately 35% of the total mortality in the west‐
ern world, and are the leading causes of morbidity world-wide [4]. The first indication of
cardiovascular disease is a thickening of the intimal and medial layers of the arterial wall. It
involves lipid accumulation and the migration and proliferation of many cells in the sub-in‐
timal and medial layers, which results in the formation of plaques. It is the rupture of such
plaques that causes myocardial infarcts, cerebrovascular events, peripheral vascular disease
and kidney infarcts. The impact of the intima-media thickness (IMT) on the incidence of car‐
diovascular events in the Rotterdam study by B-mode ultrasound indicates that the risk of
myocardial infarction increases 43% per standard deviation increase (0.163 mm) in common
carotid IMT [4]. The main conclusions resulting from this study were supported by other in‐
dependent investigations which reveal that an IMT higher than 0.9-1.0 mm indicates a po‐
tential atherosclerotic disease, which translates into an increased risk of a cardiovascular

© 2013 Gutierrez et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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event. Hence, the robust segmentation and measurement of IMT by B-mode ultrasound has
a considerable impact in the early diagnosis of atherosclerosis, prognosis prediction, and in
the monitoring of responses to lifestyle and prescribed pharmacological treatments.

Ultrasound signals have also been extensively used in clinical sites, by exploiting Doppler
effect to measure vascular blood velocity and flow, among other applications [5,6]. Typical‐
ly, a spectrum of frequencies related to the different velocities of the blood cells is presented
as a curve of velocity versus time. The analysis of this curve can reveal important relation‐
ships between the frequency spectral pattern along the cardiac cycle and the presence of car‐
diovascular diseases [7,8], among other examples [9,10].

2. Arterial vessels image analysis

2.1. Problem statement

The current clinical practice in the assessment of the early cardiovascular diseases involves
acquisition of B-mode ultrasound data from large superficial arterial vessels such as the
common carotid artery (CCA). The image acquisition process generates sequences of two di‐
mensional ultrasound images along the time (2D+time) that are currently interpreted using
either manual annotation procedures or commercially available semi-automatic image proc‐
essing environments. While the manual annotation generally results in accurate IMT meas‐
urements, it is subject to intra and inter-observer variability. Moreover, this procedure
requires annotating multi-frame ultrasound data, which is not only labor intensive but also
highly dependent on the experience of the observer. All these factors stimulated the investi‐
gation of automatic segmentation techniques, which can greatly support the clinical practi‐
tioners in their evaluation and may have substantial benefits in the quality of the medical
act. As a consequence of this clinical interest, a large number of studies were focused on the
development of automatic IMT segmentation algorithms in order to provide an accurate
analysis of IMT measurements [11-31].

The IMT complex is best visualized in longitudinal sections of the CCA. Fig. 1 shows a rep‐
resentative B-mode ultrasound image of the CCA and a schematic illustration of the relevant
leading edges of echo responses. Previous studies [10-12] have shown that the leading edges
can be mapped to the following interfaces: near-wall media-adventitia, far-wall lumen-inti‐
ma and far-wall media-adventitia. The lumen diameter (LD) is defined as the distance be‐
tween the intima-lumen interface of the near-wall and the lumen-intima interface of the far-
wall. The far-wall IMT is defined as the distance between the far-wall lumen-intima (FWLI)
and the far-wall media-adventitia interfaces (FWMA).

The determination of ultrasonic measurement of the artery becomes equivalent to accurately
detecting the echo boundaries presented in Fig. 1. However, the existence of ultrasonic
imaging artifacts such as speckle, reverberations and dropouts make the accurate definition
of a boundary very difficult.
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2.2. IMT segmentation algorithms

Since the IMT complex is defined by two distinguishable interfaces in the ultrasound image
data, the majority of studies that addressed the IMT segmentation were built on several as‐
sumptions regarding the intensity profiles associated with each interface. The automatic de‐
tection of such interfaces requires a priori knowledge that implies a certain amount of user
intervention. In recent studies, substantial efforts have been dedicated to reduce the level of
user intervention during the IMT segmentation process. A review of the methods in this
area is presented by Molinari et al. [13], which address the main directions of research in the
field of IMT segmentation. The published methods in this area can be classified in three
classes: edge-based, dynamic programming and probabilistic IMT segmentation methods.
The edge based segmentation schemes aim to reconstruct the IMT complex from gradient
data and in this process prior knowledge relating to the intensity profiles is enforced in the
process of selecting the FWLI and FWMA interfaces. The early segmentation schemes that
addressed the identification and measurement of the IMT were based on semi-automatic
methods where the user intervention was critical to obtain accurate results. De Groot et al.
[14] analyzed the contribution of the patient and observer variability in the process of the
IMT measurement in serial carotid and femoral B-mode ultrasound scans. Through the use
of variance components analysis they found that 75% of the variance in the measurement of
the far-wall thickness could be attributed to the differences among patients and a 7% varia‐
bility recorded in the analysis of the mean IMT thickness was caused by the ultrasound
equipment. In a study presented by Selzer et al. [15], the initial IMT boundary position was
manually selected and this information was used to guide an IMT edge-based segmentation
process. Dwyer et al. [16] developed a semi-automatic IMT segmentation algorithm that was
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event. Hence, the robust segmentation and measurement of IMT by B-mode ultrasound has
a considerable impact in the early diagnosis of atherosclerosis, prognosis prediction, and in
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leading edges of echo responses. Previous studies [10-12] have shown that the leading edges
can be mapped to the following interfaces: near-wall media-adventitia, far-wall lumen-inti‐
ma and far-wall media-adventitia. The lumen diameter (LD) is defined as the distance be‐
tween the intima-lumen interface of the near-wall and the lumen-intima interface of the far-
wall. The far-wall IMT is defined as the distance between the far-wall lumen-intima (FWLI)
and the far-wall media-adventitia interfaces (FWMA).

The determination of ultrasonic measurement of the artery becomes equivalent to accurately
detecting the echo boundaries presented in Fig. 1. However, the existence of ultrasonic
imaging artifacts such as speckle, reverberations and dropouts make the accurate definition
of a boundary very difficult.
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2.2. IMT segmentation algorithms

Since the IMT complex is defined by two distinguishable interfaces in the ultrasound image
data, the majority of studies that addressed the IMT segmentation were built on several as‐
sumptions regarding the intensity profiles associated with each interface. The automatic de‐
tection of such interfaces requires a priori knowledge that implies a certain amount of user
intervention. In recent studies, substantial efforts have been dedicated to reduce the level of
user intervention during the IMT segmentation process. A review of the methods in this
area is presented by Molinari et al. [13], which address the main directions of research in the
field of IMT segmentation. The published methods in this area can be classified in three
classes: edge-based, dynamic programming and probabilistic IMT segmentation methods.
The edge based segmentation schemes aim to reconstruct the IMT complex from gradient
data and in this process prior knowledge relating to the intensity profiles is enforced in the
process of selecting the FWLI and FWMA interfaces. The early segmentation schemes that
addressed the identification and measurement of the IMT were based on semi-automatic
methods where the user intervention was critical to obtain accurate results. De Groot et al.
[14] analyzed the contribution of the patient and observer variability in the process of the
IMT measurement in serial carotid and femoral B-mode ultrasound scans. Through the use
of variance components analysis they found that 75% of the variance in the measurement of
the far-wall thickness could be attributed to the differences among patients and a 7% varia‐
bility recorded in the analysis of the mean IMT thickness was caused by the ultrasound
equipment. In a study presented by Selzer et al. [15], the initial IMT boundary position was
manually selected and this information was used to guide an IMT edge-based segmentation
process. Dwyer et al. [16] developed a semi-automatic IMT segmentation algorithm that was
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applied in B-mode ultrasound images. In the algorithm the average distance between the
FWLI and FWMA interfaces was used to approximate the IMT. A selection of the frames
used in this study was carried out by the user to ensure that there would be a clear identifi‐
cation of the interfaces.

Liguori et al. [17] proposed a multi-step semi-automatic IMT segmentation algorithm that
has been developed for the analysis of single frames B-mode ultrasound data. The first step
of their method involves the manual selection of the region of interest (ROI) followed by a
threshold procedure that is applied to set all pixels with intensity values lower than a pre-
defined threshold. The IMT detection entails an analysis of the intensity profiles associated
with the gradient data under the assumption that all pixels corresponding to the lumen are
anechoic and the image areas that define the tunica intima and tunica adventitia are the
most reflective arterial layers.

The two IMT interfaces are selected by analyzing the strength of the gradient in the direction
of the ultrasound beam, the FWLI interface corresponds to the first relative maximum, while
the FWMA is given by the second one. A similar approach was employed in [18,19], where
the authors also analyzed the pixel intensity profiles to detect the salient intensity transitions
that are characteristic for the two IMT interfaces. Ilea et al. [20] adopted a multiscale ap‐
proach that embeds a statistical shape model with the aim of identifying the two interfaces
that form the IMT without any user intervention. The developed algorithm was validated on
49 single frame B-mode ultrasound images and results were compared against manually an‐
notated data. Delsanto et al. [21] implemented a hybrid algorithm where active contours
were applied to refine the initial FWLI and FWMA estimates. The reported results indicate
the efficiency of this approach in reducing the level of outliers, but several problems that are
caused by the gaps in the IMT structure started to surface. The assumption that in longitudi‐
nal images of the carotid artery the IMT is defined by a pair of active contours was used in
subsequent contributions [22-26]. However, all contributions require a user interaction in the
process of initializing the active contours.

Gutierrez et al. [27] proposed a different semi-automatic active contour-based IMT segmen‐
tation algorithm where the edge information is extracted using a multiresolution approach.
The major objective of this paper was to measure the lumen diameter and the IMT and in
their experiments the authors assessed the performance of their semi-automatic algorithm
against the manually segmented ultrasound data using metrics such as the coefficient of var‐
iability and correlation.

Dynamic programming algorithms were proposed [28,29] as a computationally efficient alter‐
native to the standard heuristic search methods when applied in the context of boundary trac‐
ing, and due to their intrinsic properties they positioned as an attractive approach for IMT
segmentation. An example is represented by the work of Liang et al. [29] where the authors ad‐
dressed the IMT segmentation problem by adopting a multiscale approach. Rocha et al. [30] ap‐
plied a related segmentation scheme to more challenging ultrasound images that exhibit
arterial plaques. Their approach starts with the detection of the media adventitia layer by
searching for the best fit of a cubic spline to the edge data by taking into account the anatomical
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characteristics of the adventitia. This is followed by the segmentation of the lumen boundary
by applying a hybrid dynamic programming-based active contour technique.

A distinct category of algorithms relied on probabilistic schemes to identify the IMT interfa‐
ces such as the work of Destrempes et al. [31]. Their algorithm was developed based on the
assumption that the echogenicity of the region of interest where the IMT is located can be
modeled using a mixture of three Nakagami distributions and the parameters of the distri‐
butions are estimated using an expectation maximization (EM) algorithm. The proposed
method proved accurate but it requires user interaction for the ROI initialization.

The discussion will be continued with a technical presentation of an artery boundary seg‐
mentation method to measure lumen diameter and IMT.

2.3. Artery boundary enhancement

One of the first steps in to segment artery leading edges is to enhance such interfaces from
B-mode ultrasound images. To enhance border detection accuracy, a multiscale border iden‐
tification can be implemented using filters in the form of scaled convolution operators
[32,33]. The scale space of an image is constructed through convolution of the image with a
two-dimensional (2D) Gaussian density kernel with zero mean and standard deviation:
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where D denotes the dimension of the input domain. A blurred replica of the original image
is obtained by convolution with G(x→ ;σ) for a specific σ. The stack of images as a function of
increasing scale parameter σ is coined a linear scale space. Hence, as σ increases the detailed
object structures vanish while gross structures persist. Fig.2 shows the 2D gradient magni‐
tude calculated for a carotid vessel image (B-mode ultrasound) in three different scales.

a) b) c) d)

Figure 2. gradient magnitude calculated for a carotid vessel image (B-mode ultrasound) in three different scales: a);
b); c); d).
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applied in B-mode ultrasound images. In the algorithm the average distance between the
FWLI and FWMA interfaces was used to approximate the IMT. A selection of the frames
used in this study was carried out by the user to ensure that there would be a clear identifi‐
cation of the interfaces.

Liguori et al. [17] proposed a multi-step semi-automatic IMT segmentation algorithm that
has been developed for the analysis of single frames B-mode ultrasound data. The first step
of their method involves the manual selection of the region of interest (ROI) followed by a
threshold procedure that is applied to set all pixels with intensity values lower than a pre-
defined threshold. The IMT detection entails an analysis of the intensity profiles associated
with the gradient data under the assumption that all pixels corresponding to the lumen are
anechoic and the image areas that define the tunica intima and tunica adventitia are the
most reflective arterial layers.

The two IMT interfaces are selected by analyzing the strength of the gradient in the direction
of the ultrasound beam, the FWLI interface corresponds to the first relative maximum, while
the FWMA is given by the second one. A similar approach was employed in [18,19], where
the authors also analyzed the pixel intensity profiles to detect the salient intensity transitions
that are characteristic for the two IMT interfaces. Ilea et al. [20] adopted a multiscale ap‐
proach that embeds a statistical shape model with the aim of identifying the two interfaces
that form the IMT without any user intervention. The developed algorithm was validated on
49 single frame B-mode ultrasound images and results were compared against manually an‐
notated data. Delsanto et al. [21] implemented a hybrid algorithm where active contours
were applied to refine the initial FWLI and FWMA estimates. The reported results indicate
the efficiency of this approach in reducing the level of outliers, but several problems that are
caused by the gaps in the IMT structure started to surface. The assumption that in longitudi‐
nal images of the carotid artery the IMT is defined by a pair of active contours was used in
subsequent contributions [22-26]. However, all contributions require a user interaction in the
process of initializing the active contours.

Gutierrez et al. [27] proposed a different semi-automatic active contour-based IMT segmen‐
tation algorithm where the edge information is extracted using a multiresolution approach.
The major objective of this paper was to measure the lumen diameter and the IMT and in
their experiments the authors assessed the performance of their semi-automatic algorithm
against the manually segmented ultrasound data using metrics such as the coefficient of var‐
iability and correlation.

Dynamic programming algorithms were proposed [28,29] as a computationally efficient alter‐
native to the standard heuristic search methods when applied in the context of boundary trac‐
ing, and due to their intrinsic properties they positioned as an attractive approach for IMT
segmentation. An example is represented by the work of Liang et al. [29] where the authors ad‐
dressed the IMT segmentation problem by adopting a multiscale approach. Rocha et al. [30] ap‐
plied a related segmentation scheme to more challenging ultrasound images that exhibit
arterial plaques. Their approach starts with the detection of the media adventitia layer by
searching for the best fit of a cubic spline to the edge data by taking into account the anatomical
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characteristics of the adventitia. This is followed by the segmentation of the lumen boundary
by applying a hybrid dynamic programming-based active contour technique.

A distinct category of algorithms relied on probabilistic schemes to identify the IMT interfa‐
ces such as the work of Destrempes et al. [31]. Their algorithm was developed based on the
assumption that the echogenicity of the region of interest where the IMT is located can be
modeled using a mixture of three Nakagami distributions and the parameters of the distri‐
butions are estimated using an expectation maximization (EM) algorithm. The proposed
method proved accurate but it requires user interaction for the ROI initialization.

The discussion will be continued with a technical presentation of an artery boundary seg‐
mentation method to measure lumen diameter and IMT.

2.3. Artery boundary enhancement

One of the first steps in to segment artery leading edges is to enhance such interfaces from
B-mode ultrasound images. To enhance border detection accuracy, a multiscale border iden‐
tification can be implemented using filters in the form of scaled convolution operators
[32,33]. The scale space of an image is constructed through convolution of the image with a
two-dimensional (2D) Gaussian density kernel with zero mean and standard deviation:
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where D denotes the dimension of the input domain. A blurred replica of the original image
is obtained by convolution with G(x→ ;σ) for a specific σ. The stack of images as a function of
increasing scale parameter σ is coined a linear scale space. Hence, as σ increases the detailed
object structures vanish while gross structures persist. Fig.2 shows the 2D gradient magni‐
tude calculated for a carotid vessel image (B-mode ultrasound) in three different scales.
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Figure 2. gradient magnitude calculated for a carotid vessel image (B-mode ultrasound) in three different scales: a);
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Based on these features a scaled artery image is used to identify the approximated position
of the near and far walls. Two complementary images are obtained based on the gradient
value in y-direction: one that enhances pixel values transitions from high to low echoes,
such as edges encountered in near wall tissue interfaces, and other that enhances pixel val‐
ues transitions from low to high echoes (such as edges encountered in far wall tissue interfa‐
ces). Fig. 3 shows the boundary enhancement of the near and far wall.

a) b)

Figure 3. Boundary enhancement of the near wall a) and far wall b)

2.4. Contour modeling

The contour of each wall can be modeled following the Geometrically Deformed Model pro‐
posed by Lobregt and Viergever [34]. In this model, a set of vertices connected by straight
line segments or edges forms the basic contour structure (Fig. 4).
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Figure 4. Contour model consisting of a set of vertices V i which are connected by segments or edges.
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In Fig. 4, the position of a vertex Vi is represented by a vector pi, and the edge between Vi

and Vi+1 by a vector di. The contour deformation is caused by a combination of forces which
act on the vertices. The resulting acceleration in vertex Vi is denoted by a vector ai.

The contour local curvature at a vertex Vi is defined as the difference between the directions
of the two edge segments that join at that location:

1
ˆ ˆˆi i ic d d -= - (2)

The local tangential unit vector is defined as the normalized sum of the unit vectors of two
joining edge segments:
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The local radial direction at a vertex Vi is obtained from t̂ i by a rotation over π 2 radians:
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2.5. Dynamic force formulation

In the model definition, the dynamic in each vertex Vi must satisfy the Newton´s second law,

int, , ,i i ext i damp i

i i i

F F F F
F am

= + +

=
(5)

Where μi is a coefficient that has a mass unit, Fdamp,i, Fint,i  and Fext ,i  and are the damping (or
viscous), the internal and the external forces, respectively.

The internal force can be estimated from the local contour curvature along the local r-axis :

( )int, ˆi i iF c r= × (6)

The external force acting in each vertex can be approximated by some image feature. In this pa‐
per we used the information obtained from the local image gradient as the external force.

The damping force is proportional to the velocity of the vertex and points in opposite direction:

, .damp i iF k v» - (7)

The total force Fi acting on a vertex is a weighted combination of damping, internal and exter‐
nal forces :
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Based on these features a scaled artery image is used to identify the approximated position
of the near and far walls. Two complementary images are obtained based on the gradient
value in y-direction: one that enhances pixel values transitions from high to low echoes,
such as edges encountered in near wall tissue interfaces, and other that enhances pixel val‐
ues transitions from low to high echoes (such as edges encountered in far wall tissue interfa‐
ces). Fig. 3 shows the boundary enhancement of the near and far wall.
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Figure 3. Boundary enhancement of the near wall a) and far wall b)

2.4. Contour modeling

The contour of each wall can be modeled following the Geometrically Deformed Model pro‐
posed by Lobregt and Viergever [34]. In this model, a set of vertices connected by straight
line segments or edges forms the basic contour structure (Fig. 4).
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In Fig. 4, the position of a vertex Vi is represented by a vector pi, and the edge between Vi

and Vi+1 by a vector di. The contour deformation is caused by a combination of forces which
act on the vertices. The resulting acceleration in vertex Vi is denoted by a vector ai.

The contour local curvature at a vertex Vi is defined as the difference between the directions
of the two edge segments that join at that location:
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Where μi is a coefficient that has a mass unit, Fdamp,i, Fint,i  and Fext ,i  and are the damping (or
viscous), the internal and the external forces, respectively.

The internal force can be estimated from the local contour curvature along the local r-axis :

( )int, ˆi i iF c r= × (6)

The external force acting in each vertex can be approximated by some image feature. In this pa‐
per we used the information obtained from the local image gradient as the external force.

The damping force is proportional to the velocity of the vertex and points in opposite direction:

, .damp i iF k v» - (7)

The total force Fi acting on a vertex is a weighted combination of damping, internal and exter‐
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int int, , ,i i ext ext i damp damp iF w F w F w F= + + (8)

where wint, wext   and wdamp are the weighting factors.

The deformation process over the contour is implemented as a numerical time integration
process in which the complete state of the contour is calculated at a sequence of discrete po‐
sitions in time [34]. A set of state equations controls the deformation process in terms of po‐
sition, velocity and acceleration of each vertex on the contour:
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Where pi(t + Δt), vi(t + Δt) and ai(t + Δt) define the position, velocity and acceleration, re‐
spectively, of the vertex in a incremental time Δt . The vertex mass, mi, is setting constant for
all vertices and the resulting force, Fi, is calculated using equation (8).

Fig. 5 shows the result of the deformation of the active contours during the process of detec‐
tion the FWLI and FWMA in two patients in systole and diastole. The vessel’s lumen diame‐
ter and IMT can be obtained by automatic measurement of the distance between segments
estimated from the linear regression of the contours in each interface.

Figure 5. The detection of FWLI and FWMA using active contours in two patients during systole and diastole (in red)
and the automatic measurement of the distance between segments obtained from the linear regression (in green) of
the contours in each interface.

Medical Imaging in Clinical Practice240

2.6. Vascular blood velocity and flow

As presented in the previous sections, B-mode ultrasound is capable of reliably and accu‐
rately imaging peripheral arteries and can be used for vessel diameter measurement. Ultra‐
sound signals have also been extensively used in clinical sites by exploiting Doppler effect to
measure vascular blood velocity and flow.

The Doppler effect refers to an increase or decrease in the frequency of a wave that is travel‐
ing toward or away from the observer, respectively. This principle is applied in Doppler ul‐
trasound to measure the direction and velocity of blood flow in the vessels. The relationship
between the Doppler shift and blood flow velocity is:
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c f f

v
f q
-

= (10)

where c is the speed of sound in blood (1540 m/s), θ is the angle between the ultrasound
beam and the direction of blood flow, and f  and f 0 are the frequencies of the transmitted
and returned signals, respectively. Due to the angle dependency, alignment of the ultra‐
sound beam parallel with the direction of blood flow is essential to obtain accurate flow esti‐
mates.

In vascular studies using commercial ultrasound equipment, a spectrum of frequencies re‐
lated to the different velocities of the blood cells is presented as a curve of velocity versus
time (Fig. 6). This information can reveal important relationships between the frequency
spectral pattern along the cardiac cycle and the presence of cardiovascular diseases [7-10].

Figure 6. Typical screen of an ultrasound system showing a curve of vessel’s blood velocity versus time.
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2.6. Vascular blood velocity and flow
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sound signals have also been extensively used in clinical sites by exploiting Doppler effect to
measure vascular blood velocity and flow.

The Doppler effect refers to an increase or decrease in the frequency of a wave that is travel‐
ing toward or away from the observer, respectively. This principle is applied in Doppler ul‐
trasound to measure the direction and velocity of blood flow in the vessels. The relationship
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and returned signals, respectively. Due to the angle dependency, alignment of the ultra‐
sound beam parallel with the direction of blood flow is essential to obtain accurate flow esti‐
mates.

In vascular studies using commercial ultrasound equipment, a spectrum of frequencies re‐
lated to the different velocities of the blood cells is presented as a curve of velocity versus
time (Fig. 6). This information can reveal important relationships between the frequency
spectral pattern along the cardiac cycle and the presence of cardiovascular diseases [7-10].

Figure 6. Typical screen of an ultrasound system showing a curve of vessel’s blood velocity versus time.
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However, commercial ultrasound systems are primarily dedicated to get instantaneous data
for individual patients, and they have, in general, low flexibility to perform large-scale re‐
searches. Thus, to make this kind of study easier in clinical protocols involving hundreds of
patients, computational tools have to be developed to extract quantitative data from spectral
display of Doppler ultrasound images.

Higa et al. [35] proposed a methodology used to extract blood velocity and flow automati‐
cally from images of the type shown in Fig. 6. A brief description of the method proposed is
presented below.

After two steps defined by the user: calibration and selection of the region of interest (ROI),
a Gaussian filter (σ=1 pixel, precision ≥  90%) can be applied to the grayscale input image to
attenuate high frequency noise.

The detection process of the time axis (‘X’) considers the smallest variation of the pixels
intensities occurs in the horizontal direction. Thus, equations (11), (12) and (13) calculates
the ordinate ‘y’ expected for the axis ‘X’, which will be the reference (0 m/s) to the veloci‐
ty calculation.
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where I(i, j) is the image intensity (grayscale level) at i and j coordinates; m is the image
width (in pixels); ymin and ymax are, respectively, the ordinates of the superior and inferior
lines that delimit the rectangular ROI defined by the user; z is an empirical pre-defined
threshold to reject the graphic background;

The image can be transformed to a binary image depending on a threshold level that can be
defined by the user. After image binarization, a median filter (size: 3 x 3 pixels) can be ap‐
plied to edge smoothing and spurious suppression.

An envelope detection step can be initialized with horizontal lines at the top and at the bot‐
tom of the ROI. Each point of these lines is moved down or up to the border of the binary
curve. Then, the algorithm holds either the superior or the inferior contour (Fig. 7), assum‐
ing that, in general, the desired one has higher amplitude variation.

Finally, after automatic detection of the peaks (Fig. 7), the algorithm can compute the mean
peak velocity (V̄ P), the mean envelope velocity (V̄ N ) and the velocity time integral (VTI ),
according to the equations (14), (15) and (16), respectively.
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Figure 7. Detection of the axis ‘X’, envelope (by superior or inferior contour) and peaks in the vessel’s blood velocity
vs. time curve.
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where Pis the total number of peaks detected in the curve; N  is the total number of pixels in
the curve; XCal  and YCal  are the calibrations in pixels for the time and the velocity axes,
respectively; A is the amplitude in pixels for each point in the curve.

In addition, if B-Mode images are available, an arterial wall interface detection module can
determine the vessel diameter and the mean peak blood flow (ϕ̄P) and the mean blood flow

(ϕ̄N ) can be estimated using (16) and (17).
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where V̄ P  is the mean peak velocity obtained by equation (14); V̄ N  is the mean velocity ob‐
tained by equation (15); Dmax and Dmin are de vessel’s maximum and minimum diameters;

3. Clinical applications

3.1. Automatic IMT measurement

The method presented in the previous section can be used in clinical applications to assess
large sequences of 2D+time B-mode ultrasound images of the CCA. We performed an ex‐
periment that comprised the analysis of 180 images from 30 patients (3 images in diastole
and 3 images in systole for each patient), all of which included manually defined interfaces
for reference. The minimum and maximum artery diameters were measured for each patient
using the manual and the automatic procedure.

In order to study the variability between the automatic and manual definition of artery
boundaries, the pooled mean, μ̄ , and the standard deviation, σ, for the difference between
automated and manual measurements of lumen diameter were computed. The coefficient of
variation (CV ) was calculated according equation (19).
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The strength of the relationship between automated and manual methods is indicated by the
correlation, Ra,m, between the two measurements:
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where Cova,m is the covariance between the automated and manual measurements. σa and σm

are the standard deviation of automated and manual measurements, respectively.

Means (μa,m) and standard deviations (σa,m) for the differences between the automatic and
manual methods were calculated for the population (n=30). The coefficients of variability
(CVa,m) and the correlation (Corra,m) between both methods were also obtained.

The results obtained for the parameters μa,m,  σa,m  ,  CVa,m  and Corra,m  are summarized in
Table 1.
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Automatic

μa ± σa (mm)

Manual

μm ± σm (mm)

Difference Δ

μa,m ± σa,m (mm)
Variability

CV (%)

Correlation

Corra,m

Lumen Diameter

diastole)
7,85 ± 1,01 7,78 ± 1,01 0,13 ± 0,09 0,83 0,99

Lumen Diameter

(systole)
6,81 ± 1,06 6,77 ± 1,05 0,12 ± 0,10 1,00 0,99

Intima Media

Thicknes
0,72 ± 0,14 0,63 ± 0,12 0.09 ± 0,06 6,16 0,90

Table 1. Lumen diameter (LD) and Intima-Media thickness measured using automatic and manual methods (n=30).
The difference (Δ), the coefficient of variability (CV ) and the correlation (Corra,m) between both measurements are
also presented.

A comparative analysis between commercial ultrasound systems operated by specialists and
the method presented in the previous section to measure blood velocity and flow automati‐
cally can be performed. A new experiment was performed using systolic mean peak veloci‐
ties (102 samples) and velocity time integrals (75 samples) of common carotid and brachial
arteries under basal condition, brachial arteries in the reactive hyperemic response and
echocardiographic exams. Table 2 shows the number of images and samples used in this
analysis.

Artery
Number of

images

Number of samples

Peak velocity
Velocity time

integral

Common carotid arteries 30 39 31

Brachial arteries under basal condition 23 35 24

Brachial arteries in the reactive hyperemic response 10 15 15

Echocardiographic exams 11 13 5

Total 74 102 75

Table 2. Composition of samples used to validate the methodology.

According to the procedure described in the previous section, the peak velocities measured
from the carotid arteries were negative (average: -0.59 m/s), while from the brachial arteries
under basal condition, as well as in the reactive hyperemic response, the peak velocities
were positive (averages: 0.63 m/s and 1.18 m/s, respectively). In the echocardiographic im‐
ages the measurements were either positive or negative and the average of the absolute val‐
ues was 1.48 m/s.

Similarly, positive or negative velocity time integrals were dependent on the exam type.
However, the number of cardiac cycles used to get these measurements was not standar‐
dized, leading to a range of the samples, from -150 to 91 cm.
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Fig. 8 shows Bland-Altman’s [36] and Linear Regression graphics for the systolic peak veloc‐
ity analysis, where ‘A’ refers to the measurements done with a commercial ultrasound sys‐
tem and ‘B’ refers to the methodology described in section 2.6. Bias, standard-deviation,
correlation coefficient, and linear equation results are presented in Table 3. Like peak veloci‐
ty, Figure 9 and Table 4 were obtained for velocity time integral analysis.

Figure 8. Bland-Altman’s (up) and Linear Regression (down) analysis of the systolic peak velocity (102 samples) meas‐
ured by the ultrasound system and by the proposed methodology.

Systolic Peak Velocity (N=102)

Bias (m/s) sd (m/s)
rAB

(p<0.001)
Linear Regression Equation

0.02 0.05 0.9985 A = 0.9938*B – 0.0190

Table 3. Summary of systolic peak velocity statistics.
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Figure 9. Bland-Altman’s (left) and Linear Regression (right) analysis of the VTI (75 samples) measured by the ultra‐
sound system and by the proposed methodology.

VTI (N=75)

Bias (cm) sd (cm)
rAB

(p<0.001)
Linear Regression Equation

1.25 3.86 0.9984 A = 1.030*B – 0.9287

Table 4. Summary of VTI statistics.

4. Conclusion

Measurements of lumen diameter (LD) and intima-media thickness (IMT) of carotid, bra‐
chial and femoral arteries from B-mode ultrasound are defined as the average distance of
interfaces between vessel tissue layers. In order to determine the interfaces location, manual
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tracing is commonly used. However, this approach is a time consuming procedure and
based on subjective operator assessment. Besides, it inevitably results in inter and intra-ob‐
server variability due to the complex nature of the echogenic zones, especially at the lumen-
intima interface, which frequently present weak echoes, echo dropouts and irregularities
caused by scattering.

In this chapter, we have reviewed some methods for automatic or semi-automatic interface
detection and presented in detail an approach that uses the active contour technique. In this
technique, external forces are proportional to the local image gradient obtained from a mul‐
tiscale analysis. The automated measurements, when compared to those obtained by man‐
ual tracing, are equally accurate and the coefficients of variability between both methods are
below 1,0% for Lumen Diameter and 6,5% for IMT thickness measurements.

Vascular blood velocity can be measured by using Doppler effect, and if lumen diameter is
available the blood flow can also be estimated. However, commercial ultrasound systems
are primarily dedicated to get instantaneous data for individual patients, and they have, in
general, low flexibility to perform large-scale researches. Thus, to make this kind of study
easier in clinical protocols involving hundreds of patients, computational tools have to be
developed to extract quantitative data from spectral display of Doppler ultrasound images.

We briefly presented a methodology to extract automatically blood velocity and flow from
Doppler ultrasound images that permits extensive clinical studies. The small bias and high
correlation for both, peak velocity and VTI, indicate the reliability of this methodology and
these findings are better than those presented by Tschirren et al. [37] (bias: 0.40 m/s for peak
velocity and 7 cm for VTI), though their results refers to a dilatation study of the brachial
artery, where data values were about ten times higher than the present study.

It is important to note that for VTI statistics shown in Table 4, the threshold used to get the
binary image was 60, instead of the default 40 used to extract the systolic peak velocity. This
change was motivated by the higher bias (1.70 cm) and standard deviation (6.78 cm) ob‐
tained with the default value for VTI. Despite these numerical results, it is not possible to
conclude that the threshold of 60 is more appropriate than 40, since the human operation to
get measurements using the ultrasound equipment may also be subject to systematic errors
and deviations. For instance, visual results showing the envelopes drawn on the blood ve‐
locity graphics point that, by using the proposed methodology (Fig. 7), the envelope line is
more refined than that obtained by manual operation of an ultrasound system (Fig. 6). In the
latter case the user does not notice or simply disregards small image brightness variations,
which means that this procedure is highly dependent on the user’s subjective evaluation
and it is hardly reproducible.

By processing a diversity of common carotid, brachial and echocardiographic Doppler im‐
age samples, collected from four different commercial ultrasound systems, the proposed
methodology to measure peak velocity and VTI was validated by the Bland-Altman’s analy‐
sis and by the correlation coefficient. Visual analysis also confirmed that the spectrum enve‐
lope detection is very satisfactory.
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The methodology was implemented in a user friendly graphical interface that has a semi-
automatic characteristic. The delivery of this tool was intended to help clinicians in their
studies based on Doppler ultrasound images with the following advantages: to save opera‐
tional time, to lower subjective results, and to support measurement reproducibility.

However, ultrasound is still an observer-dependent modality in which the image quality de‐
pends on an experienced observer, appropriated technique and equipment. Automated sys‐
tems and algorithms which can improve measurement accuracy and reproducibility,
without the observers input, still remains an open area of study and research.
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1. Introduction

Noninvasive imaging plays a central role in the diagnosis of heart failure, assessment of
prognosis, and monitoring of therapy. Cardiovascular magnetic resonance (CMR) offers a
comprehensive assessment of heart failure patients and is now the gold standard imaging
technique to assess myocardial anatomy, regional and global function, and viability. Fur‐
thermore, it allows assessment of perfusion and acute tissue injury (edema and necrosis),
whereas in nonischemic heart failure, fibrosis, infiltration, and iron overload can be detected
[1]. The American College of Cardiology/American Heart Association have recently updated
their guidelines for imaging techniques used to assess patients with HF [2]. According to it,
two-dimensional echocardiography is currently the imaging modality most commonly used
in clinical practice to meet the ACCF/AHA requirements. It provides a good general assess‐
ment of LV function but is limited in patients with poor acoustic windows, it requires geo‐
metric assumptions in quantifying global LV systolic function, and its ability to provide
specific tissue characterization is modest. CMR is the gold standard to LV and RV global
and regional dysfunction, dilation, viability and what is the underlying etiology of HF. CMR
makes it particularly well suited to studying the RV, which is difficult to assess with echo‐
cardiography.

The CE-MARC study [3,4] defines the role of Cardiac MR: 752 patients with suspected heart
disease were recruited and scheduled for MR and SPECT as well as for an X-ray coronary
angiogram used as the reference standard. Angiography identified 39% of the patients with
CAD. Cardiac MR had a sensitivity and specificity of 86.5% and 83.4%, respectively. In com‐
parison, SPECT delivered a sensitivity and specificity of 66.5% and 82.6 %, respectively. Via‐
bility/post-myocardial infarction scarring can be described with unprecedented resolution,
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and highly specific patterns of fibrosis and scarring have been described for many nonische‐
mic cardiomyopathic processes. DE-CMR appears to offer advantages in detecting small or
subendocardial infarcts with high accuracy and is well validated. Late studies showed that
the sensitivity of DE-CMR increased with increasing gadolinium dose, reaching 99% and
94% in acute and chronic MI, respectively. These surveys have shown that unrecognized
MIs are common, comprising as many as 40% to 60% of all MIs.

Nearly one-half of HF patients have abnormalities in diastolic function with preserved ejec‐
tion fraction CMR can assess diastolic function in several ways. In an analogous manner to
echocardiography, MR tagging is a sophisticated method for quantitative analysis of region‐
al systolic and diastolic function.

2. Background

Cardiac MR is increasingly becoming the modality of choice in the diagnosis of coronary
and cardiac disease. The aim of this guide is to cover the most frequent conditions encoun‐
tered, highlight technical issues, differential diagnoses, and the most common pitfalls found
when diagnosing patients.

Cardiovascular disease is the most frequent cause of mortality in the developed world. Al‐
though diverse, many techniques exist for diagnosing cardiac diseases, and it is frequently
necessary to request several tests to reach a conclusive diagnosis. Magnetic resonance (MR)
is a well tolerated and safe technique, which is currently available in a majority of hospitals.
This technique makes it possible in a single exploration to study the anatomy of the heart,
allowing qualitative, semi-quantitative, and quantitative assessments to be made of the pa‐
rameters of cardiac anatomy and function. It provides information of cardiac and vascular
anatomy and function in complex congenital and acquired cardiopathies. With the adminis‐
tration of intravenous contrast, it also enables us to visualize the extent of ischemic cardio‐
pathies and assess myocardial viability. As such, cardiac magnetic resonance is emerging as
one of the most promising techniques for the study of congenital and acquired cardiac path‐
ology.

According to the American College of Cardiology [1], the proposed indications for CMR
Imaging in patients with Heart Failure are:

• Serial assessment of biventricular structure, size, and function (anatomy, LV/RV volumes,
global and regional systolic function, mass)

• Evaluation of native and prosthetic cardiac valves (planimetry of stenotic disease, estima‐
tion of peak stenotic velocities and gradients, quantification of regurgitant disease)

• Evaluation of cardiac masses, differentiation between tumour and thrombus

• Evaluation of great vessels and pulmonary veins
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• Determination of the location and extent of acute (including no-reflow regions) and
chronic myocardial necrosis

• Viability assessment before revascularization (LGE or low-dose dobutamine)

• Determination of the area at risk in patients with acute myocardial infarction and the sal‐
vageable area post-revascularization with percutaneous coronary intervention

• Identification of the presence and quantification of the extent of inducible ischemia (vaso‐
dilator perfusion or high-dose dobutamine stress CMR)

• Evaluation of suspected anomalous coronary origins (MR coronary angiography)

• Differentiation of ischemic versus non-ischemic cardiomyopathy

• Evaluation of myocarditis

• Evaluation of specific cardiomyopathies (in vivo tissue characterization)

• Dilated cardiomyopathy

• Hypertrophic cardiomyopathy

• Arrhythmogenic right ventricular cardiomyopathy

• Cardiac amyloidosis

• Cardiac sarcoidosis

• Anderson-Fabry disease

• Iron overload cardiomyopathy

• Left ventricular noncompaction

• Other less common diseases (e.g., Chagas disease, endomyocardial fibrosis, Churg-
Strauss syndrome, and so on)

• Assessment of mechanical dyssynchrony before resynchronization therapy

• Patients with technically limited images from echocardiogram

• Discordant information that is clinically significant from prior tests

3. A survival guide to cardiac MRI

3.1. Protocol

a. Sequences: SE (black blood), gradient ECHO: CineMRI, perfusion, viability, flow quan‐
tification, motion tagging, and others.

The Top Ten Cases in Cardiac MRI and the Most Important Differential Diagnoses
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b. Planes: SA, 2CH, 3CH, 4CH, inflow and outflow.

c. How to review:

• Structure (size, thickness)

• Function (motility, volumes, EF, cardiac output)

• Valves (morphology, flow)

• Ischemia: T2 STIR, perfusion first pass and stress, viability (DHE)

3.2. Sequences

BLACK BLOOD: SE (Spin echo) is the most suitable sequence to analyze the morphology of
the heart and great vessels. The blood is black and fat is white. Variations are fast (or turbo).
Spin echo (FSE or TSE) allows the acquisition of an entire image in a single heartbeat.

Figure 1. Protocol cardiac MR. Timeline and potential components of a multitechnique CMR examination for Cardiac
imaging. 2D=2-dimensional; 3D= 3-dimensional; CMR= cardiovascular magnetic resonance; MI= myocardial infarction;
MRA= magnetic resonance anglography; SNR= signal-to-nolse ratio.
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Figure 2. T1 Black Blood image using SENSE aortic outflow plane: coarctation of the aorta.

WHITE BLOOD: GE (Gradient echo). Blood and fat appear white. Variations: b-SSFP (bal‐
anced Steady-State Free Precession Imaging), FLASH and velocity mapping. b-SSFP cine se‐
quence can also be applied 2D (single shot), as a real time technique (does not require breath
holding or ECG triggering) and 3D volume scan.

Figure 3. b-SSFP: 2 CH short axis: measure thickness RV and LV. Normal thickness RV 3mm LV 10-12mm.

Figure 4. b-SSFP cine (diastole and systole): Global and segment analysis of movement and thickness.
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It is used to analyze global and regional cardiac function, detecting abnormal flow, such as
jets from stenoses of the valves or insufficiency, to study flows and quantify the degree of
stenosis and regurgitation, to quantify Qp:Qs between pulmonary and systemic flow, and is
also useful in detecting congenital malformations. CineMR: To analyze the contractility of
the heart wall. Analysis is performed for each segment (hypokinesia, akinesia, dyskinesia):
There must also be evidence of wall thickening.

We can see jets (turbulent flow) in the valves or from the outflow of left or right ventricles.

- AV valves:

• Insufficiency or regurgitation, if the flow of the jet is directed into the ventricles.

• Stenosis: the flow of the jet originates from inside the ventricles.

- Aortic and pulmonary valves:

• Insufficiency, the flow of the jet is directed into the ventricles

• Stenosis: the origin of the jet comes from outside the ventricles from the vessels.

Figure 5. Plane aortic valve (bicuspide aortic valve) and plane outflow LV with yet of aortic insufficiency

Figure 6. Q-Flow magnitude and phase encoding (velocity mapping): bicuspid aortic valve with regurgitation
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VELOCITY MAPPING (Flow velocity mapping):

• Detect and quantify peak velocity in valvular stenosis.

• Calculate overflow in a mayor vessel through the cardiac cycle

• Quantification in regurgitation or valvular incompetence.

• Confirm abnormal chamber communication and the ratio of pulmonary to systemic flow
in shunts, such as septal defects.

• Determine the average velocity: The operator selects the plane and sets a maximal encoding
velocity (VENC), the initial VENC used is an approximation upper of the velocity expected.

INVERSION RECOVERY TECHNIQUE AND CONTRAST ENHANCEMENT MR (CE-MR):
Uses a pre-pulse to create high T1 tissue contrast to visualize infarct imaging (black myocar‐
dium), compound of gadolinium (Gd-DTPA) to detect insufficient perfusion in first pass,
followed by a delayed DHE to detect scar or inflammatory changes (white myocardium in
infarct, myocarditis and infiltrative diseases.) Stress MR can be obtained using adenosine or
dobutamine as chemical stressors.

Furthermore, this can be used to evaluate cardiovascular physiology and anatomy, charac‐
terize tissues, and vascular angiography.

Figure 7. Early Enhancement Perfusion Short Axis SENSE (TR: 2, TE: 1)

Figure 8. DHE Late contrast enhancement 8 minutes after injection of Gadolinium. Apical enhancement: scar of inferi‐
or infarction.
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OTHERS:

• Contrast-enhanced MR angiography: study of aortic aneurism and dissection, congenital
anomalies of great vessels, vasculitis evaluation, central thoracic veins, pulmonary artery
anatomy, postsurgical follow-up and contraindications to computed tomography

• TAGGING IMAGING: Measurement the contractility of myocardium; T2 STIR: In edema,
and T2* for quantification of haemochromatosis; Sequences fat suppression (SPIR), etc

3.3. Planes in cardiac imaging

Figure 9. Protocols for cardiac imaging: a,b,c. Rapid pilot scans in the 3 orthogonal planes (axial, coronal and sagittal)
in a breath-hold, FSE 1 imaging per cardiac cycle; d. Anatomical coverage from the diaphragm up to the thoracic inlet
into the 3 orthogonal planes.

3.3.1. Specific standard cardiac planes (intrinsic) with GE cines and SE sequences

From the axial plane:

• 2CH (2 chamber) and LA (ventricular long axis) to acquire HA (horizontal long axis), in‐
flow (mitral plane) and outflow (aortic plane)

• SA (Short Axis): inflow HA and 4CH (4 chambers).

• Real 4CH: from SA (short axis) between papillary muscles and inflow LA (mitral valve)

• 3CH (3 chambers): from LA and perpendicular aortic valve.

Medical Imaging in Clinical Practice260

Figure 10. Ventricles size and wall thickness measurement procedure. First and second images: 2CH LA apex 3mm, SA
lateral wall and septum 10-12 mm; Third image: 4CH LV size 50mm

3.3.2. Target CMR with additional planes and sequences, such inversion recovery

Sagittal, coronal or oblique planes, LV and RV outflow, valves plane, etc.

3.4. Topics to review

3.4.1. Structure

Size is measured in 4CH in systole and in diastole. Size of chambers in systole and diastole
(ant-post): LV 50mm, RV 32mm and LA (left atrium) inferior a 40mm.

The thickness of the wall is measured (end of diastole) in SA (basal and middle) and LA (ap‐
ical). Left ventricle 10-12mm (< 15mm hypertrophy) and right ventricle > 6mm.

3.4.2. Function

CINE SA and LA:

REGIONAL FUNCION:

Visual assessment of wall motion patterns using cardiac short axis b-SSFP cine: End- diastol‐
ic, mid- diastolic and end-systolic.

• Normokinesia: normal wall motion.

• Hypokinesia: Decreased wall motion.

• Akinesia: absent wall motion.

• Dyskinesia: wall motion in the opposite direction.

• Hyperkinesia: increased wall motion.

GLOBAL FUNCION:
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CINE MRI SA and LA using b-SSFP is probably the best technique to quantify ventricu‐
lar volumes, function, and mass.  The most commonplace is the Simpson method: draw‐
ing  epicardial  and  endocardial  borders  of  LV  in  systole  and  diastole,  this  can  also  be
used for the RV.

The following items are to be analyzed:

• LV undergoes a circumferential and longitudinal ventricular shortening and an extensive
wall thickening during systole. The sequence allows the obtention of the ejection fraction
(EDV – ESV = SV (mL); SV/EDV = EF (%).

• Ventricular mass to be measured in diastole.

Male Female

LV RV LV RV

EDV (end diastolic volume) 77-195 88-227 52-141

ESV (end systolic volume) 19-72 23-103 12-51

SV (systolic volume) 51-133 52-138 33-97

EF (%)(ejection fraction) 56-78 47-74 56-87

Mass index (g/m2) < 113 < 36 < 95 < 33

Table 1. Parameters of ventricular function in the population.

3.4.3. Study valves

CINE: jet and direction. Stenosis: through chamber and regurgitation through proximal
chamber.

VELOCITY MAPPING: Imaging plane perpendicular to the vessel.

• Quantification volume in both ventricles in SA. N 1:1

• Quantitative velocity mapping: Flow measurement, LV and RV outputs quantification
and comparison with ascending aorta and pulmonary trucks.

• Ventricular function EF ejection fraction.

3.4.4. Study ischemia

- T2 STIR: Hyperintensity in edema. It could appear in acute infarct or myocarditis.

- PERFUSION:

• FIRST PASS or EGE (early Ga enhancement): ischemic areas no enhancement. Stress per‐
fusion with adenosine or dobutamine: Induced ischemia (revascularizable)

• VIABILITY or DHE (delayed enhancement) or LGE (late Ga enhancements) after 10-20
min Ga in interstitial space. This is present in an acute infarct because of edema and rup‐
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ture of the membrane, and in chronic infarcts due to scarring of the tissue. Necrosis (“The
White is dead”) is typically ischemic, and occurs within the endocardium or can be trans‐
mural, and extend across the entire wall.

- INVERSION RECOVERY TECHNIQUE AND CONTRAST ENHANCEMENT MR (CE-
MR). This uses a pre-pulse to create high T1 tissue contrast to visualize infarct imaging
(black myocardium) and chelats of gadolinium (Gd-DTPA) to detect damage in PERFU‐
SION in first pass and delayed at 10 mins DHE to detect scarring or inflammatory changes
(white myocardium in infarct, myocarditis, infiltrative diseases...). Also be can be used with
Stress MR using adenosine or dobutamine.

Table 2. Evaluation of CAD (Coronary artery disease) with cardiac MRI

Figure 11. SSFP Cine: enormous aneurism with thrombus in the wall. Huge dilatated LV 163ml/m2. Systolic dysfunc‐
tion FE 20%. On the right: GDHE apical and inferior aneurism (no enhancement) with apical thrombus. Transmural
inferior myocardium.enhancement suggest microvascular obstruction
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Figure 12. Types of DHE in ischemic cardiopathy: (1) Subendocardial infarction: enhancement only in endocardium
and thinness of wall; (2) Transmural infarction: enhancement all the thickness of the inferior wall; (3) No-reflow; (4)
Occlusive infarction.

“The no reflow phenomenon”: Early DHE 5-7mins could be transient: This pattern repre‐
sents a transmural infarction, in which the reperfusion was only partially successful, with a
residual lack of reperfusion at the tissue level. This can show evidence of important edema
or necrosis with microvascular damage, and predicts against a functional recovery.

Non-reperfused occlusive infarcts: DHE Peripheral enhancement surrounding a dark core of
non-perfused myocardium.

4. The top 10 cases

4.1. Ischemic cardiopathy

In patients with known or suspected myocardial infarction (MI), cardiovascular magnetic
resonance (CMR) provides a comprehensive, multifaceted view of the heart.
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Recent multicenter clinical trial indicates that delayed-enhancement cardiac magnetic reso‐
nance imaging (DE-CMR) is a well-validated, robust technique that can be easily imple‐
mented on scanners that are commonly available worldwide with an effectiveness that
clearly rivals the best available imaging techniques for the detection and assessment of acute
and chronic MI. When patients present with symptoms outside the usual diagnostic win‐
dow of cardiac troponins, DE-CMR may be especially useful. Moreover, because DE-CMR
can uniquely differentiate between ischemic and various nonischemic forms of myocardial
injury, it may be helpful in cases of diagnostic uncertainty, such as in patients with classical
features of MI, in whom coronary angiography does not show a culprit lesion. Even once a
diagnosis of MI has been made, CMR can also provide clinically relevant information such
as identifying residual viability, microvascular damage, stunning, and right ventricular in‐
farction. In addition, post-MI complications, including left ventricular thrombus and peri‐
carditis, are easily identified. Given that quantification of infarct size by DE-CMR is highly
reproducible, this technique may provide a useful surrogate end point for clinical trials with
appreciable reductions in sample size compared with alternative methods. [5]

Study of ischemia sequences

• T2 weighted STIR: edema-weighted imaging. Hyper intensity could appear in acute infarct
or myocarditis.

• CINE b-SSFP: motility: Hypokinesia dyskinesia of ischemic areas

• Perfusion: first pass of EGE (early Ga enhancement): ischemic areas no enhancement.
Stress perfusion with adenosine and dobutamine: Induced ischemia.

• Viability DHE (delayed enhancement) or LGE (late Ga enhancement) after 10-20 mins.
Gadolinium in interstitial space in acute infarct because of edema and rupture of mem‐
brane and in chronic infarct due to scarring, showing the extension of the scar.

Scarring less than 25% of the thickness of the wall (subendocardial), 25-50%, greater than
50% (transmural). This usually associates with thinning of the wall and is a prognosis factor
that predicts functional recovery after revascularization.

Patterns of ischemic enhancement

The distribution of DHE from ischemia is typically subendocardial to transmural. Differen‐
tial diagnosis with myocarditis: diffuse multifocal enhancement, often epicardial The mor‐
phology of an area of DHE is also relative to the longitudinal distribution of the blood
supply of the coronary artery.

• Inferior infarctions: area of enhancement basal and mid-ventricular myocardium. May ex‐
tend towards the infero-lateral RV right ventricular wall

• Lateral wall infarctions: mid ventricular and apical portions

• Anterior infarctions: antero-basal wall and may include the apex
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Table 3. Ischemic cardiomyopathy differential diagnosis between normal, acute or chronic infarct and induced
ischemia (black circle: hypointensive; White circle: hyperintensive; N. I.: not indicated)

Figure 13. Ischemic cardiomyopathy. DHE. Enhancement inferior infarction: area of enhancement basal and mid-ven‐
tricular myocardium.
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Figure 14. Cine b-SSFP Diastole and systole: apical aneurism (diskinetic area)

4.2. Dilated cardiopathy

The main differential diagnosis is between ischemic and non-ischemic dilated cardiopathies.

Non-ischemic: idiopathic, amyloidosis, haemochromatosis end stage, metabolic toxic alcohol

Figure 15. DHE: Chagas Disease. American trypanosomiasis. Severe LV dysfunction, heart failure and tachycardia MR
Ga: high signal of inflammation in infero-lateral wall of the LV.

Figure 16. SSFP systole: dilated four chamber hypokinesia
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tricular myocardium.
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Figure 14. Cine b-SSFP Diastole and systole: apical aneurism (diskinetic area)

4.2. Dilated cardiopathy

The main differential diagnosis is between ischemic and non-ischemic dilated cardiopathies.

Non-ischemic: idiopathic, amyloidosis, haemochromatosis end stage, metabolic toxic alcohol

Figure 15. DHE: Chagas Disease. American trypanosomiasis. Severe LV dysfunction, heart failure and tachycardia MR
Ga: high signal of inflammation in infero-lateral wall of the LV.

Figure 16. SSFP systole: dilated four chamber hypokinesia
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Figure 17. Ischemic dilated myocardiopathy: 2CH SA and 4CH Dilated chambers and DHE inf basal because of an infarct.

4.3. Hypertrophic MC

Criteria:

Morphological: measure diastolic myocardial thickness LV > 15mm, RV > 5mm in absence of
Hypertension, aortic stenosis, amyloidosis or pulmonary hypertension. Measure left chambers.

MR is used when a cardio echogram cannot determinate the severity and risk.

Functional: mitral valvulopathy, obstruction left ventricle outflow and motility dysfunction.

DHE: detect fibrosis and perfusion disorders as a prognosis factor. Non-enhanced is good
prognosis.

Figure 18. Cine b-SSFP Diastole and systole: Hypertrophic myocardiopathy. Measure diastolic myocardial thickness LV
> 15mm

4.4. RVAD (Right ventricle arrythmogenic dysplasia)

Etiology: inherence diseases (1:5000). A. D. Transmission variability. The diagnosis criteria
proposed by RVAD Task Force in 1994 are based on the presence of major and minor criteria
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encompassing structural, histologic, electrocardiographic, arrhythmic and genetic factors: 2
major criteria, 1 major plus 2 minor, or 4 minor. MR allows multiplanar evaluation of the
right ventricle (RV), enabling accurate morphologic and functional assessment.

• RV and outflow dilated

• Aneurisms

• Global systolic dysfunction

• Regional dysfunction contraction

• Fibro fatty transformation

Figure 19. b-SSFP sequences fat suppression, cine and DHE of a ADRV. Criteria: RV 129 ml/m2 global dysfunction of RV
(FE RV 29%), dyskinesia, saccular granulations, fibro fatty transformation and late enhancement of gadolinium (DHE).
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4.5. Restricted cardiopathy

Restrictive cardiomyopathies constitute a heterogeneous group of heart muscle conditions
that all present with the symptoms of heart failure, showing diastolic dysfunction with pre‐
served systolic function.

The majority of restrictive cardiomyopathies are secondary to a systemic disorder such as
amyloidosis, sarcoidosis, scleroderma, haemochromatosis, eosinophilic heart disease, or as a
result of radiation treatment. The more rare diagnosis of idiopathic restrictive cardiomyop‐
athy is supported only by the absence of specific pathology or endomyocardial biopsies.

The classic anatomical features of a restrictive cardiomyopathy are: small left ventricle (not
dilated) with marked atrial dilatation and normal systolic function in the absence of pericar‐
dial disease.

MRI can demonstrate the underlying anatomical lesion:

• Pericardial thickening, though the presence of a pericardium or normal thickning does
not entirely exclude the possibility of constriction. The main differential diagnosis is with
constrictive pericarditis.

• Additional imaging features such as abnormal right ventricular shape, vena cava dilata‐
tion, and paradoxical movement of the intraventricular septum, during operator guided
deep respiration.

• Characteristic tissues, especially the demonstration of interstitial or nodular fibrosis based
on the underlying etiology. In the presence of constrictive pericarditis from pericardial in‐
flammation, fibrosis or calcifications, diastolic expansion is impaired resulting in poor di‐
astolic ventricular filling, resulting in a characteristic type of diastolic impairment.

• Amyloidosis: Homogenous increased thickness of ventricular and atrial walls. The ven‐
tricular cavities are normal or reduced in size. Severe concentric hypertrophy of both nor‐
mal sized ventricles in absence of hypertension or valvular heart disease is suggestive of
amyloidosis. The atria are usually enlarged owing to the diastolic dysfunction and /or
valvular dysfunction due to amyloid deposition. Atrial septum usually > 6mm. Pleural
and epicardial effusions are frequent. Inhomogeneous enhancement, patchy, subepicar‐
dial or subendocardial, and irrespective of coronary territories.

The differential diagnosis from constrictive pericarditis may be necessary.

MR imaging can serve as a noninvasive examination for the definitive diagnosis of constric‐
tive pericarditis and can help distinguish between constrictive pericarditis and restrictive
cardiomyopathy on the basis of pericardial thickness. Mean thickness 1mm.

• The most frequent site of pericardial thickening is over the right ventricle. In Constrictive
pericarditis, the signal intensity of the thickened pericardium is similar or decreased com‐
pared with that of the myocardium.
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• Indirect findings of impaired right ventricular diastolic filling (e.g., dilatation of the inferi‐
or vena cava and right atrium) identified in constrictive pericarditis and restrictive cardio‐
myopathy.

Figure 20. b-SSFP and DHE in Amyloidosis: patchy, subepicardial or subendocardial enhancement irrespective of coro‐
nary territories.

Miocardiopathies

Etiology: Primary or secondary to systemic diseases. [6]

Cardiac MR is very useful in myocardiopathies (MC):

• Genetics: hypertrophic MC (MCH), RVDA arrhythmogenic dysplasia of the RV, non-com‐
pacted MC.

• Mixed: dilated MC (MCD), restrictive MC.

• Acquired: inflammatory MC (myocardytis), stress MC (apical ballooning: Tako-Tsubo):
transient apical dilatation and dysfunction.

4.6. Pericarditis and myopericarditis

Pericardial inflammation can be caused by infectious diseases viral/bacterial/tuberculosis/
fungal); can be manifestation of various systemic diseases (e.g. Rheumatoid arthritis, lupus
scleroderma, in patients with uremia, following an acute myocardial infarction, as a result of
radiation exposure, or idiopathic.

• Acute may result in diastolic heart failure

• Chronic: fibrosing pericardium ending in stiffening of the pericardium constricting the
heart.

Constrictive pericarditis is a thickening (greater than 4 mm), fibrotic and/or calcified pericar‐
dium constricting heart.
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Normal pericardial thickness is 2mm or less.

Myopericarditis is frequently associated with pericarditis. With a third of cases developing into
dilated myocardiopathy. Global dysfunction of myocardium with non coronary distribution.

Figure 21. A pattern-based approach to assessment of delayed enhancement in nonischemic cardiomyopathy using
MR imaging. [7]

Figure 22. Miocarditis: SSFP apical hypokinesia and thrombus. DHE basal, medium and apical
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4.7. Valvular diseases

• Cardiac MR provides good functional information about both valvular stenosis and re‐
gurgitation, and allows accurate assessment of ventricular function and relevant cardiac
and vascular anatomy. Cardiovascular MR is the gold standard for non invasive imaging
of regurgitation: can image the regurgitant volume in any plane, and thus 3D apprecia‐
tion of the jets can be acquired. Furthermore, it can quantify the regurgitant volume and
regurgitant fraction, as well as ventricular function. Transthoracic echocardiography re‐
mains the most important and accessible, and easily performed, quantification of valvular
heart disease, measuring valvular stenosis and valve area. However this technique is less
accurate in quantifying valvular regurgitation with a semi quantitative assessment and
only provides an estimate of ventricular function. In addition, imaging planes may be re‐
stricted with this technique. X-ray–Angiography (AGF) has been regarded the gold stand‐
ard but the assessment of valvular regurgitation is both imprecise, inaccurate, and
invasive.

• Qualitative assessment of signal loss on cine MR images

• GE technique: For regurgitant lesions signal loss can be grades in a similar way to X-ray
AGF: grade 1 = signal loss close to the valve; grade 2 = signal loss extending into the prox‐
imal chamber; grade 3 = signal loss filling the whole of the proximal chamber; grade 4 =
signal loss in the receiving chamber throughout the relevant half of the cardiac cycle.

Quantitative assessment by measurement of ventricular volumes. MR is the gold standard
technique. Using a set of SA cuts covering the length of the ventricles, in combination with
Simpson`s rule, the stroke volumes of both right and left ventricle can be measured. There is
a 1:1 relationship between these stroke volumes; any discrepancy between the ventricular
volumes in a patient with regurgitation will identify the regurgitant volume.

• Quantitative assessment by phase-contrast velocity mapping can be applied in any direc‐
tion for flow quantification of RV and LV outputs can be compared from the proximal as‐
cending aorta and pulmonary trunk. The severity of the regurgitation fraction: 15-20%
mild, 20-40% moderate and >40% severe regurgitation.

• Valvular stenosis can be identified by signal loss in cine-MR. Velocity mapping is used to
establish an accurate peak velocity across the valve and to quantify the severity of the
stenosis. The mean velocity across caval veins and the mitral valve can be used to de‐
scribe the inflow curves for the A-V valves.

4.8. Cardiac masses

Cardiac mass may be a neoplasm or non-neoplasmic swelling, such as a thrombus

Cardiac tumors may be secondary with direct extension, venous, with lymphatic extension,
malignant primary tumors, or benign, such as mixoma. The most frequent mass found in
clinical practice is due to a thrombus, while the second most frequent is due to mixoma.
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Figure 23. Aortic stenosis and tricuspid regurgitation.

Figure 24. Mixoma: b-SSFP pedunculated mass in LA with heterogeneous DHEg

Figure 25. b-SSFP and DHE hidatidic cyst in myocardium and liver.
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LOCATION TUMOR MR FINDINGS CHARACTERISTICS

INTRACAVITARY Myxoma

Oval, mobile, LA (left atrium)

heterogeneous

enhancement

Fosa ovalis

Thrombus LA, orejuela, ventricles in IAM Low signal in DHE

Valvular vegetations
Irregular masses valvular or

perivalvular
Signal similar to thrombus.

Metastases Transvenous spread
Continued spread Primary

tumor

INTRAMURAL CHILDREN Rabdomioma
Several masses similar signal

to muscles
Children with E.T

Fibroma

Solitary mass disturbing

anatomy. Ventricles.

Intramural

Low signal T2

INTRAMURAL ADULTS Metastases
Pericardial effusion mass with

enhancement
Melanoma hight signal T1

Lipomatous hypertrophy

of the interatrial septum

Septum >2cm, high signal in

T1

Loose signal in fat suppression

sequences

Lipoma
Epicardial or intramural high

signal in T1

Loose signal in fat suppression

sequences

Paraganglioma
Well defined in atrial walls or

septum
Light-bulb in T2

Epi or PERICARDIAL Metastases Pericardial effusion Direct spread of tumour

Pericardial cyst
Well defined cyst no

enhancement
Signal liquid in all sequences

Hemangioma
Multiple cysts with

enhancement
High signal in T1 y T2

Table 4. Differential diagnosis of cardiac masses by location [8]

4.9. Aortic diseases and great vessels

• MR is the non invasive method of choice for the assessing the great vessels of the thorax.

• MR angiography provides exquisite 3D imaging.

• Assessment of ventricular function and intracardiac anatomy may be important.

• Aortic aneurism: sinus of valsalva > 3.3cm; ascending aorta: mid > 3cm and distal > 2.4cm.
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Figure 26. Metastases of germinal tumor: eco and TC peduculated mass in RA. MR: SE and DHE with enhancement of
a large mass.

Figure 27. b-SSFP, cine SSFP, RM angiography and QFlow: Dilated ascending aortic with moderate aortic regurgita‐
tion. EF and % regurgitation
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Figure 28. Aortic aneurism: sinus of valsalva > 3.3cm, mid ascending aorta > 3cm and distal ascending aorta > 2.4cm

• Aortic coarctation: area of narrowing of the thoracic aorta in the region of inserction of the
arterial duct with or without additional abnormalities.

Figure 29. SE blackblood coartation.Volume-rendered 3D. AGF-MR:colateral vessel. Magnitude and velocity map: Bi‐
cuspid aortic valve (jet of aortic stenisis) and aortic coarctation after sugery

• Others:Aortic arch anomalies, interrupted aortic arch, vascular rings, aortic disection, ul‐
ceration and intramural hematoma, Marfan.

• Anomalous pulmonary veins (PV): anomalous pulmonary venous return or systemic ve‐
nous abnormalities.

4.10. Congenital diseases

Cardiac MR is increasingly becoming an important tool for the diagnosis and follow-up of
children and adult patients with congenital heart disease. Its main role is as an adjunct to
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echocardiography. MR can provide an accurate, non-invasive method of imaging for assess‐
ment of form (3D assessment of anatomy) and function, and is the best method for quantifi‐
cation of ventricular function and vascular flow. The use of (VENC) velocity-encoded-
phase-contrast MR allows accurate non invasive quantification of blood flow and pressure
gradients, Qp:Qs, and assessment of myocardial perfusion and coronary artery anatomy.
Best method for ventricular volumetry (in particular of the RV).

SEQUENTIAL SEGMENTAL ANALYSIS: the nomenclature of complex congenital diseases
is based in segmental analysis. Require description of atrial situs, atrio-ventricular connec‐
tions, and other associated lesions. Increasing ability to assess myocardial perfusion and cor‐
onary artery anatomy.

• ASD (Atrial septal defect) are the most common congenital heart defects detected in
adults. Cause left-to-right shunting at the atrial level. There are three types: Ostium se‐
cundum (80% of ASD), Ostium primum and sinus venous defect.

• AVSD atrio-ventricular septal defect. Partial with a defect of the atrial septum or com‐
plete with defect of atrial and ventricular septum there are also abnormalities of the AV
valves.

Figure 30. TGV: transposition great vessels after the Mustard procedure. SE black blood LA left atrium connection af‐
ter surgery. SSFP: RV anatomic (left functionally) dilated 145ml/m2, hypertrophic FE 60%. Anatomic LV dilated FE 50%

• TGV is the second-commonest cyanotic congenital heart diseases in the first year of life.It is
defined as ventriculoarterial discordance with an anterior aorta arising from de RV, and the
pulmoray artery arising from the LV.40% have a VSD and 30% subpulmonary stenosis

• VSD ventricular septal defect depends of the shunt volume the left sided heart failure and
pulmonary vascular disease. Quantification of left-to-right shunts using VENC MR as a non
invasive method. Perimembranous lesions make up 80% of VSD.20% muscular septum.
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• Congenital aortic supravalvular stenosis: area of narrowing of the thoracic aorta in the re‐
gion of inserction of the arterial duct. There are three types; hourglass, membranous and
diffuse coarctation.

Figure 31. b-SSFP SA outflow. Jet of tricuspid regurgitation Ventricular septal defect and hypertrophy of RV. Tetralogy
of Fallot: is the most common cyanotic congenital heart defect, caused by malalignment of the infundibular septum,
which leads to right ventricular outflow (RVOT) obstruction, a subaortic VSD (ventricular septal defect) with aortic
override, and right ventricular hypertrophy. The role of MR is assesment of postoperative complications besides accu‐
rate diagnosis.

Others: pulmonary atresia, double outlet RV, common arterial trunk, anomalous coronary
artery, etc.

5. Conclusion

Cardiovascular MR has become a revolutionary technique for the management of cardiac
disease. With new sequences the development of this technique has become very important
in the diagnosis and management of multiples cardiac diseases and conditions, comple‐
menting echocardiography and cardiac angiography.

It has become one of the most accurate techniques (the gold standard) in quantification vol‐
umes, mass, study of the right ventricle, and the most complete in the diagnosis of ischemic
diseases and congenital diseases. The development of the science in this area has widened
the indications and reduced exploration times. Cardiologists and Radiologists must work
closely together, and have a widespread knowledge of the most frequent cases and possible
differential diagnoses, with a clear understanding of MR sequences and their uses and limi‐
tations of this technique.
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defined as ventriculoarterial discordance with an anterior aorta arising from de RV, and the
pulmoray artery arising from the LV.40% have a VSD and 30% subpulmonary stenosis

• VSD ventricular septal defect depends of the shunt volume the left sided heart failure and
pulmonary vascular disease. Quantification of left-to-right shunts using VENC MR as a non
invasive method. Perimembranous lesions make up 80% of VSD.20% muscular septum.
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• Congenital aortic supravalvular stenosis: area of narrowing of the thoracic aorta in the re‐
gion of inserction of the arterial duct. There are three types; hourglass, membranous and
diffuse coarctation.

Figure 31. b-SSFP SA outflow. Jet of tricuspid regurgitation Ventricular septal defect and hypertrophy of RV. Tetralogy
of Fallot: is the most common cyanotic congenital heart defect, caused by malalignment of the infundibular septum,
which leads to right ventricular outflow (RVOT) obstruction, a subaortic VSD (ventricular septal defect) with aortic
override, and right ventricular hypertrophy. The role of MR is assesment of postoperative complications besides accu‐
rate diagnosis.

Others: pulmonary atresia, double outlet RV, common arterial trunk, anomalous coronary
artery, etc.

5. Conclusion

Cardiovascular MR has become a revolutionary technique for the management of cardiac
disease. With new sequences the development of this technique has become very important
in the diagnosis and management of multiples cardiac diseases and conditions, comple‐
menting echocardiography and cardiac angiography.

It has become one of the most accurate techniques (the gold standard) in quantification vol‐
umes, mass, study of the right ventricle, and the most complete in the diagnosis of ischemic
diseases and congenital diseases. The development of the science in this area has widened
the indications and reduced exploration times. Cardiologists and Radiologists must work
closely together, and have a widespread knowledge of the most frequent cases and possible
differential diagnoses, with a clear understanding of MR sequences and their uses and limi‐
tations of this technique.
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Determination for the Comprehensive Arterial Inflows
in the Lower Abdomen Assessed by Doppler Ultrasound:
Methodology, Physiological Validity and Perspective
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Additional information is available at the end of the chapter
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1. Introduction

The splanchnic circulation has been described as the “blood-giver of circulation” and is be‐
lieved to play a major role in overall cardiovascular regulation. The splanchnic cicrculatory
system contains a fifth of the total blood volume [1]. The splanchnic system receives nearly
30% of the cardiac output through three large arteries: the coeliac and the superior and infe‐
rior mesenteric arteries at rest [2]. The splanchnic blood flow is controlled intrinsically by
metabolic and myogenic regulation and extrinsically by neural factors [3]. Hemodynamics
in the splanchnic organs are altered under various stressful conditions, such as during phys‐
ical activity [4] and in the postprandial state [5], due to balancing of tone between sympa‐
thetic and vagus activity [6]; consequently, clinical assessment of the splanchnic circulation
could potentially provide valuable information regarding hepato-gastrointestinal disease
[7-9] and cardiac dysfunction [10].

Doppler ultrasonographic techniques represent a major advance, enabling the measurement
of blood flow noninvasively in subjects and the monitoring of flow changes in response to
physiological and pathological stresses. Previous Doppler ultrasound studies that measured
splanchnic blood flow in a “single vessel with small size volume”, such as the superior mes‐
enteric, coeliac artery, or portal vein, were concerned solely with the target organ in the gas‐
trointestinal area or liver; therefore, evaluation of alterations in these single arterial blood
flows under the various states were sometimes limited to small blood volumes, even though
there was a relatively large change in hemodynamics. Evaluation of the comprehensive arte‐
rial blood flow in the lower abdomen, including the liver, spleen, gastro-intestine, kidney,
and pelvic organs as a multiple arterial function (Figure 1), may potentially be a feasible
method of determining the distribution of abdominal blood-flow volume or disorder in cas‐

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
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es of splanchnic or cardiovascular dysfunction, as well as the distribution following nutri‐
tious meal intake or physical exercise.

Our previous studies used ultrasonography to assess whole arterial blood flow in the lower
abdominal hemodynamics: the comprehensive arterial blood flow in the lower abdomen
was obtained by subtracting blood flow in the bilateral proximal femoral arteries [left femo‐
ral artery and right femoral artery] from blood flow in the upper abdominal aorta above the
coeliac artery bifurcation [11-16].

This method of quantitative assessment is a challenging but unique and non-invasive proce‐
dure for determining the comprehensive inflows of all abdominal organs, and is a potential‐
ly useful indicator of blood flow redistribution in cardiovascular and hepato-gastrointestinal
disease in the clinical state, in the postprandial period, and in relation to physical exercise.

The focus in this chapter will be the variability in the hemodynamics (blood velocity, vessel
diameter and blood flow) of the three target arteries which is valuable information for deter‐
mining the comprehensive arterial blood flow in the lower abdomen as assessed by Doppler
ultrasound. Furthermore, in this chapter we will summarize a methodology for determining
comprehensive arterial blood flow in the lower abdomen using validated data of three tar‐
get arteries, discuss methodological considerations regarding physiological aspects and lim‐
itations in view of previously reported findings, and consider the potential clinical
usefulness and application of measurements for the comprehensive lower abdominal flows.

2. Participants

The expressed data from participants were : total number of participants, 154 healthy males;
mean age, 24.5 (range: 19-41) years; mean height, 172.7 (range: 158.3-185.4) cm; and mean
body weight, 68.0 (range: 51.4-92.4) kg. Participants had no previous history of cardiovascu‐
lar disease, gastrointestinal disease, hypertension, or anaemia, and no abnormality of the pe‐
ripheral vasculature. The studies were conducted according to the principles of the
Declaration of Helsinki (1976) and with the approval of the Institutional Ethics Committee
of the author’s institution. All participants gave their written consent and were informed of
the nature and purpose of the study, as well as potential risks and discomfort. The partici‐
pants also understood that they could withdraw from the study at any time without conse‐
quence. The study populations represented in this chapter do not include the elderly.

3. Measurement for comprehensive arterial blood flow in the lower
abdomen

3.1. Approach for Doppler ultrasound assessment of three target arteries

The target vessels were the following three conduit arteries: 1) the abdominal aorta (Ao) at
~3 cm above the coeliac artery trunk, 2) the proximal left femoral artery (LFA), and 3) the
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proximal right femoral artery (RFA) (Figure 1). The Ao region was most commonly meas‐
ured just below the diaphragm in longitudinal section view (from the sub-sternal area) to
enable Ao sample volume to be maintained at the end of the expiratory phase during spon‐
taneous breathing (Figure 2) [14]. Detection of the Ao was relatively constant and free from
interference from intestinal gas. For both femoral arteries, measurement location was chosen
to minimize turbulence and the influence of the inguinal region on blood flow above the bi‐
furcation, thereby enabling easy and reliable measurement (Figure 2) [11-15,17-21]. Blood
velocity (pulsed wave) and vessel diameter (2-dimensional) measurements were obtained
using a curvilinear array probe (3.5 MHz) for Ao and a linear array probe (7.5 MHz) for the
LFA and RFA. The insonation angle was maintained below 60º for each participant and re‐
mained constant throughout the experiments [11-15,22]. The sample volume was placed in
the precise centre of the vessel before being adjusted to cover the width of the vessel diame‐
ter and blood velocity distribution.

Figure 1. Schematic illustration of the anatomical region for the three target arteries. Blood flow (BF) measure‐
ments were obtained for the upper abdominal aorta (Ao) above the coeliac artery trunk (CA) and for the bilateral fem‐
oral arteries (right and left femoral arteries; RFA and LFA, respectively) above the bifurcation. Comprehensive BF in the
lower abdomen (BFAb) was calculated by subtracting bilateral femoral arterial flow (BFLFA + BFRFA) from BFAo. The
splanchnic gastrointestinal blood vessels include the renal (RA), CA and the superior and inferior mesenteric arteries
(SMA and IMA, respectively). Figure modified from Osada T. et al. [12], reproduced with permission from IOP Publish‐
ing Ltd.
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Figure 2. Two-dimensional vascular images in longitudinal view. The target areas (circled) in the blood flow meas‐
urements were above the coeliac artery trunk for the upper abdominal aorta (left panel) and above the bifurcation to
superficial and profunda femoral arteries for the femoral arteries (right panel). CA, coeliac artery; SMA, superior mes‐
enteric artery.

The presented data were obtained using an ultrasound unit (SONOS 1500, HP77035A; Hew‐
lett-Packard, Tokyo, Japan) with a real-time two-dimensional ultrasonic imager and a
pulsed-Doppler flowmeter for calculating maximum envelope in the blood velocity profile.
The principle of blood flow measurement using Doppler ultrasound is the calculation of in‐
stantaneous mean blood velocity over the cardiac cycle using analysis of the waveform of
Doppler-shifted ultrasound reflected from cellular elements of the moving blood within the
blood vessel.

The Doppler instrument used in this chapter, however, could not determine time- and spa‐
tial-averaged and amplitude (signal intensity)-weighted mean blood velocities; thus, the
measured blood velocity determined by integration of the outer envelope (maximum veloci‐
ties) would have reflected the higher (maximum) velocity component at the centre of the
vessel through the cardiac cycle. Because this procedure takes no account of the lower veloc‐
ity component of the flow profile, the blood velocity values in this chapter have potentially
been overestimated. On the basis of this physiological phenomenon, the above-mentioned
measure of mean blood velocity, which expresses the averaged speed for all red blood cells
within the vessel, is more precise; however, the present procedure used to determine blood
velocity also provides acceptable data.

Recent developments in ultrasound instrumentation include an auto-tracing programme for
determining mean and maximum blood velocity (outer envelope). Maximum (envelope)
blood velocity in the femoral artery is previously reported as being ~1.53 [23] and 1.3–1.8
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[24,25] times higher than mean blood velocity. An in vitro study that used a silicon tube to
model the conduit artery found that maximum (envelope) blood velocity was approximately
1.75 times higher than mean blood velocity [26].

Figure 3. The blood velocity profile in the upper abdominal aorta and femoral artery. The beat-by-beat flow pro‐
file was detected at the target area in the arteries. Sampling point as target area was as shown in the vascular image
above within in the view. CA, coeliac artery.

3.2. Measurement procedure of blood velocity, vessel diameter, and blood flow in the
arteries at resting condition

For the measurement in the base state of hemodynamics with minimal influence (for in‐
stance, gastrointestinal hyperemia) from meal digestive and absorptive response, the meas‐
urement for the base state was conducted in the morning following a 12-h fast. Prior to
measurement, colour Doppler was used to check for unsuspected pathology in each conduit
artery. For each of the three conduit arteries, blood velocity was measured for 2–3 minutes
and vessel diameter for 1–2 minutes via image observation using a wide expanded view in
longitudinal section, by a single operator (the author). Blood velocity was analysed by inte‐
grating the outer envelope of the maximum velocity values from the flow profile for each
beat, for approximately 20–40 beats [11,27-29]. Blood velocity and vessel diameter analyses
were performed using the phase that demonstrated similar heart rate and blood pressure
values among measurements from the three conduit arteries. The systolic and diastolic ves‐
sel diameter of each conduit artery was measured in relation to the electrocardiograph dis‐
played on the monitor of the ultrasound unit.

Vessel diameter was also measured under perpendicular insonation and calculated in rela‐
tion to the temporal duration of the electrocardiography recording curve, as follows: [(sys‐
tolic vessel diameter × 1/3) + (diastolic vessel diameter × 2/3)] [17-19]. The mean vessel
diameter for each beat was calculated over approximately 20–40 beats. Blood flow was de‐
termined by multiplying the cross-sectional area [area = π × (vessel diameter/2)2] by the am‐
plitude (signal intensity)-weighted blood velocity (time- and spatial-averaged outer
envelope of the maximum velocity). To determine BFAb precisely, blood pressure and heart
rate should remain in a steady state during measurement of the three target arteries.
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3.3. Determination of comprehensive blood flow in lower abdomen

Blood flow in the Ao, LFA, and RFA is defined as BFAo, BFLFA, and BFRFA, respectively. The
comprehensive blood flow in lower abdomen (BFAb) was calculated by subtracting the sum
of BFRFA and BFLFA from BFAo, as follows: BFAb = [BFAo – (BFLFA + BFRFA)] [11-15].

4. Day-to-day reliability and variability in hemodynamics of the three
arteries and BFAb via repeated measurements

The variability in the hemodynamics (blood velocity, vessel diameter and blood flow) of
the three target arteries is valuable information for determining the comprehensive arte‐
rial  blood flow in the lower abdomen assessed by Doppler  ultrasound.  In addition,  the
reliability and reproducibility in the hemodynamics measurement is also required for its
measurement.

Hemodynamic measurements (blood velocity, vessel diameter, and blood flow) in the three
arteries were performed on three consecutive days. BFAb can then be determined for each
day by the formula BFAo – (BFLFA + BFRFA), with blood flow calculated by multiplying blood
velocity by the cross-sectional area.

Hemodynamic

s variable

Target

artery

1st 2nd 3rd
Mean CV

(%)

Relative

reliability,

SM-ICC

F (2, 118, 0.05) p<0.05
Mean SD Mean SD Mean SD

Blood velocity

(cm/sec)

Ao 26.0 6.6 26.2 6.3 26.0 7.0 4.9 0.94 0.18 ns

LFA 8.4 2.5 8.3 2.3 8.2 2.5 7.8 0.90 0.48 ns

RFA 8.4 2.5 8.2 2.2 8.3 2.6 8.7 0.85 1.15 ns

Vessel diameter

(mm)

Ao 15.5 1.3 15.6 1.2 15.5 1.2 1.3 0.95 3.63 ns

LFA 9.0 0.7 9.1 0.7 9.0 0.7 1.4 0.94 3.09 ns

RFA 9.1 0.8 9.1 0.7 9.0 0.8 1.2 0.97 1.35 ns

Blood flow

(ml/min)

Ao 2946 774 2989 740 2931 818 4.9 0.95 1.65 ns

LFA 322 104 324 105 317 113 8.6 0.90 0.66 ns

RFA 323 103 317 94 319 106 8.6 0.90 0.57 ns

Ab 2301 699 2348 666 2295 721 6.2 0.94 1.87 ns

Table 1. Reliability and coefficients of variation in hemodynamics for repeated measurements. Mean
coefficients of variation (CV) in hemodynamics were obtained from the average CV values of 60 participants among
three repeated measurements over three different days. Single-measure intra-class correlation coefficient (SM-ICC)
was evaluated by three repeated measurements over three different days. All measurements were performed by a
single operator. SD, standard deviation; ns, not significant; Ao, abdominal aorta; LFA, left femoral artery; RFA, right
femoral artery; Ab, lower abdomen. This material is reproduced from Osada T. et al. [12,16], with permission from IOP
Publishing Ltd. and BioMed Central.
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First, relative reliability was estimated by analysing the three hemodynamic measurements
repeated on three different days [12], for 60 healthy male participants [16]. As shown in Ta‐
ble 1, F-test revealed no significant difference in blood velocity, vessel diameter, or blood
flow values among the three measurements. Consequently, the single-measure intra-class
correlation coefficient was significantly high for relative reliability estimated by repeated he‐
modynamics measurements [30]. This indicates that Doppler assessment of hemodynamic
parameters in the three target arteries has potential as a stable and acceptable procedure for
determining BFAb.

Second, Bland–Altman analysis [31] was used for statistical analysis of mean values (x-axis)
and difference values (y-axis) in hemodynamics (blood velocity, vessel diameter, and blood
flow) between two measurements over three different days (Figure 4). Figure 4 shows that
no systematic bias (fixed bias and proportional bias) was found between any two measure‐
ments over three different days. The limits of agreement (mean ± 1.96 SD) in terms of the
difference between two hemodynamics measurements and the 95% confidence interval also
indicate validity in the present study population within an acceptable and permissible range
and true mean values (Table 2). Bland–Altman analysis revealed that the acceptable range in
difference (bias) between two measurements may be less than 8.9 cm/s for Ao and less than
5.3 cm/s for blood velocity in the femoral arteries; less than 1.5 mm for Ao and less than 0.95
mm for vessel diameter in the femoral arteries; and less than 1.0 l/min and less than 0.18
l/min for blood flow in the Ao and femoral arteries, respectively. It is considered that this
range takes into account day-to-day physiological variation as well as measurement error.
The results for repeated measurements on three different days reveals that the range in
blood flow values in the three arteries remained similar for individual participants under
similar testing conditions; thus, mean BFAb is considered a reliable value with the acceptable
range in difference (bias) between two measurements may be less than 0.9 l/min for blood
flow in the lower abdomen. (Table 1, 2; Figure 5).

Hemodynamics variable Ao LFA RFA Ab

Blood velocity

(cm/sec)

Limit of agreement 0.00 ± 8.93 0.00 ± 4.37 0.00 ± 5.24 —

95%CI 0.00 ± 0.67 0.00 ± 0.33 0.00 ± 0.39 —

Vessel diameter

(mm)

Limit of agreement 0.00 ± 1.49 0.00 ± 0.95 0.00 ± 0.77 —

95%CI 0.00 ± 0.11 0.00 ± 0.07 0.00 ± 0.06 —

Blood flow

(ml/min)

Limit of agreement 0.00 ± 1008.42 0.00 ± 186.78 0.00 ± 180.71 0.00 ± 922.08

95%CI 0.00 ± 75.16 0.00 ± 13.92 0.00 ± 13.47 0.00 ± 68.73

Table 2. Acceptable range in difference (bias) in hemodynamics via three repeated measurements from Bland-
Altman analysis. Results are based on 180 samplings (comparison between 1st and 2nd, 2nd and 3rd, and 3rd and 1st

measurements) in 60 participants. All measurements were performed by a single operator. The mean difference (bias)
in each hemodynamic parameter (blood velocity, vessel diameter, and blood flow) between two measurements
almost corresponds to zero. Therefore, the limit of agreement is expressed as 0.00 ± 1.96 SD. The 95% of confidence
interval (95%CI) is expressed as 0.00 ± 1.96 SE. Ao, abdominal aorta; LFA, left femoral artery; RFA, right femoral artery;
Ab, lower abdomen; SD, standard deviation; SE, standard error. This material is reproduced from Osada T. et al.
[12,16], with permission from IOP Publishing Ltd. and BioMed Central.
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3.3. Determination of comprehensive blood flow in lower abdomen
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Hemodynamic measurements (blood velocity, vessel diameter, and blood flow) in the three
arteries were performed on three consecutive days. BFAb can then be determined for each
day by the formula BFAo – (BFLFA + BFRFA), with blood flow calculated by multiplying blood
velocity by the cross-sectional area.
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LFA 322 104 324 105 317 113 8.6 0.90 0.66 ns
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Table 1. Reliability and coefficients of variation in hemodynamics for repeated measurements. Mean
coefficients of variation (CV) in hemodynamics were obtained from the average CV values of 60 participants among
three repeated measurements over three different days. Single-measure intra-class correlation coefficient (SM-ICC)
was evaluated by three repeated measurements over three different days. All measurements were performed by a
single operator. SD, standard deviation; ns, not significant; Ao, abdominal aorta; LFA, left femoral artery; RFA, right
femoral artery; Ab, lower abdomen. This material is reproduced from Osada T. et al. [12,16], with permission from IOP
Publishing Ltd. and BioMed Central.
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First, relative reliability was estimated by analysing the three hemodynamic measurements
repeated on three different days [12], for 60 healthy male participants [16]. As shown in Ta‐
ble 1, F-test revealed no significant difference in blood velocity, vessel diameter, or blood
flow values among the three measurements. Consequently, the single-measure intra-class
correlation coefficient was significantly high for relative reliability estimated by repeated he‐
modynamics measurements [30]. This indicates that Doppler assessment of hemodynamic
parameters in the three target arteries has potential as a stable and acceptable procedure for
determining BFAb.

Second, Bland–Altman analysis [31] was used for statistical analysis of mean values (x-axis)
and difference values (y-axis) in hemodynamics (blood velocity, vessel diameter, and blood
flow) between two measurements over three different days (Figure 4). Figure 4 shows that
no systematic bias (fixed bias and proportional bias) was found between any two measure‐
ments over three different days. The limits of agreement (mean ± 1.96 SD) in terms of the
difference between two hemodynamics measurements and the 95% confidence interval also
indicate validity in the present study population within an acceptable and permissible range
and true mean values (Table 2). Bland–Altman analysis revealed that the acceptable range in
difference (bias) between two measurements may be less than 8.9 cm/s for Ao and less than
5.3 cm/s for blood velocity in the femoral arteries; less than 1.5 mm for Ao and less than 0.95
mm for vessel diameter in the femoral arteries; and less than 1.0 l/min and less than 0.18
l/min for blood flow in the Ao and femoral arteries, respectively. It is considered that this
range takes into account day-to-day physiological variation as well as measurement error.
The results for repeated measurements on three different days reveals that the range in
blood flow values in the three arteries remained similar for individual participants under
similar testing conditions; thus, mean BFAb is considered a reliable value with the acceptable
range in difference (bias) between two measurements may be less than 0.9 l/min for blood
flow in the lower abdomen. (Table 1, 2; Figure 5).
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Limit of agreement 0.00 ± 8.93 0.00 ± 4.37 0.00 ± 5.24 —

95%CI 0.00 ± 0.67 0.00 ± 0.33 0.00 ± 0.39 —
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Limit of agreement 0.00 ± 1.49 0.00 ± 0.95 0.00 ± 0.77 —

95%CI 0.00 ± 0.11 0.00 ± 0.07 0.00 ± 0.06 —
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Limit of agreement 0.00 ± 1008.42 0.00 ± 186.78 0.00 ± 180.71 0.00 ± 922.08

95%CI 0.00 ± 75.16 0.00 ± 13.92 0.00 ± 13.47 0.00 ± 68.73

Table 2. Acceptable range in difference (bias) in hemodynamics via three repeated measurements from Bland-
Altman analysis. Results are based on 180 samplings (comparison between 1st and 2nd, 2nd and 3rd, and 3rd and 1st

measurements) in 60 participants. All measurements were performed by a single operator. The mean difference (bias)
in each hemodynamic parameter (blood velocity, vessel diameter, and blood flow) between two measurements
almost corresponds to zero. Therefore, the limit of agreement is expressed as 0.00 ± 1.96 SD. The 95% of confidence
interval (95%CI) is expressed as 0.00 ± 1.96 SE. Ao, abdominal aorta; LFA, left femoral artery; RFA, right femoral artery;
Ab, lower abdomen; SD, standard deviation; SE, standard error. This material is reproduced from Osada T. et al.
[12,16], with permission from IOP Publishing Ltd. and BioMed Central.
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Figure 4. Bland–Altman analysis of three arterial hemodynamics for repeated measurement. The difference (y-
axis) and mean (x-axis) are shown for hemodynamics (blood velocity, vessel diameter, and blood flow, respectively) in
the three arteries between two measurements obtained over three different days. Results are based on 180 samplings
(comparison between 1st and 2nd, 2nd and 3rd, and 3rd and 1st measurements) in 60 participants. The solid line indicates
bias (close to zero) and the dashed lines are the limits of agreement of ± 1.96 SD (± 2 SD on the figure). The open
circles correspond to 1st vs. 2nd measurement. The grey circles correspond to 2nd vs. 3rd measurement. The closed circles
correspond to 3rd vs. 1st measurement. All measurements were obtained by a single operator, using the same ultra‐
sound instrument. Thus, no systematic bias (fixed bias or proportional bias) exists between two measurements. Ao,
abdominal aorta; LFA, left femoral artery; RFA, right femoral artery. Reprinted figure and material from Osada T. et al.
[12,16], with permission from IOP Publishing Ltd. and BioMed Central.
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Figure 5. Bland–Altman analysis of blood flow in the lower abdomen for repeated measurements Bland–Alt‐
man analysis revealed no systematic bias (fixed bias or proportional bias) between two measurements. The difference
(y-axis) and mean (x-axis) in blood flow in lower abdomen (Ab) between two measurements over three different days.
Results are based on 180 samplings (comparison between 1st and 2nd, 2nd and 3rd, and 3rd and 1st measurements) in 60
participants. The solid line indicates bias and the dashed lines are the limits of agreement of ± 1.96 SD (± 2 SD on the
figure). The open circles correspond to 1st vs. 2nd measurement. The grey circles correspond to 2nd vs. 3rd measurement.
The closed circles correspond to 3rd vs. 1st measurement. SD, standard deviation. Reprinted figure and material from
Osada T. et al. [12,16], with permission from IOP Publishing Ltd. and BioMed Central.

5. Validity of target arterial blood flows and blood flow in the lower
abdomen compared with previous findings

5.1. Abdominal aorta

Values for vessel diameter, estimated cross-sectional area, and blood flow of the upper ab‐
dominal aorta obtained in the present method were 15.6 ± 1.2 mm, 1.91 ± 0.29 cm2, and 2951
± 767 ml/min, respectively (Table 3).

The present values for diameter and cross-sectional area are similar to those of 15.5–17.6 mm
and 1.88–2.43 cm2, respectively, measured by Gabriel and Kindermann [32]. Nimura et al.
[33] reported blood flow values obtained by Doppler ultrasound of the upper abdominal
aorta and the sum total blood flow of the coeliac, superior mesenteric and both renal arteries
as 2470–3246 ml/min and 2450–3549 ml/min, respectively. These values are similar to those
for BFAo expressed in the present review.
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Results are based on 180 samplings (comparison between 1st and 2nd, 2nd and 3rd, and 3rd and 1st measurements) in 60
participants. The solid line indicates bias and the dashed lines are the limits of agreement of ± 1.96 SD (± 2 SD on the
figure). The open circles correspond to 1st vs. 2nd measurement. The grey circles correspond to 2nd vs. 3rd measurement.
The closed circles correspond to 3rd vs. 1st measurement. SD, standard deviation. Reprinted figure and material from
Osada T. et al. [12,16], with permission from IOP Publishing Ltd. and BioMed Central.

5. Validity of target arterial blood flows and blood flow in the lower
abdomen compared with previous findings

5.1. Abdominal aorta

Values for vessel diameter, estimated cross-sectional area, and blood flow of the upper ab‐
dominal aorta obtained in the present method were 15.6 ± 1.2 mm, 1.91 ± 0.29 cm2, and 2951
± 767 ml/min, respectively (Table 3).

The present values for diameter and cross-sectional area are similar to those of 15.5–17.6 mm
and 1.88–2.43 cm2, respectively, measured by Gabriel and Kindermann [32]. Nimura et al.
[33] reported blood flow values obtained by Doppler ultrasound of the upper abdominal
aorta and the sum total blood flow of the coeliac, superior mesenteric and both renal arteries
as 2470–3246 ml/min and 2450–3549 ml/min, respectively. These values are similar to those
for BFAo expressed in the present review.
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5.2. Femoral artery

The present values for the diameter of the femoral arteries were 9.0 ± 0.7 mm in the LFA and
9.1 ± 0.7 mm in the RFA (Table 3), which is in the same range as the previously reported
values of 7.5 ± 0.3 mm measured using angiography [34] and 8.1 ± 0.11 mm measured by
Duplex Doppler [35]. In the present review, cross-sectional area of the femoral arteries was
0.65 ± 0.1 cm2 in the LFA and 0.65 ± 0.11 cm2 in the RFA. Mean blood velocity in the femoral
arteries was 8.3 ± 2.4 cm/s in the LFA and 8.1 ± 2.1 cm/s in the RFA; these values are in the
same range as that of 10.2 ± 0.39 cm/s previously measured by pulsed Doppler [35]. Blood
flow in the femoral arteries was 316 ± 97 ml/min in the LFA and 313 ± 83 ml/min in the RFA.
These values are in the same range as those of 450–886 ml/min [36], 301 ± 81 ml/min [37],
and 390 ± 20 ml/min [38] measured using indicator dilution; and 376 ± 154 ml/min [39], 226.5
± 28.6 ml/min [35], 344 ml/min [40], and 350–367 ml/min [41] measured by Doppler ultra‐
sound. Furthermore, Ganz et al. [42] reported a value of 383–766 ml/min by thermodilution,
and Vänttinen [43] reported a value of 239 ml/min using electromagnetic flowmetry. These
values are in the same range in those of the present review, despite differences in the meth‐
od of measurement. Blood flow may also be influenced by the subject’s position during
measurement and local blood flow per body weight, as well as thigh muscle mass [44].

5.3. Blood flow in the lower abdomen

There is lack of comparative BFAb data measured by other valid methods (gold standard)
such as the thermodilution technique or the cardiovascular magnetic resonance method.
However, ultrasound Doppler is also an acceptable valid measure for determining blood ve‐
locity/flow in the conduit artery.

Including the results of previous reports [12], the range of BFAb over the three different days
was 1153–4401 ml/min in the 60 participants. Furthermore, the mean value of BFAb was 2630
± 649 ml/min in 18 of the participants (age range, 20–38 years) in the previous reports [11].

Based on the general anatomical features shown in Figure 1, the BFAb values are considered
to indicate the sum of blood flow to the coeliac artery; mesenteric arteries; the bilateral renal,
suprarenal, gonadal, and internal iliac arteries; and some lumbar arteries.

Previous studies [4,45-47] reported average splanchnic blood flow (including that of the
coeliac trunk, superior mesenteric, and inferior mesenteric arteries) as approximately 1500
ml/min, corresponding to 20%–30% of cardiac output. The sum of the blood flow values in
the two renal arteries is approximately 1000–1200 ml/min, which corresponds to 20% of car‐
diac output [48]. In addition, blood flow is 1400 ml/min in the liver, gastro-intestine, and
spleen (the so-called splanchnic organs), and 1100 ml/min in the kidney [49]. The range of
values for the sum of blood flow in the “splanchnic” and the “two renal arteries” reported in
previous studies is similar to the BFAb values obtained using the present method. However,
the wide range in BFAb may also be related to individual physical features such as body sur‐
face area and body weight.
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Hemodynamics variable Ao LFA RFA Ab

Blood velocity

(cm/sec)

Mean ± SD 26.1 ± 6.5 8.3 ± 2.4 8.1 ± 2.1 —

Range 13.9 — 41.1 4.9 — 13.4 4.0 — 12.7 —

95%CI 24.4 — 27.7 7.7 — 8.9 7.6 — 8.7 —

Vessel diameter

(mm)

Mean ± SD 15.6 ± 1.2 9.0 ± 0.7 9.1 ± 0.7 —

Range 12.4 — 18.1 7.9 — 11.6 7.6 — 10.9 —

95%CI 15.2 — 15.9 8.9 — 9.2 8.9 — 9.2 —

Blood flow

(ml/min)

Mean ± SD 2951 ± 767 316 ± 97 313 ± 83 2323 ± 703

Range 1585 — 5274 178 — 558 168 — 481 1153 — 4401

95%CI 2757 — 3145 291 — 340 292 — 334 2145 — 2500

Table 3. Mean values and range for the three arterial hemodynamics and lower abdominal blood flow Mean
values are shown for three repeated measurements over three different days in 60 participants. All measurements
were performed by a single operator. Ao, abdominal aorta; LFA, left femoral artery; RFA, right femoral artery; Ab,
lower abdomen; 95%CI, 95% of confidence interval; SD, standard deviation. This material is reproduced from Osada T.
et al. [12,16], with permission from IOP Publishing Ltd. and BioMed Central.

6. The physiological aspect of the three arterial blood flows and blood
flow in the lower abdomen

6.1. Relationship of blood flows to body surface area and to body weight

Previous studies have shown that cardiac output increases in proportion to body surface
area [49,50], which means that cardiac output is regulated throughout life in almost direct
proportion to overall metabolic activity. Furthermore, a positive correlation has been dem‐
onstrated between cardiac output and abdominal-splanchnic blood volume, using whole-
body scintigraphy [51]. BFAb is expected to be closely related to body surface area, because
the splanchnic system receives ~30% of cardiac output.

A significant positive relationship exists between BFAb and both body surface area and body
weight (Figure 4). The formula used to calculate body surface area is widely used in the tar‐
get population [52]. Furthermore, an increase in BFAb with increasing body weight may be
reasonable, taking into consideration the total weight of the lower abdomen. This relation‐
ship is based on the concept that blood flow distribution is associated with a higher flow per
weight to the liver and intestine compared with skeletal muscle at rest [53]. An expected ad‐
ditional finding was that peripheral blood flow at each conduit artery also had a positive
linear relationship (p < 0.05) with body surface area as well as with body weight (Figure 6).
This correlation is in agreement with evidence concerning the relationship between cardiac
output supply and peripheral arterial blood flow, with cardiac output being closely related
to body surface area [49,50].
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5.2. Femoral artery

The present values for the diameter of the femoral arteries were 9.0 ± 0.7 mm in the LFA and
9.1 ± 0.7 mm in the RFA (Table 3), which is in the same range as the previously reported
values of 7.5 ± 0.3 mm measured using angiography [34] and 8.1 ± 0.11 mm measured by
Duplex Doppler [35]. In the present review, cross-sectional area of the femoral arteries was
0.65 ± 0.1 cm2 in the LFA and 0.65 ± 0.11 cm2 in the RFA. Mean blood velocity in the femoral
arteries was 8.3 ± 2.4 cm/s in the LFA and 8.1 ± 2.1 cm/s in the RFA; these values are in the
same range as that of 10.2 ± 0.39 cm/s previously measured by pulsed Doppler [35]. Blood
flow in the femoral arteries was 316 ± 97 ml/min in the LFA and 313 ± 83 ml/min in the RFA.
These values are in the same range as those of 450–886 ml/min [36], 301 ± 81 ml/min [37],
and 390 ± 20 ml/min [38] measured using indicator dilution; and 376 ± 154 ml/min [39], 226.5
± 28.6 ml/min [35], 344 ml/min [40], and 350–367 ml/min [41] measured by Doppler ultra‐
sound. Furthermore, Ganz et al. [42] reported a value of 383–766 ml/min by thermodilution,
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There is lack of comparative BFAb data measured by other valid methods (gold standard)
such as the thermodilution technique or the cardiovascular magnetic resonance method.
However, ultrasound Doppler is also an acceptable valid measure for determining blood ve‐
locity/flow in the conduit artery.

Including the results of previous reports [12], the range of BFAb over the three different days
was 1153–4401 ml/min in the 60 participants. Furthermore, the mean value of BFAb was 2630
± 649 ml/min in 18 of the participants (age range, 20–38 years) in the previous reports [11].

Based on the general anatomical features shown in Figure 1, the BFAb values are considered
to indicate the sum of blood flow to the coeliac artery; mesenteric arteries; the bilateral renal,
suprarenal, gonadal, and internal iliac arteries; and some lumbar arteries.

Previous studies [4,45-47] reported average splanchnic blood flow (including that of the
coeliac trunk, superior mesenteric, and inferior mesenteric arteries) as approximately 1500
ml/min, corresponding to 20%–30% of cardiac output. The sum of the blood flow values in
the two renal arteries is approximately 1000–1200 ml/min, which corresponds to 20% of car‐
diac output [48]. In addition, blood flow is 1400 ml/min in the liver, gastro-intestine, and
spleen (the so-called splanchnic organs), and 1100 ml/min in the kidney [49]. The range of
values for the sum of blood flow in the “splanchnic” and the “two renal arteries” reported in
previous studies is similar to the BFAb values obtained using the present method. However,
the wide range in BFAb may also be related to individual physical features such as body sur‐
face area and body weight.
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Mean ± SD 2951 ± 767 316 ± 97 313 ± 83 2323 ± 703

Range 1585 — 5274 178 — 558 168 — 481 1153 — 4401
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Table 3. Mean values and range for the three arterial hemodynamics and lower abdominal blood flow Mean
values are shown for three repeated measurements over three different days in 60 participants. All measurements
were performed by a single operator. Ao, abdominal aorta; LFA, left femoral artery; RFA, right femoral artery; Ab,
lower abdomen; 95%CI, 95% of confidence interval; SD, standard deviation. This material is reproduced from Osada T.
et al. [12,16], with permission from IOP Publishing Ltd. and BioMed Central.

6. The physiological aspect of the three arterial blood flows and blood
flow in the lower abdomen

6.1. Relationship of blood flows to body surface area and to body weight

Previous studies have shown that cardiac output increases in proportion to body surface
area [49,50], which means that cardiac output is regulated throughout life in almost direct
proportion to overall metabolic activity. Furthermore, a positive correlation has been dem‐
onstrated between cardiac output and abdominal-splanchnic blood volume, using whole-
body scintigraphy [51]. BFAb is expected to be closely related to body surface area, because
the splanchnic system receives ~30% of cardiac output.

A significant positive relationship exists between BFAb and both body surface area and body
weight (Figure 4). The formula used to calculate body surface area is widely used in the tar‐
get population [52]. Furthermore, an increase in BFAb with increasing body weight may be
reasonable, taking into consideration the total weight of the lower abdomen. This relation‐
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weight to the liver and intestine compared with skeletal muscle at rest [53]. An expected ad‐
ditional finding was that peripheral blood flow at each conduit artery also had a positive
linear relationship (p < 0.05) with body surface area as well as with body weight (Figure 6).
This correlation is in agreement with evidence concerning the relationship between cardiac
output supply and peripheral arterial blood flow, with cardiac output being closely related
to body surface area [49,50].

Determination for the Comprehensive Arterial Inflows in the Lower Abdomen Assessed by Doppler Ultrasound:
Methodology, Physiological Validity and Perspective

http://dx.doi.org/10.5772/53239

293



Figure 6. Relationship of blood flows to body surface area and to body weight A significant (p < 0.05) positive
linear correlation was observed between measured blood flow, and body surface area and body weight for Ao, LFA,
RFA, and Ab (n = 50). Note overlapping of the circular regression lines for blood flow in LFA and RFA. Ao, abdominal
aorta; LFA, left femoral artery; RFA, right femoral artery; Ab, lower abdomen. Figure adapted from Osada T. et al. [13],
reproduced with permission from The International Science Literature, Inc.

6.2. Relationship of BFAb to BFAo, BFLFA, and BFRFA in estimating blood flow in the lower
abdomen

The distribution of BFAb may be influenced by the magnitude of both cardiac output and
limb blood flows. Specifically, it is speculated that alterations in limb blood flow may play
an important role in regulating BFAb via changes in the tone in the vascular bed of abdomi‐
nal organs during low-intensity exercise when there is little fluctuation in the magnitude of
BFAo [11]. Similarly, it is unclear whether BFAb or cardiac output at rest has a major impact
on limb blood flow in a steady state of neural response.

Day-to-day coefficients of variation in blood flow were relatively high in the femoral arteries
compared with BFAo, even though the absolute BFAo values were approximately 10 times
higher than those of blood flow in both femoral arteries. Accordingly, BFAb was more strong‐
ly related to BFAo (r = 0.966) than to BFLFA (r = 0.303) or BFRFA (r = 0.281) (Figure 7). Alterations
in BFAo that are closely related to cardiac output (except cerebral and arm blood flows) po‐
tentially have the greatest influence on BFAb, even if blood flow in the femoral arteries has
less influence on BFAb, at least at rest; accordingly, BFAo potentially has the largest influence
on BFAb as a central hemodynamic factor. Figure 7 shows that precise BFAb values may be
unreliable when there are large variations in both BFLFA and BFRFA. Thus, evaluation of BFAb

may be better expressed by the following formula: BFAb (l/min) = 0.85 × BFAo – 0.19, if Ao
measurement alone is performed (Figure 7).
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Figure 7. Relationship of blood flow in lower abdomen to the three arteries. BFAb was more strongly related to
BFAo (r = 0.966, p < 0.0001) than to BFLFA or BFRFA (r = 0.303, p = 0.0327 in LFA; r = 0.281, p = 0.0482 in RFA) (n = 50). Ao,
abdominal aorta; LFA, left femoral artery; RFA, right femoral artery; Ab, lower abdomen. Blood flow in the Ao, LFA,
RFA and Ab is defined as BFAo, BFLFA, BFRFA, and BFAb respectively. Figure adapted from Osada T. et al. [13], reproduced
with permission from The International Science Literature, Inc.

7. Effect of respiration and posture

Deep thoracic breathing in inspiration produces rapid acceleration of blood flow in veins lo‐
cated near the thorax, such as the hepatic vein, jugular vein, and inferior vena cava [54],
while the blood velocity in these veins is reduced just as rapidly at the start of expiration
[55]. Mechanical ventilation causing a higher positive end-expiratory pressure-induced in‐
crease in lung volume could impede venous return, thereby altering systemic hemodynam‐
ics and hepatic venous outflow [56]. In animal experiments, portal vein blood velocity and
hepatic arterial blood velocity were shown to decrease with positive end-expiratory pres‐
sure as a result of a simple increase in the downstream pressure [57].

Also relevant to the present method are respiratory phase and posture, which are related to
alteration in BFAb, as shown in Figure 8. The difference in BFAb was approximately 550
ml/min between inspiration and expiration in the sitting position; in the supine position, the
difference was 480 ml/min. Blood flow was significantly less in inspiration compared with
expiration in Ao, LFA, and RFA, in both the sitting and supine positions. BFAb was found to
be lower in inspiration than in expiration, in both the sitting and supine positions. Respira‐
tion-related changes in the hemodynamics of the three conduit arteries potentially lead to
alterations in BFAb. This result may be in partial agreement with the theory that respiratory-
induced alteration of BFAb occurs with impedance of venous return in the splanchnic area.

The change in intra-abdominal pressure during breathing (thoracic-abdominal movement)
possibly reflects transient changes in blood velocity in the Ao and femoral arteries. Higher val‐
ues of venous outflow are found in the hepatic and portal veins in the supine rather than up‐
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right position,  due to the effect  of  gravity [54].  In contrast,  the reduction of  BFAb in the
inspiratory phase is similar between sitting and supine, and thus no postural effect on BFAb is
seen in Figure 8. As the splanchnic circulation is intrinsically susceptible to the adverse effects
of hydrostatic force [54,58], redistribution due to postural change between sitting and supine
may differ between venous and arterial sites. Respiratory effects should be taken into account
in evaluation of BFAb determined by measurements obtained in the three arteries. The present
study demonstrated that changes in blood velocity between expiration and inspiration in the
three conduit arteries may potentially indicate alterations in BFAb, and are only minimally in‐
fluenced by posture. This phenomenon could be due to mechanical compression of vascular
flow perfusion in comprehensive BFAb or via the vasovagal response. Because respiration and
posture effects have an effect when organ perfusion is adequate, it is important not to confuse
these effects as a sign of impaired organ perfusion. Evaluation of BFAb hemodynamics in the
three conduit arteries should take respiratory effects into account.

Figure 8. Blood flow in the three arteries and lower abdomen in relation to respiration and posture. Blood flow
was significantly less in inspiration compared with expiration in Ao, LFA, and RFA, in both sitting and supine positions.
Consequently, blood flow in Ab was lower in inspiration than in expiration, in both sitting and supine positions (n =
10). Values are expressed as the mean ± standard error. Ao, abdominal aorta; LFA, left femoral artery; RFA, right femo‐
ral artery; Ab, lower abdomen. Figure adapted from Osada T. et al. [14], reproduced with permission from The Interna‐
tional Science Literature, Inc.

8. Redistribution of blood flow in the lower abdomen during/after
physical exercise

During exercise, redistribution of blood flow in splanchnic organs is caused by the constric‐
tion of the vascular beds that supply oxygen to the working skeletal muscles. Investigations in‐
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to splanchnic and renal blood flow during stressful conditions, such as exercise, have been
carried out in humans [4,5,59,60]. The correlation of splanchnic/renal blood flow and circulato‐
ry capacity (oxygen delivery) was validated such that the magnitude in the reduced blood
flows was shown to be positive linearly with the increase in percentage of whole maximum
oxygen consumption (%V̇O2max), as well as heart rate, during whole body high-intensity exer‐
cise above 90 beats per minute of heart rate [4,59]. Using the methodology, the magnitude of
BFAb was investigated during low intensity exercise namely one-legged knee extensor exercise
(Figure 9). Reduction in the BFAb also occurred at a low-intensity exercise below heart rate of 90
beats per minute and was closely related to the relative oxygen demand (Figure 9) [11].

Figure 9. Changes in blood flow in the three target arteries and in lower abdomen and oxygen consumption.
The blood flow in the lower abdomen decreased during right leg knee kicking exercise (low-intensity exercise as one-
legged knee extensor/flexor exercise) (n = 18). Values are expressed as the mean ± standard error. Ao, abdominal aor‐
ta; LFA, left femoral artery; RFA, right femoral artery; Ab, lower abdomen. Figure adapted from Osada T. et al. [11],
reproduced with permission from The American Physiological Society.

Furthermore, there is a lack of information on the magnitude in blood flow of splanchnic
area in relation to recovery after exercise with various exercise intensities. In the previous
study, the magnitude in the mesenteric artery blood flow after running exercise as measured
by Doppler ultrasound returned to basal condition according to an exponential curve show‐
ing significant reduction until 10 min of recovery [5]. Splanchnic blood flow may not be
quickly returning to basal condition immediately after the end of exercise. Consecutively, it
is considered that the increase in blood flow to the skeletal muscle (mainly leg) may be part‐
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ly compensated by the splanchnic organ blood flow not only during but also after exercise.
In fact, the mirror image of this effect has been observed in hepatic blood flow and leg blood
flow during cycling exercise from 70% to 90%V̇O2max of exercise intensity [61]. This response
potentially indicates the shift of blood flow from liver to leg. To consider the redistribution
in the lower abdominal blood flow after exercise, blood flow was measured in the Ao and
RFA, respectively, after the end of cycling exercise at three levels of exercise intensity (30%,
50% and 85% of maximum oxygen consumption) (Figure 10). The persistence of reduced
lower abdominal blood flow after the end of exercise contributes to hyperaemic blood flow
in the leg during recovery (after the end of cycling exercise) in proportion to relative exer‐
cise intensity and heart rate during recovery.

Figure 10. The changes in blood flow for abdominal aorta, femoral arteries and lower abdomen after 6-min cycling
exercise, and relationship to heart rate and work load (relative maximum pulmonary oxygen consumption). (a) The
change in blood flow was defined as the value compared with blood flow at pre-exercise. The area with gray colour is
defined as the difference in area under the curve (AUCdiff) between change in BFAo and those in BFFAs corresponding to
contribution of BFAb (≈ change in BFAb) shift to persistent hyperaemia in the legs during recovery. The arrows (↑) indi‐
cate the AUCdiff measurement between 60 and 720 s for the results in b). (b) Heart rate as well as target exercise inten‐
sity (%V̇O2max) during recovery shows a negative linear relationship with the volume for the reduction in BFAb.The
values expressed in figures are the average data for the 11 subjects at 30%V̇O2max, 11 subjects at 50%V̇O2max, and 6
subjects at 85%V̇O2max. BF, blood flow, BFAo, BF in the upper abdominal aorta (Ao) above the celiac artery bifurcation;
BFFAs, 2-folds of BF in the right femoral artery (RFA); BFAb, BF in the lower abdomen; %V̇O2max, percentage of maximum
oxygen consumption. The values are expressed as mean ± SD. Figure adapted from Osada T. et al. [15], reproduced
with permission from John Wiley & Sons Ltd.
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9. Response in post-prandial state

Many previous studies have demonstrated an increase in the blood flow in the splanchnic
area (stomach and small intestine) after digestion. A 38% increase in celiac blood flow rapid‐
ly following a liquid food, and a return to normal within 30-60 minutes has been demon‐
strated [62]. Blood flow in the superior mesenteric artery increased by more than 100% after
a solid food and by 63% after a liquid food [63]. The peak systolic and diastolic blood flow
increased significantly in coeliac and superior mesenteric arteries after a 710 kcal liquid
food. Maximum change in blood flow in the coeliac artery was observed at 40 min and then
returned to base value at 60 min, whereas superior mesenteric artery hyperaemia persisted
beyond 60 min [64].

Using our method, the increase in BFAb is also observed after the intake of 1000 kcal solid
food (Figure 11). It may be that the food induced functional hyperaemia in the splanchnic
area, coeliac and superior mesenteric arteries in lower abdomen. This method may be poten‐
tially useful for the evaluation of the comprehensive lower abdominal blood flow vasodila‐
tation in functional hyperaemia regarding nutritious meal intake.

Figure 11. Blood flow in the three arteries and lower abdomen after food intake (post-prandial state). The low‐
er abdominal blood flow increase after 1000 kcal solid food. Unpublished data. n=5, Ao, abdominal aorta; LFA, left
femoral artery; RFA, right femoral artery; Ab, lower abdomen. Values are expressed as the mean ± standard error.
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10. Limitations

The disadvantages of  the present  methods are  that  measurement  of  the three target  ar‐
teries  cannot  easily  be performed in a  short  period of  time,  and that  blood flow in the
pelvis  and  other  organs  (except  for  the  target  splanchnic  area)  cannot  be  excluded.  To
avoid over- or underestimation of BFAb,  measurement of the three target arteries should
be  performed  under  steady-state  conditions  at  rest,  with  only  minor  changes  in  heart
rate and blood pressure.

11. Potential clinical usefulness and application

Evaluation of BFAb as a quantitative assessment, encompassing physiologic flow, is a poten‐
tially useful indicator of 1) reserve blood volume and 2) blood flow in redistribution in the
lower abdominal circulation in cardiovascular and hepato-gastrointestinal disease, shock,
multiple organ failure, and stressful conditions such as following physical exercise and in
the postprandial period. The advantage of the present method is that it enables evaluation of
comprehensive BFAb without interference from intestinal bowel gas, because the three target
conduit arteries can be detected relatively easily. It may also be useful for examining patho‐
logical hemodynamics, which may influence the abdominal circulation under the conditions
of 1) extraordinary hemodynamics associated with abdominal aneurysm; 2) collateral circu‐
lation in abdominal-iliac peripheral arterial disease, as well as comparison with the post-op‐
erative state; and 3) intestinal neurological dysfunction associated with spinal disorder, in
cerebrovascular disease, and in orthostatic hypotension with vasovagal syncope.

Although Doppler methods are less commonly used for quantifying flow in the three target
arteries compared with other techniques, the measurement procedure used in the present
method is potentially clinically viable. However, because it can be time-consuming to per‐
form routine hemodynamic measurements for the three conduit arteries, measurement may
be limited to the region of the femoral arteries around the inguinal ligament close to the gen‐
ital area, which may not be an acceptable method for general use. It is possible that Doppler
ultrasound evaluation of BFAb using a single vessel (Ao) may enable the necessary informa‐
tion to be obtained (Figure 7). Also of note, because BFAb values are potentially related to
many factors, including mean arterial blood pressure and/or cardiac index, it has potential
use as a surrogate parameter for central venous saturation in the clinical setting.

12. Conclusions

The advantage in the described procedure for the determination of splanchnic hemodynam‐
ics is that it may potentially enable evaluation of the whole lower abdominal blood flows,
assessed by non-invasive measurement using cardiovascular ultrasound. In contrast, it has
the disadvantage that measurement of the three target arteries during steady heart rate and
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blood pressure can be time-consuming, and in measuring blood flow in the target splanch‐
nic area, blood flow of pelvic and other organs cannot be excluded. Respiration and posture
related to alterations in BFAb should be taken into account when measuring the three arter‐
ies. Determination of BFAb by evaluating three-conduit arterial hemodynamics using the
technique described in this review may provide a valid measurement that encompasses the
comprehensive physiologic arterial blood inflow to multiple abdominal organ systems.
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comprehensive BFAb without interference from intestinal bowel gas, because the three target
conduit arteries can be detected relatively easily. It may also be useful for examining patho‐
logical hemodynamics, which may influence the abdominal circulation under the conditions
of 1) extraordinary hemodynamics associated with abdominal aneurysm; 2) collateral circu‐
lation in abdominal-iliac peripheral arterial disease, as well as comparison with the post-op‐
erative state; and 3) intestinal neurological dysfunction associated with spinal disorder, in
cerebrovascular disease, and in orthostatic hypotension with vasovagal syncope.

Although Doppler methods are less commonly used for quantifying flow in the three target
arteries compared with other techniques, the measurement procedure used in the present
method is potentially clinically viable. However, because it can be time-consuming to per‐
form routine hemodynamic measurements for the three conduit arteries, measurement may
be limited to the region of the femoral arteries around the inguinal ligament close to the gen‐
ital area, which may not be an acceptable method for general use. It is possible that Doppler
ultrasound evaluation of BFAb using a single vessel (Ao) may enable the necessary informa‐
tion to be obtained (Figure 7). Also of note, because BFAb values are potentially related to
many factors, including mean arterial blood pressure and/or cardiac index, it has potential
use as a surrogate parameter for central venous saturation in the clinical setting.

12. Conclusions

The advantage in the described procedure for the determination of splanchnic hemodynam‐
ics is that it may potentially enable evaluation of the whole lower abdominal blood flows,
assessed by non-invasive measurement using cardiovascular ultrasound. In contrast, it has
the disadvantage that measurement of the three target arteries during steady heart rate and
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blood pressure can be time-consuming, and in measuring blood flow in the target splanch‐
nic area, blood flow of pelvic and other organs cannot be excluded. Respiration and posture
related to alterations in BFAb should be taken into account when measuring the three arter‐
ies. Determination of BFAb by evaluating three-conduit arterial hemodynamics using the
technique described in this review may provide a valid measurement that encompasses the
comprehensive physiologic arterial blood inflow to multiple abdominal organ systems.
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1. Introduction

Once the formation of cerebral and ocular structures has been completed, the simple light
stimulus is enough to activate the necessary neural circuits that integrate the visual tract. It
has been estimated that 50% of the cerebral cortex participates in the integration of the hu‐
man binocular visual system. This system is practically distributed throughout the brain.
Therefore, its study has captured the interest of various scientific fields.

The neuronal plasticity of the visual system is the theme of several current works [1, 2, 3].
Nevertheless, very little is known about the adaptive changes and about neuronal plasticity
in children who have congenital strabismus (CS), main subject of the current chapter.

The vision is a brain function highly specialized and complex [4]. The structures that per‐
form it are developed by means of division processes, migration, functional integration and
regionalization during the corticogenesis [5]. An incorrect development or a bad functioning
of the molecular, cellular or physiological mechanisms can induce an altered vision as in the
case of strabismus.

The visual process is the result of the elaboration of images generated in the cortical net‐
work. This process comprises from the moment the light stimulus reaches the retina until
the evocation of visual memories imbued with an affective component generated by the
thalamus.

In a simple way, we will  say that the visual  system is integrated by the visual  via and
cortical integrator, but in this chapter we will specifically refer to the last one [6, 7]. The
visual  via  takes  the  information in  one  direction in  an  antero-posterior  direction.  It  ex‐
tends from the eyes as sensorial receptors, arrives to the optical nerves, whose monocular
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information influences the chiasma, where the nasal sector of the monocular information
will  perform a  crossing  of  fibers,  remaining  the  temporal  fibers  without  crossing,  from
this point, the information shared by both eyes continues through the optic bands to the
primary visual cortex or striate cortex to systematize the information and generate hyper‐
complex images [4, 8]. All the steps described, up to now, are considered to form part of
the first afferent visual system.

Once the images that have been previously decoded by the striate cortex, in accordance with
its temporal frequency space, perceptual-visual process initiates [1, 9]; for that, the visual in‐
formation must be included in the intern dialog of the brain by means of the cortical net‐
work for the purpose of giving it a sense. For that, the information coming from the striate
cortex travels through the anterior portions of the brain to be processed in multiple neuronal
centers and circuits that shape the cortical integrator [4, 8].

Although the striate cortex is in charge of capturing a great amount of visual elements, it
lacks an adequate working memory, for that situation, it results impossible to process the
logic of the hyper complex images and give them a ludic sense, to identify and give sense to
the environment, it is necessary to resend the information to the working memory sited in
the thalamic cortex that adjoins the temporal lobes [4, 8].

Part of the information coming from the grooved area is directed towards the temporal
lobes to give a logic sense to answer the question “what am I seeing?” The temporal cortex
shares its proximity with the thalamus and auditory areas, because besides de affective
sense (like, dislike, danger, repulsion, attraction, etc.) the temporal area processes the visual
information to give it directionality [10, 11].

The temporal lobes cooperate with their counterpart of Magno-cellular elements that con‐
form the occipital-parietal via, this last one is the one in charge of assertively answering the
question “where is what I am seeing?” the four pathways: left and right occipital temporal
as well as the left and right occipital-parietal, give a meaning to the visual information com‐
ing from the striate cortex [2, 9].

These associative areas conduct the information that must transform in complex pre-logic el‐
ements such as the early recognition of facial expressions or manual attitudes of others
(threaten, friendship, indifference), for example, and they are the base for the realization of
some specific visual-motor functions such as reading-writing. Once the limbic system adja‐
cent to the temporal lobes, gives affective sense, motivation, and nuance to the visual infor‐
mation, all the observed can be evaluated in relation with other experiences kept in the
memory [4, 8, 12].

The cortical integrator works in parallel in an interactive form, as if it were a close cybernetic
negative feedback system; its most elaborated product is the binocular vision. It is to be ex‐
pected that the correct operation and integration of the neuronal visual network depend on
an adequate connectivity among the parts that conform the cortical network. In this context,
the visual perception is the result of the process of the information that is generated in the
neuronal circuits [1, 13, 14].
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From this point, all the information is distributed through the cortical network [1, 9] and this
is important to consider before analyzing the studies of neuroimaging, by means of a neuro‐
metric study [15], electroencephalography [16, 17], or visual perceptual study [18].

Although the CE does not initially affect the superior functions such as judgment or intel‐
lect, frequently patients who have this disease may get confused with letters, they require
more time to learn to read, are easily distracted, and in general, the development of their
activities take more time respecting the individuals with a normal vision. In fact, the chil‐
dren with strabismus present different grades of visual perceptual deficit, which we believe
is related with the alterations in the pathway of neuronal interconnection sited in the striate
cortex and the cortico-cortical and interhemispheric zones that participate in the processing
of the image [6, 15, 17, 19] as it will be forwardly described in the perceptual-visual analysis
(Table 1).

Visual perceptual ability Before the treatment After the treatment

Fusion Amplitude -0.4/-0.7 +3 /-1

Stereopsis 0% 0%

Fixation disparity H: -1.1 V: -0.4 H:-1.1 V: -0.7

Perception Speed 43% 50%

Main elements 88% 95%

Visual memory 87% 93%

Saccadic Movements 72 % 75 %

Shapes and Sizes 42% 80%

Following movements 95% 97%

Peripheral vision 42% 50%

Spatial vision 82% 85%

Table 1. Percentages before and three months after surgery for correction of congenital strabismus H: horizontal, V:
vertical.

The Computerized Visual Perceptual Analysis (CVPA) is used to meet the efficiency of visu‐
al perceptual system. The CVPA basically estimates the efficiency of the integrator in the
posterior portions of the brain, that is, the development of the occipito-temporal and occipi‐
to-parietal pathway.
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The SPECT (Single Photon Emission Computed Tomography) estimates the metabolic de‐
mand of one determined cerebral region, when measuring the energetic demand of the neu‐
ronal groups [20, 21]. In these type of studies it is used as a reporter the analog consume of
glucose radioactively marked with Technetium-99, which proportionally increments or di‐
minishes based on the functional demand [22], (Figure 1).

Figure 1. Pictures of the brain SPECT of a girl of 6 years of age. Green shows the status prior to treatment, color red
shows the status 4 months after treatment with botulinum toxin. The right hemisphere (left side of the pictures) in‐
clude zones 1 to 6, from bottom to up and the left hemisphere (right side of the picture) comprises de zones 7 to 12
from bottom to up.

This allows us to get to know the states of normal function, hyperfunction and hypofunction
related to the different neuronal groups that work in the specific zones of the brain cortex
[20, 21]. In pathologic conditions it is a very useful tool because it indicates us with high pre‐
cision the normal and affected zones (Figure 2).

The information obtained by means of SPECT has allowed a better understanding of several
events referring to the brain behavior and we have used it to determine the behavior and the
functional specialization of the visual cortex. The findings that we have found with this
methodology have been relevant for the neurology research and specifically to better under‐
stand the sickness, and has been helpful to know more about the origin, prognostic, plastici‐
ty and improve the life quality in the patients; the neuro adaptive changes that we have
found by means of the brain SPECT [23, 24] are next detailed.
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The neuronal network generates electric impulses, and this electric activity can be registered
by means of the use of the Digitalized Brain Mapping (DBM), (Figure 3), as well as the anal‐
ysis of the coherence of electroencephalography [25]. These methods provide an objective
and noninvasive index of the functional relations that exist between the areas of the brain
surface.

Figure 2. Above, to the right, the picture shows the combination of both studies (MERGE): yellow are those areas that
did not suffer many changes, red highlights areas that showed an important metabolic increase (zones 1 and 12), and
in shades of green (zones 5 and 9) are those areas that modulated their metabolic activity. At the bottom of the fig‐
ure, the graphs show uptake of Technetium-99. The black line shows the previous state to the eye alignment by the
use of botulinum toxin (Pre), the gray shows the reception levels of the glucose analog 3 months after the treatment
(Post). The increase of the uptake after the treatment indicates a greater metabolic activity in V1 and V2. Reception of
Technetium 99, the axis “X” shows the intensity level while the axis “Y” indicates the number of times that such inten‐
sity is registered
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Figure 3. The Brain Mapping shows an increase in the absolute power and hypersimetry in the posterior regions of
the brain after the surgery treatment of an 11 years old boy with congenital strabismus. Previous to the treatment he
presented slow activity and asymmetry of the background activity in occipital regions.

In a previous study, we reported the results for 193 DBM obtained from children with con‐
genital strabismus [26]. We found that 57% of the patient’s studies without treatment pre‐
sented alterations in the electric behavior that went from mild, such as intertemporal hypo
coherence, up to important such as paroxysms and epilepsy, but 6 months after the surgery
only 29% of the patients presented alterations in the electric activity (Figure 4). This motivat‐
ed to perform a more meticulous analysis of the changes of the electric behavior that happen
after the surgery by means of Neurometry [15].
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Using digitized brain mapping, the authors have discovered morphometric and neurofunc‐
tional alterations in the cerebral cortex of patients with essential strabismus, such as inter-
temporal hypocoherence, cortico-subcortical dysfunction, slowing-down and asymmetry in
the frequency, among others (Figures 3 and 4).

Figure 4. Summary of the reports of the Digitalized Brain Mapping obtained from 193 children with congenital stra‐
bismus. The dotted lines separate the sample in 4 levels: 43% were located with a normal electric behavior, 43% in
level 1 with low electroencephalographic alterations and 14% presented important alterations
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Neurometry allows us to get to know the coherence, which is determined by the activity of
the short and large interconnection fibers, intra and interhemispheric, and expresses the syn‐
chrony among neuronal groups [15, 27] (Figures 6 and 7). So, meanwhile the hypo coher‐
ence expresses the lack of capacity of connection of neuronal groups, the hyper coherence
indicates that two or more areas are over connected and work in excessive form. Besides, it
allows comparing the obtained results with normative values of the asymptomatic popula‐
tion acquiring a statistical meaning of ±2 standard deviation [26, 15], (Figures 5 and 6).

Figure 5. Neurometric report before the treatment of the intrahemispheric (up) and interhemispheric (down) coher‐
ence analysis of a 7 years old boy with congenital strabismus. The excessive hypocoherence is marked in blue color,
the excessive hypercoherence is marked in red. In abbreviation is marked by pairs the zones of interest analyzed ( O1=
left occipital, T4 = right temporal, as an example).

The Neurometry analysis has enabled us to determine that the following functional relations
are altered: occipito-temporal, occipito-parietal and, especially, inter-temporal; the latter in‐
cludes intra- and inter-hemispheric relations [10, 15, 28]. Similarly, we have employed the
brain SPECT technique to define those areas with functional deficits [29, 30].
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n a study performed by neurometric analysis we found previous to the surgery treatment of
congenital strabismus that 15 of the 16 patients showed everlasting hypocoherence [28]; but
after the surgery we found an improvement in this parameter. (Figure 6).

Figure 6. Neurometric report of the same boy as in figure 9 but 6 months after the surgical treatment. A diminish of
the hypocoherence for Delta in frontal regions, an increase of the intertemporal coherences for Alfa and the modula‐
tion of the occipito-occipital coherence are observed.

2. Statement of problem

The CS is a neurological disease that manifests as a pathological deviation of the eyes [6, 31].
It represents the maximum perturbation of the binocular visual system and affects 3% of hu‐
man beings [32, 33]. Due to the sensorial and motor alterations that characterize this disease
may be systemized in an accurate manner, and results very simple to correlate the clinic
with the neuroimage studies [26].
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Given its anatomic and functional repercussions together with its esthetic and social impact,
the predominance of CS in humans is patent [34]. In Mexico, where the majority of the pop‐
ulation has a mixture of Spanish and Native American origins, this condition is one of the
most frequent congenital disabilities [35].

However, one thing is to study the visual tract in healthy subjects and other very different
matter is the study of the cerebral cortex of individuals with functional and/or structural
asymmetries in their visual system, as happens in patients with essential strabismus. In par‐
ticular, among our main concerns are the results of surgical and pharmacological manipula‐
tions of the extra ocular muscles, which will be addressed in this chapter.

In this manner, strabismus taken as a model of study offers researchers a unique opportuni‐
ty to gain more insight into the mechanisms the brain uses to compensate the disequilibrium
in the cortical network. This network, given the nature of the disease, instead of working in
parallel presents peculiarities that should be considered in the study of brain plasticity.

The analysis of the cortical alterations inherent to strabismus has been possible due to neu‐
roimaging techniques. As a result, it has been possible to ascertain, for example, that the fine
morphometry in the brain of strabismic children is different from that in healthy children.
This is particularly patent in the posterior portions of the brain.

3. Method used

To inquire about the changes that occur in the binocular visual system are analyzed the
adaptive changes and brain plasticity before and after the ocular alignment, using the neu‐
roimage studies [36, 37]: SPECT, CVPA, DBM and Neurometry.

To identify these changes, the authors have carried out studies to determine the "before" and
"after" in the treatment of strabismus by combining various neuroimaging approaches. As a
result, have been identified positive and objective signs of brain plasticity.

To clinically study the perceptual system of the cortical network we use besides the visual
acuteness, the CVPA, which examines the 10 basic visual abilities that are detailed in the
table 1; these abilities are a reference of the functionality of the visual perceptual system [38].

To get to know the adaptive changes in the perceptual area, we carried out the CVPA on 22
children from 6 to 7 years old before and after the strabismus surgery. These children didn´t
received any additional treatment besides the surgery treatment (Table 1).

We have obtained SPECT images previous to the surgery or pharmacological treatment and
4 months after the treatment (Figures 7 and 8). The images were compared to determine the
modified area and with that we could localize specifically the metabolic modifications in the
several neuronal groups and, afterwards associate them to the neuronal funciton changes in
the patients [36].
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Figure 7. Zone 1 analysis of the SPECT (right occipital) of a 5 years old girl with congenital strabismus. The graphics
and photos show the uptake of Technetium-99, the axis “X” shows the intensity level while the “Y” axis indicates the
number of times that such intensity is registered. The black line shows the state previous to the strabismus treatment
of the first case, and the gray line shows the state after the treatment. This metabolic modulation obeys the neuroa‐
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Figure 8. Behavior of the Technetium 99 before and after the treatment with botulinum toxin in a patient of 7 years
old with congenital strabismus. The “X” axis shows the intensity level and the “Y” axis shows the number of times that
such intensity is registered, the black line shows the previous behavior and the gray line shows the behavior after the
treatment. Before the treatment, the zone 1 shows the increase of the density from 183 to 250, after the treatment an
important increase is observed in 284, possibly related to the inter-hemispheric connectivity because the patient could
obtain a binocular vision
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To quantify the neurological adaptative changes related to the CS treatment, it was analyzed
and graphed the capturing of the Technetium-99 for the purpose of establishing the grade of
hyper and hypo function of the 12 zones of interest. In this communication it is showed the
values before and after treatment in the gray scale (Figures 2, 7 and 8).

4. Results

In this study, after the surgery, it was demonstrated a certain recovery in CVPA, some of
these changes as is the case of the saccadic movements and the disparity of the fixation were
discrete, nevertheless other parameters such as perception of forms and sizes, the magni‐
tude of the fusion or the peripheral vision showed important changes. Up to here, the
changes clinically detected by CVPA indicate that there were favorable adaptive changes
(Table 1).

From a metabolic point of view, the alterations previous to the strabismus treatment include
the presence of hypometabolic regions; these regions show a substantial improvement after
the pharmacological treatment with the botulinum toxin (Figures 1, 2, 7 and 8).

The pictures of the brain cortex showed a representative example of the change observed
in several patients, in those pictures it is showed the metabolic change in special form, in
the same individual  before and after  the correction of  strabismus [4,  36,  37].  The image
was divided in 12 sections to locate the prompt changes and to make the analysis easy
(Figures 1 and 2).

From a bioelectric perspective, one of the most significant neuro-adaptive changes we have
found after the strabismus treatment is an improvement in inter-temporal and inter-parietal
coherences (Figure 9 and 10). On the other hand, we have shown the presence of hyper-sym‐
metry and higher efficacy in the cortical input of the primary visual cortex using the Neuro‐
metry technique (Figure 11). These findings are in accordance with brain SPECT results
(Figures 2 and 8).

When comparing the previous and posterior neurometries to the surgery treatment of 9
patients  of  strabismus,  we found significant  changes:  improvement  in  the  intertemporal
coherences, an occipito-occipital hypersimetry (Figure 11), as well as a diminish in the oc‐
cipital hyper-coherence, these data suggest that the surgery modifies substantially the con‐
nectivity  cortico-cotical  interhemispheric,  as  well  as  an  increase  in  the  activity  of  the
striate cortex.

The findings found are congruent with the observed in the brain SPEC, in the sense that af‐
ter the orientation of the visual axes, it was evident an exponential increase of the metabo‐
lism in the cortical areas V1 and V2 responsible of the elaboration of the hyper complex
images with the depth sense, and these favorable adaptive changes indicate the presence of
neuroplasticity in the binocular visual system in a punctual manner.
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Figure 9. Posterior neuroelectric changes to the surgical correction of strabismus in a 5 years old child. A marked hy‐
pocoherence in the occipito-parietal via before the treatment is represented with the blue line while the red line
shows an improvement for Alfa and Delta after de surgery.
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Figure 10. Neurometric analysis of a 5 years old child with congenital strabismus. The blue line showed the previous
state of hypercoherence and the green line shows the normofuntion 3 months after the treatment.
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Figure 11. Neurometric analysis of a 5 years old boy with congenital strabismus before and 3 months after the strabis‐
mus surgery- the blue line shows important occipito-occipital asymmetry before the surgery. The red line shows occi‐
pital hypersimetry after the surgery; this hypersimetry is a finding frequently found after the surgical correction of
congenital strabismus and indicates an increase in the function of the striate cortex.

5. Discussion

It is highlighted the fact that the human brain has plasticity or capacity to minimize the ef‐
fects of the injuries through the structural and functional changes [39, 40], and in the best
way to evaluate the plasticity, is by means of the clinic situation analysis with respect the
previous and posteriors state to the treatment, or more simple, determining a “before” and
“after” in the most objective possible mode, and what a better way to do it than by means of
a neuro image [36, 37, 41].

To know with more acuteness what happens with the brain plasticity, we have used differ‐
ent functional neuro-image methods such as brain SPECT, the DBM and the Neurometry as
we will next see [29, 30, 42].

Although the data obtained through the SPECT are a reflex of the cortical metabolic activity,
they don´t measure neither the activity nor the electric connectivity, for such motive it is im‐
portant to study them by means of other techniques additional to this activity. The combina‐
tion of both techniques of complementary form allows us to establish with exactness if this
events area correlated.

The authors decided to use a combination of three different neuroimaging methods before
and after the treatment of strabismus to determine some neuroadaptatives changes in pa‐
tients  with  strabismus and have  encountered significant  neuro-adaptive  changes,  which
we want to  share with the reader.  In this  chapter,  we want to  share our neuroimaging
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findings with the international scientific community, as well  as our conclusions with re‐
gard to this subject.

The idea arose due to evidence that after the correction of the strabismus, the parents re‐
ported  an  improvement  in  the  performance  of  homework  such  as  reading,  playing  or
writing, without any other different treatment than the surgery or the application of botu‐
linum toxin.

Based on these studies, we have identified metabolic and neurofunctional changes present
after the strabismus treatment. This information has shed some light in those neuro-adap‐
tive changes prompted in the cortical integrator as a consequence of the manipulation of the
extra-ocular muscles. This evidence has been obtained from neuroimaging techniques.

Regarding this long waited improvement related to strabismus, it is curious that in 1887,
George Thomas Stevens had proposed the rehabilitation of an epileptic event and chorea by
means of the optical and surgical correction of strabismus. The unusual idea of Stevens to
treat in this mode an epileptic event more than one hundred years ago motivated, and not
without reason, a scrupulous following for two and a half years to establish a commission of
distinguished neurologists pertaining to the incipient neurological society of York. This
commission in the middle of a controversial resolution dictated as unjustifiable the offer of
the treatment of that doctor [16, 43].

More than once century later, while watching our results, we found three interesting facts
related with that controversial proposal of Stevens: a) first of all ,the epilepsy is presented in
a relative higer proportion that the general population in children with congenital strabis‐
mus, in the same way that some neurological diseases that manifest epilepsy have besides
satrabismus [15], b) after the ocular alignement the metabolic and neuroelectrical cortical ac‐
tivity changes positively, c) and finally, the fact that some strabismus manifestations such as
the variability or inestability in the deviation angle worsen when a patient with strabismus
and epilepsy does not take its medicines but improve when they are under control.

Maybe, Stevens was not so wild as it seem to be on that time; of course that keeping the due
distances with what was expected to obtain. We do not suggest that by treating strabismus,
the epilepsy is corrected or improved, but now we know that the cortical network can make
important adjustments with the purpose to adapt to the new state.

It is now known that patients with congenital strabismus have a greater incidence of pre‐
senting depression, suicide, epilepsy, and attention deficit than the general population [4,
6, 15-17]. All indicates that the cortical network is implicated in the origin of strabismus
and that the correction of this disease can improve in some way the efficiency of the corti‐
cal network.

6. Conclusions

The brain plasticity obeys the brain capacity to diminish the effects of the neuronal damage,
being of genetic origin or produced by an injury [44], In spite that the cortical integrator has
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a specialization level and maximum sophistication, it remains in an invariable state; on the
contrary, the studies here shown mark that the plasticity of the visual system to compensate
the binocular privation continually present.

The funcitonal observed changes indicate that the simple fact of relocating the eyes in a way
that the corresponding areas of the retina are stimulated, allows the cortical network to be in
charge of the visual perception.

Effectively, the reactivation of areas relatively silent previous to the correction of the disease
indicate that exists a residual capacity of the binocular system to reorganize, improve its
connectivity, and the neuroconduction not only through the short and long intra and inter
hemispherical interconnection via, but also through zones that comprise great cellular
groups and that are capable of reactivating in a relative short time.

The combined use of SPECT, CVPA, DBM and Neurometry allow to best understand the
concepts of regional plasticity, distinguishing that at least in the treatment of the strabismus,
the occipital symmetry is increased, the metabolism is increased in V1 and V2, diminishes
the intertemporal hypocoherence, improves the occipito-temporal coherence and eventually
diminished the paroxysms. Clinically diminishes the angular variability, improves the per‐
ceptual parameters and in some way we believe that this helps us to contribute to a better
visual performance.

As we can see it, the cortical plasticity does not refer simply to repair the damage, but it is a
complex strategy of the cortical integrator guided to optimize the resources of the entire net‐
work, increasing the efficiency of all the visual system.

Based on all mentioned, we belive that the strabismus instead of being a merely cosmetic
problem represents a neurological alteration, and when the treatment is applied involves
neuroadaptative changes very favorable for the patient.

Nomenclatures

DBM Digitized brain mapping

SPECT Single Photon Emission Computed Tomography

CVPA Computerized Visual Perceptual Analysis

MERGE combining images computer system
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1. Introduction

The female pelvis is an anatomic region which is quite complex, because it contains some
organs and systems accomplishing different and independent functions. The uro-genital
system represents the main part of the female pelvis but there are also portions of other or‐
gans and systems such as some important blood vessels, gastrointestinal tracts, lymphatics,
nerves and parts of the musculoskeletal system. All these structures might house or generate
pelvic masses even in para-physiologic conditions, and not necessarily because of current
diseases, or congenital alterations, inflammatory illness and tumours.

In order to  understand the nature of  a  pelvic  and/or abdominal  mass it  is  necessary to
collect as many as possible clinical data. A clinical classification constitutes the first step
for finding out the aetiology.  The age is  indicative for diseases linked to different func‐
tional  periods  of  the  reproductive  system;  clinical  history  must  investigate  upon  possi‐
ble  previous  tumours,  infectious  or  metabolic  diseases  and  surgery.  When  collecting
clinical  history,  pelvic  pain  which  can  be  divided  into  acute,  chronic  and  cyclic,  must
be  directly  addressed;  alterations  of  body temperature,  gastrointestinal  symptoms (nau‐
sea,  vomiting,  diarrhoea,  constipation,  hematemesis,  melena),  urinary  tract  symptoms
(oliguria,  polyuria,  stranguria,  hematuria,  urinary  retention,  incontinence),  taste  disturb‐
ance;  pharmacological  treatment  in  progress  (anticoagulants),  previous  radiotherapy
must be addressed.

The are several gynaecological causes responsible for pelvic tumours. These are reported in
table 1.
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SITE DISEASE

Ovary:

endometriosis

organic and functional cysts

benign and malignant cancers

metastasis

Fallopian tube:

tubo-ovarian abscesses, pelvic inflammatory disease

hydrosalpinx

para-ovarian cysts

ectopic pregnancy

neoplasm

Uterus:

uterus body neoplasm

fibroma

malformations

blood-pyometra

Table 1. Gynaecological abdominal-pelvic masses with malignant clinical features.

It has also to be taken into account the possibility that a non gynaecological lesion could be
responsible for a mass. In table 2 the principal non-gynaecological causes for pelvic and ab‐
dominal swellings are reported.

The role of medical imaging

The best examination in a clinical context is undoubtedly suprapubic and endovaginal ultra‐
sonography. In young patients, especially in those who are in the reproductive age, ultraso‐
nography shows the best accuracy in the differential diagnosis of ovarian and hydrosalpinx
cysts, of the ectopic pregnancy, of uterine fibroids [1].

Ultrasonography permits to distinguish correctly between a benign and a malignant adnexal
mass and, within these groups of diseases, to give an accurate diagnosis in most of the cases.

Nevertheless ultrasonography isn’t free from errors and limitations. Diagnostic errors are
probable in the identification of masses which appear solid at US. In these cases is difficult
to evaluate the uterine or ovarian or the extra-gynaecologic origin of the lesion. These cases
require CT or MRI scan. In particular MRI has proven to be useful in detecting and staging
of gynaecological malignancies and in detecting the origin of extra-gynecological pelvic
masses [2].
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SITE DISEASE

Gastro-intestinal tract

appendicular abscess

neoplasms

diverticulitis, peridiverticular abscess

Crohn’s disease, segmental ileitis

impaction

mesenteric cysts

Urinary tract

pelvic kidney

bladder globe

urachus cyst

bladder tumours

Miscellany

lymphadenopathy

peritoneal carcinomatosis

musculo-skeletal tumours

organ ectopia (migrant spleen)

pelvic vessel aneurysms

foreign bodies

pelvic dysmorphisms

complications of previous surgery

hematomas

musculo-skeletal inflammations

Table 2. Abdominal-pelvic extra gynaecological masses with malignant clinical features

2. Intra peritoneal extra gynaecological masses

2.1. Digestive system

They are intra peritoneal masses which originate from the gastrointestinal system, are local‐
ized in the pelvis and concern essentially tumours and inflammatory diseases. It is to be tak‐
en into account that, especially in adolescents and old patients who have a very long sigma,
the loop can be palpated in the pouch of Douglas simulating, when full of faeces, an ovarian
neoplasm.

In adolescents this condition can be caused by colon-sigma non-ganglionic diseases (mega-
colon), where the altered peristalsis implies an abnormal accumulation of faecal material.
This condition can also imply the invagination of intestinal traits which is not so infrequent
especially in old patients. Among the digestive system diseases, which very frequently can
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simulate a gynaecological neoplasm, we count inflammatory diseases (acute and chronic)
and tumours.

2.2. Inflammatory diseases

An acute, but mainly chronic, inflammation could cause the clinical evidence of an abdomi‐
nal-pelvic mass and the reasons are the following:

• formation of adhesions in intestinal loops, causing wall thickening and rigidity, sub mu‐
cosa and mesentery bleeding and oedema, inflammatory reaction of peritoneum and adja‐
cent omentum.

• bowel perforation and formation of peri-visceral phlegmon; in some cases the wall break‐
ing causes the bleeding of an important vessel and shows the symptoms of haemorrhagic
or peritonitic acute abdomen.

These anatomic-pathological aspects correspond to different CT scan findings, classified by
Hinchey and his team in 4 stages, depending on the inflammation extension [3]:

• Stage 0: inflammatory thickening of the intestinal wall, with oedema of the mucosa, lumi‐
nal-stenosis, the inflammation being still circumscribed within the bowel wall.

• Stage I-II-III: abscesses, unique or multiple, showing sometimes air-fluid level images
connectible to liquid necrosis; generally these abscesses are adherent to the intestinal wall,
or to the peritoneal folds. Such a picture corresponds to the condition of the diffusion of
the inflammation beyond the visceral wall.

• Stage IV involves intestinal perforation and faecal invasion of the peritoneum (Figure 1).

Figure 1. Contrast enhanced CT scan, during a portal phase showing an inflamed sigma, with perforated diverticulum
in the medial side of the sigma.
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The intestinal  inflammation (whether  circumscribed or  widespread)  might  cause fistulas
with adjacent  anatomical  regions  and/or  the  most  declivous portions  of  the  pelvis  such
as the vagina and the rectum. The fistula is often the first symptom of the intestinal wall
inflammation.

Besides, in patients with generalized sepsis, CT scan is useful for correctly positioning of
drainage  pipes  into  the  abscesses  in  order  to  clean  them  up  by  saline  and  antibiotic
washes [4].

2.3. Neoplasms

Sigma-rectum tumours determine swellings of the left adnexal site, but they may also occu‐
py the whole pelvis or the central portion of it. These tumours might appear as solid masses
stenosing the intestinal trait where they originate from, or, rarely, masses with mainly extra
luminal development.

Not infrequently, the tumoural mass associate with an intestinal inflammatory disease.
Nonetheless, the mesenteric vessel congestion and the presence of small perivisceral liquid
collections, appear to be the CT scan signs which are most related to diverticulitis and, to a
lesser degree, tumours.

When the neoplasm does not involve the pelvic organs the CT scan diagnosis is simple and
easy, showing the reproductive system integrity. Thought not infrequently, an intestinal prim‐
itive neoplasm may strictly stick to, and infiltrate the uterus; there might also be observed ad‐
nexal neoplastic masses which are not in direct continuity with original neoplasm (Figure 2).

Figure 2. Preoperative axial contrast enhanced CT scan during late phase showing a mass growing in the left ovary
(white arrow). An adjacent mass is seen in in the sigmoid colon.

In these cases CT scan is unable to discriminate between a primitive ovarian neoplasm with
peritoneal metastasis infiltrating the sigma-rectum, and a primitive intestinal tumour with
adnexal metastasis (Krukenberg disease).
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Figure 1. Contrast enhanced CT scan, during a portal phase showing an inflamed sigma, with perforated diverticulum
in the medial side of the sigma.
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2.4. Intra peritoneal foreign bodies

The presence of foreign bodies into the peritoneal cavity represents a not so infrequent find‐
ing; they are a consequence of surgical malpractice and that’s why they’re also known as
“gossypiboma”. A “textiloma” is a complex made of a non- biodegradable foreign body plus
the surrounding reactive tissue [5].

The pelvis can be site of textiloma either because of pelvic or abdominal surgery. In fact the
position of the textiloma is affected by the omentum causing the foreign body phagocytosis
with consequent fibrinoid-granulomatous reaction and strong adhesions. In this case the
textiloma remains into the abdomen. If the surgery implies the removal of the omentum
then the textiloma can move to the pelvis. In the case of pelvic surgery, the gossybipoma
seems to have greater possibilities of changing its original position and moving either to the
pelvic or the abdominal peritoneal cavity.

Recently, in operating rooms, sterile gauze with a radio-opaque marker is being used.

Ultrasonography might be useful in the differential diagnosis of garzomas; they appear as
cystic masses, containing the foreign body in their core, with a rather irregular morphology
and completely reflecting ultrasonic waves.

At CT scan the finding of a solid mass containing helical, or vortex-like opacities, or the
presence of differently dense micro nodules, sometimes calcified, are very suggestive of tex‐
tiloma. The solid part might be expression of the exudative reaction, while the fibrinoid re‐
action has a less specific meaning. After c.m. administration a slight peripheral enhancement
of the pseudo-capsula. In this case the differential diagnosis with abscesses is very difficult.

At MRI they appear as a solid mass hypointense on T1 and hyperintense on T2, with no spe‐
cific morphologic features [6].

2.5. Ascites

Very rarely some intraperitoneal liquid collections might be considered as reproductive-sys‐
tem originating tumours. This may happen under particular conditions: patients who un‐
derwent previous surgery for abdominal masses; in the cases of intraperitoneal treatment
with radioactive drugs where are present so strong adherences causing intraperitoneal fluid
flow alterations. Bags of peritoneal effusion may also appear, and they are correctly identi‐
fied by ultrasonography as liquid masses that can be exchanged as intraperitoneal masses.
CT scan results better in defining the liquid bag topography which has low density values
(0-10 HU), excluding, more safely, the possibility for the mass to be an intraperitoneal cyst.

2.6. Peritoneal pseudomixoma

It is the accumulation of mucinous material into the peritoneal cavity. It is due to peritoneal
metastatic lesions secreting mucin; in most of the cases the principal cause is a mucinous
ovarian neoplasia, but less frequently pseudomixomas can be due to malignant mucocele of
the appendix and tumours of the stomach, of the colon, of the pancreas and of the breast.
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The pseudomixoma typical CT scan appearance is a hypodense, liquid mass localized
among the intestinal loops; sometimes, inside the lesions, can be observed images of septa or
solid buttons. The HU values range between 15 and 30.

2.7. Mesenteric panniculitis

It’s a primitive disease of the mesentery, with intraperitoneal and pelvic metastasis. It is de‐
fined as macrophage inflammatory infiltration of the mesenteric fat associated with scar-fi‐
brous component. When this last element prevails, it is defined as liposclerosis. Panniculitis
might be also consequent to previous abdominal surgery or radiotherapy.

CT scan is decisive for diagnosis: a fatty mass incorporating some mesenteric vessels with‐
out infiltrate them; the mass is homogeneous, circumscribed by a peripheral pseudocapsule
well delimited. MRI fat suppression sequences further discriminates the fat components
from the liquid ones. These aspects can be unique, affecting portions of the abdominal-pel‐
vic peritoneum with multiple foci.

2.8. Intraperitoneal tumours

Tumours of omentum and intraperitoneal spaces originate from the tissues which constitute
these structures: coelomic epithelium, mesothelium, fiber, fat and muscle connective tissue,
lymphatic and blood vessels, nerves, embryonic residues. Usually, lesions in these sites are
due to primitive abdominal tumours, especially intestinal and ovarian. Therefore, given an
intraperitoneal neoplastic mass, it has first to be considered as a metastasis unless a primi‐
tive tumoural lesion is found elsewhere.

Peritoneal tumours can be cystic (dermoids, lymphangiomas, benign and borderline serous,
micropapillary cystadenomas) and solid (serous, micropapillary cystoadenocarcinoma, ma‐
lignant mesothelioma, small round cell desmoplastic tumour, fibroma, desmoids tumour,
and others). Tumours morphology is often non-specific both at US and CT scans; It might
appear either solid or cystic depending on the kind of tissue they are made of. In some
casese they cannot be distinguished from mesenteric cysts. The more are the solid compo‐
nent and the complex aspect, the more must be the suspect of the mass being malignant.

3. Extra/retro peritoneal originating extra gynaecologic masses

3.1. Urinary system

In pre-ultrasound age was the most frequent pelvic mass the pelvic kidney originating from
urinary system, an extremely easy ultrasound diagnosis even in the gynaecologic area. It is
also possible that a pelvic supernumerary kidney leads to the same error.

Occasionally, great kidney-originating masses spreading to the pelvic retro peritoneum can
simulate reproductive-system tumours; the same goes for huge cysts, or gigantic hydro‐
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nephrosis. CT scan and MRI can, instead, easily establish the urinary-system origin of the
retroperitoneal lesions.

Other causes for urinary-system originating extra-gynaecologic masses are malformations
resulting from Müller ducts alterations associated to Wolff ducts malformations. The most
frequent are represented by uterus didelfus with blind hemi-vagina. In the latter the mass is
constituted of blood and mucus blocking the vagina. There might also originate some pock‐
ets of pelvic endometriosis, which are expression of abdominal reflux of vital endometrium.
Finally, even an atresic hemi-horn, with or without communicating endometrium, can be a
pelvic mass.

A bladder globe might resemble a pelvic mass in patients who underwent radical hysterec‐
tomy surgery or radiotherapy which damaged the bladder innervation and caused large
stagnation. The bladder can also be site of extrinsic-diffusion tumours, or huge pseudo-di‐
verticula resembling adnexal masses.

The urachus may be a site of inflammatory processes. Cysts are caused by persistence, of the
intermediate tract of the urachus, after birth which doesn’t communicate with either the
bladder or the navel and therefore may house a very slow-growing liquid collection. It ap‐
pears macroscopically as a spherical, cystic formation with muscular-fibres and urothelium-
constituted walls containing clear, citric liquid and urea. It might be an occasional finding
during an ultrasonography or a CT exam. The middle position, the front site (between the
Linea Alba and the parietal peritoneum) and the round appearance can easily suggest the
origin. These cysts, if inflamed, might be confused with pelvic inflammations.

3.2. Alterations of the sacral canal

By these terms are meant malformations of the sacral canal which is the inferior portion of
the vertebral canal. In the sacral canal are contained the spinal meninges, the final portion of
the cauda equina and the epidural space between the meninges and the bone walls; often
such malformations associate with alterations of kidney, bladder and urinary system-
growth. The malformation that is most simulating an adnexal pelvic mass is the anterior, sa‐
cral meningocele. This is constituted of meningeal herniation through anterior defects of the
sacrum-coccyx. They can be either unique or associated with more complex malformations
of the terminal thread, as in the caudal regression syndrome, in the generalized mesenchy‐
mal dysplasia (neurofibromatosis type 1 or Marfan syndrome).

The mass appears as a simple cyst, homogeneous and anechoic at US.

CT scan, but mainly MRI can precisely detect the origin of the lesion. It is possible to study
the alterations of the sacrum, anterior defects, and the whole morphology of the sacrum-coc‐
cyx using sagittal reconstruction with CT. The mass is like a simple cyst, with no enhance‐
ment and without capsule.

The main signal characteristic is T2 hyperintensity at MRI. Finally, both CT and MRI is able
to perfectly detect the neck of the meningocele (Figure 3).
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Figure 3. MPR sagittal reconstruction of a CT scan showing an anterior sacral meningocele direcly connected to the
medullar canal.

3.3. Pelvic, retroperitoneal tumours

From pelvic retroperitoneum can originate benign or malignant tumours, whose histology
might cover all the tissues normally present in the retroperitoneum; mesenchyme: sarcomas,
leiomyosarcomas, fibrosarcomas; adipose tissue: lipomas, liposarcomas; nervous system: be‐
nign and malignant schwannomas, paragangliomas, neurogenic tumors; hemangiomas: ma‐
ture and immature teratomas.

The evaluation of these masses is difficult by US. The most preferred techniques are still CT
and MRI.

CT imaging appearance is that of a solid mass, only rarely homogeneous in density; it is so
mainly as far as neurologic benign tumours (benign schwannomas) or masses rich in well-
differentiated striated muscle component (neurofibromas) are concerned. Malignant masses
are inhomogeneous, infiltrating the retroperitoneal structures.. Edged and regular contours,
the footprint of the surrounding structures without infiltration suggest the benignity.
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The masses rich in fatty component, given their retroperitoneal origin, are usually histologi‐
cally malignant and aggressive; these masses must be distinguished from all pelvic intraper‐
itoneal lipomas. Factors of malignity are represented by the inhomogeneity, the infiltrative
character of the edges and the presence of a rich, solid tissue component.

Neurofibromas are solid, neurogenic benign tumours which show enhancement in CT. Both
CT and MRI are the first-choice techniques of investigation in the suspect of a pelvic, retro‐
peritoneal mass; this is due to their ability in the topographic localization of the mass and
the good ability in the tissue characterization. Probably MRI reaches higher results in the di‐
agnostic accuracy (easy characterization of lipomas, liposarcomas and mature teratomas). If
a definitive diagnosis can't be reached by CT or MRI, then guided needle biopsy can be use‐
ful. In figure 4 a MRI scan of a schwannoma is presented.

Figure 4. MRI T2-weighted sagittal scan showing a retroperitoneal oval-shaped solid lesion (white arrow) in straight
contact with the anterior part of the sacrum, which turned out to be a schwannoma.

They must be considered, finally, other rare, non-gynecological causes for pelvic masses,
represented by neoplasias originating from different tissues of the pelvis. We can therefore
report some cases of anterior abdominal wall muscles fibromas, pelvic sarcomas, aneurys‐
mal dilatation of the iliac vessels.
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4. Tumoural markers

It has been proved that serum Ca125 are helpful in the diagnostic evaluation of pelvic masses,
particularly in adnexal masses.

An increase (ranging from 80 to 90%) of Ca125  serum levels are associated with ovarian,
epithelial,  malignant,  non-mucinous  tumours.  Besides,  Ca125  is  related  to  the  volume of
the tumour mass.  Ca125  represents the gold standard tumoural  markers for ovarian can‐
cer  in  two  different  clinical  conditions:  as  a  diagnostic  tool  for  evaluating  the  risk  of
malignancy  of  an  adnexal  mass  and as  a  monitoring  tool  in  the  evaluation  of  the  dis‐
ease state, in patients already treated for adnexal cancer [7,8].

Ca125  serum levels  equal  or  below 35  U/ml  are  normal.  Ca125  serum levels  greater  then
50-65 U/ml (in the 80-90% of postmenopausal patients)  is  associated with a malignancy.
Classifying  patients  with  increased  Ca125  and  a  pelvic  mass  by  age,  permits  a  rise  in
positive  predictive  value  of  the  association  of  80%  in  patients  older  then  50  and  only
50% in younger ones.

On the other hand this marker increases (in 60-70% of the cases) also in advanced endome‐
trial adenocarcinoma and/or in recurrence.

Other gynaecological malignant solid tumours can increase Ca125 serum levels (60% in pan‐
creatic cancer, 20-25% in breast, lung and colon tumours). Other non tumoral conditions can
be associated with increased levels of Ca125 such as endometriosis, peritonitis, tubo-ovarian
abscess, diverticulitis, adenomyosis, uterine fibroids, ascites.

Best specificity and sensitivity results have been reached by integrating different diagnostic
techniques like markers and ultrasonography and clinical history to create risk index [9].

5. Gynaecological masses: Assessment of malignity/benignity criteria
based upon morphologic and multiparametric ultrasonography

Female  pelvic  masses  are  mainly  caused  by  gynaecological  diseases.  For  classificatory
purposes it’s important to know whether the disease originates from the uterus or from
the ovaries.  This is often difficult to establish, that’s why we tend to use another classi‐
fication  based  on  malignity/benignity  criteria.  In  this  case,  the  main  goal  of  the  radiol‐
ogist  is  to  characterize  the  mass  from  a  histological  point  of  view,  using  different
imaging techniques.

The imaging main parameters are:

• size and shape;

• vascularisation;

• associated signs.
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purposes it’s important to know whether the disease originates from the uterus or from
the ovaries.  This is often difficult to establish, that’s why we tend to use another classi‐
fication  based  on  malignity/benignity  criteria.  In  this  case,  the  main  goal  of  the  radiol‐
ogist  is  to  characterize  the  mass  from  a  histological  point  of  view,  using  different
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As far as size is concerned we can say that the bigger the ovarian mass, the higher is the
probability that that mass is malignant.

As far as shape is concerned it must be considered the presence of septa, solid components
(papillary excrescences) and mass echogenicity.

The presence of septa highly increases the probability of malignity. This finding becomes
more relevant when associated with the thickness of the septa.

The presence of papillary excrescences or solid lesions inside or outside a cystic mass is
highly suggesting of malignity.

Ultrasonography permits distinguishing between cystic or solid masses. A certain mass is
defined as cystic when the content echogenicity is liquid, with back wall shadowing. On the
contrary, a completely solid mass is characterized by more or less homogeneous, multiple
internal echoes, giving it a parenchimal-like appearance. Generally speaking it can be said
that the higher the echogenicity of a mass the higher the risk of malignity.

In table 3 the most important echographic morphological criteria for the definition of malig‐
nancy scores are reported.

Simple ovarian cyst, very likely to be benign:

diameter of less than 5 cm

thin, smooth walls

anechoic content

lack of septa or less than 3, thin septa

no liquid into the Douglas space

no solid intracystic vegetations

Complex ovarian cyst likely to be malignant:

diameter greater than 5 cm

smooth, thick walls

hypoechoic or solid, homogeneous content

more than 3 thin septa

a bit of liquid in the Douglas space

no solid, intracystic vegetations

Malignant ovarian cyst:

diameter greater than 5 cm

thick, irregular, nodular walls

many thick septa

intracystic, solid component

intraperitoneal carcinomatosis

Table 3. Echographic morphological criteria for the definition of malignancy scores.
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Morphological scores for the prediction of malignancy of the masses have been made up by
ultrasonography.

Historically the parameters evaluated were size (currently it is considered an adnexal mass a
lesion with a diameter greater than 4 cm), echogenicity (considering the masses as solid,
simple cystic, complex cystic ), presence and shape of septa (single or multiple, whether or
not associated with vegetating solid components adhering to them), and persistence over
time of the tumour.

Since 1974, Kobayashi reported a 70% diagnostic accuracy of ultrasound in the differentia‐
tion of ovarian cancer from other pelvic tumours. The presence of papillae, nodules and
thickened septa within cysts were elements suggestive of malignant adnexal disease [10]. In
1979 De Land showed how the risk of malignancy increased linearly with the increase of the
solid component within the mass [11]. More recently, Hermann, in 1987, classified the pelvic
masses into three categories in relation to the morphological complexity: simple cystic
forms, complex forms and solid forms [12].

In 1989 Grandberg went another step further, precisely defining others parameters. He de‐
fined: the number of the intracystic papillae, the solid, intracystic component percentage
and the presence of septa, reporting the malignancy risk percentage for each of those pa‐
rameters [13].

In 1990 Jacobs tried to introduce a multifactorial score for the diagnosis of malignancy. He
did it considering: the gynecological examination, the trans-abdominal ultrasound and the
determination of serum Ca125.  It was devised an echographic-morphological score assign‐
ing the value 1 to each parameter: multiloculated cyst, presence of solid spots, evidence of
metastasis, presence of ascites, bilateral adnexal lesions. All these parameters were includ‐
ed in  an analysis  that  showed how statistically  significant  were  the  age,  the  postmeno‐
pausal status, the ultrasound score, the Ca125 value and the clinical impression. This score
has been defined as RMI (risk of malignancy index) [14]. In 1992 Kuriak linked flow met‐
ric data obtained by Colour Doppler to the morphologic score proposing a multiparamet‐
ric score [15].

Recently, in 2011 a new scoring sistem was proposed called Pelvic Masses Score (PMS). It
takes into account the Sassone score, the base 10 logarithm of the Ca125 level, the central/
septal vascular distribution, the menopausal state and the resistance index [15, 16,17].

Currently, morphological scores have been extensively used in clinical practice mainly be‐
cause they allowed a better morphologic characterization of pelvic masses.

The vascularisation of a pelvic mass is the second element for a diagnosis of malignancy.
Once again, ultrasonography represents the first step in the evaluation of this data. The echo
color Doppler examination of a pelvic mass has to be performed when there are masses
which are strongly suspected to be malignant. Clearly benign masses don’t need such ex‐

Differential Diagnosis for Female Pelvic Masses
http://dx.doi.org/10.5772/53139

339



As far as size is concerned we can say that the bigger the ovarian mass, the higher is the
probability that that mass is malignant.
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not associated with vegetating solid components adhering to them), and persistence over
time of the tumour.
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tion of ovarian cancer from other pelvic tumours. The presence of papillae, nodules and
thickened septa within cysts were elements suggestive of malignant adnexal disease [10]. In
1979 De Land showed how the risk of malignancy increased linearly with the increase of the
solid component within the mass [11]. More recently, Hermann, in 1987, classified the pelvic
masses into three categories in relation to the morphological complexity: simple cystic
forms, complex forms and solid forms [12].

In 1989 Grandberg went another step further, precisely defining others parameters. He de‐
fined: the number of the intracystic papillae, the solid, intracystic component percentage
and the presence of septa, reporting the malignancy risk percentage for each of those pa‐
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In 1990 Jacobs tried to introduce a multifactorial score for the diagnosis of malignancy. He
did it considering: the gynecological examination, the trans-abdominal ultrasound and the
determination of serum Ca125.  It was devised an echographic-morphological score assign‐
ing the value 1 to each parameter: multiloculated cyst, presence of solid spots, evidence of
metastasis, presence of ascites, bilateral adnexal lesions. All these parameters were includ‐
ed in  an analysis  that  showed how statistically  significant  were  the  age,  the  postmeno‐
pausal status, the ultrasound score, the Ca125 value and the clinical impression. This score
has been defined as RMI (risk of malignancy index) [14]. In 1992 Kuriak linked flow met‐
ric data obtained by Colour Doppler to the morphologic score proposing a multiparamet‐
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Recently, in 2011 a new scoring sistem was proposed called Pelvic Masses Score (PMS). It
takes into account the Sassone score, the base 10 logarithm of the Ca125 level, the central/
septal vascular distribution, the menopausal state and the resistance index [15, 16,17].

Currently, morphological scores have been extensively used in clinical practice mainly be‐
cause they allowed a better morphologic characterization of pelvic masses.

The vascularisation of a pelvic mass is the second element for a diagnosis of malignancy.
Once again, ultrasonography represents the first step in the evaluation of this data. The echo
color Doppler examination of a pelvic mass has to be performed when there are masses
which are strongly suspected to be malignant. Clearly benign masses don’t need such ex‐
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amination. Nevertheless the echo color Doppler examination may be very useful in the in‐
terpretation of a mass which isn’t clearly benign [15].

The pathogenic factor that justifies the use of colour Doppler in the differential diagnosis of
a pelvic mass nature, is represented by the fact that the tumour’s new vessels lack a muscu‐
lar coat, and that causes low resistance to blood flow, generating low Pulsatility Index and
Resistive Index values and absence of diastolic notch.

Besides it has to be considered that the flowmeter samples must be multiples and collected
from different parts of the mass, that is, not only from the periphery but, more importantly,
from the core of the mass. In fact, we believe that many malignant tumours tend to start the
new vessel production from the centre of the mass, while peripheral lesion vessels may re‐
sult from preexisting vessels. A peripheral vascularization of the mass is basically benign,
often deriving from ipsilateral uterine artery. Intralesional vascularisation and the presence
of vessel in the solid component of the mass or in the septa or papillae, are elements that
strongly suggest malignancy. The vascular confluence represents another indication of ma‐
lignancy [18].

6. Ovarian benign and malignant tumours: Anatomical and pathological
classification

Malignant ovarian tumours represent the fifth death cause among US female population;
the sixth neoplasia for frequency, the second, most frequent female tumour after endometri‐
al ones and the first death cause as far as gynaecologic tumours are concerned [19].

This illness is more frequent in peri-or post-menopausal women, but there are characteristic
histological types for each age group. In adolescents and in women who are younger than
20, half of the tumours comes from germ cells; in post menopausal age they have a most fre‐
quent epithelial origin.

The causes for the occurrence of ovarian cancer are not defined; epidemiological studies
show that the most affected people by ovarian cancer are represented by peri or post-meno‐
pausal, middle or upper class, with no children or just one and with problems in getting
pregnant women.

The majority of ovarian tumors begins without well-defined symptoms; as a matter of fact
early stages are mostly incidental findings representing just a 20%. In most of the cases they
are diagnosed when they are at an advanced stage, that is when the cancer has spread out‐
side the pelvis. The most common symptoms are given by the effect on neighbouring or‐
gans: polyuria, dysuria, constipation, sudden increase in abdominal circumference,
amenorrhoea, polymenorrhea.

In table 4 WHO histological classification of the tumours of the ovary is presented.
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TYPES SUBTYPES

Surface epithelial-stromal tumours

Serous tumors

Mucinous tumors

Endometrioid tumors (including variants with squamous differentiation)

Clear cell tumours

Transitional cell tumours

Squamous cell tumours

Mixed epithelial tumours (specify components)

Undifferentiated and unclassified tumours

Sex cord-stromal tumours

Granulosa-stromal cell tumours

Sertoli-stromal cell tumours

Sex cord-stromal tumours of mixed or unclassified cell types

Steroid cell tumours

Germ cell tumours

Primitive germ cell tumours

Biphasic or triphasic teratoma

Monodermal teratoma and somatic-type tumours associated

with dermoid cysts

Germ cell sex cord-stromal tumours

Tumours of the rete ovarii Adenocarcinoma, adenoma, others

Miscellaneous tumours Small cell carcinoma, Hepatoid carcinoma, Wilms tumours, others

Tumour-like conditions
Luteoma of pregnancy, Stromal hyperthecosis, Stromal hyperplasia,

Fibromatosis, others

Lymphoid and haematopoetic tumours Malignant lymphoma, Leukemia, Plasmacytoma

Secondary tumours
Gastro-intestinal tract (stomach, colon, pancreas), Breast, Renal cell

carcinoma, Melanoma, Others

Table 4. WHO histological classification of tumours of the ovary.

7. FIGO staging

Ovarian tumours spread by contiguity, through the intra peritoneal route, by blood and
lymphatic. 9% of cases in advanced stage show intra peritoneal carcinomatosis, and 70% as‐
cites.

In table 5 the ovarian tumour FIGO staging is reported [19].

The adnexal masses invasion by contiguity is the direct infiltration of the adjacent anatomi‐
cal structures. Hence the bladder can be involved through neoplastic deposits in the vesico-
uterine fold. The sigma-rectum can also be involved through the rectovesical pouch. In both
cases the tumour infiltration very rarely reaches the mucosa.

The intraperitoneal tumour spreading follows the physiologic routes. The most affected sites
are: the rectovesical pouch, the para-colic gutters (especially the right one), and the right
sub-diaphragmatic peritoneum.
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The majority of ovarian tumors begins without well-defined symptoms; as a matter of fact
early stages are mostly incidental findings representing just a 20%. In most of the cases they
are diagnosed when they are at an advanced stage, that is when the cancer has spread out‐
side the pelvis. The most common symptoms are given by the effect on neighbouring or‐
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Luteoma of pregnancy, Stromal hyperthecosis, Stromal hyperplasia,
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Secondary tumours
Gastro-intestinal tract (stomach, colon, pancreas), Breast, Renal cell
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Table 4. WHO histological classification of tumours of the ovary.

7. FIGO staging

Ovarian tumours spread by contiguity, through the intra peritoneal route, by blood and
lymphatic. 9% of cases in advanced stage show intra peritoneal carcinomatosis, and 70% as‐
cites.

In table 5 the ovarian tumour FIGO staging is reported [19].

The adnexal masses invasion by contiguity is the direct infiltration of the adjacent anatomi‐
cal structures. Hence the bladder can be involved through neoplastic deposits in the vesico-
uterine fold. The sigma-rectum can also be involved through the rectovesical pouch. In both
cases the tumour infiltration very rarely reaches the mucosa.
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The omentum, through its phagocytic function, collects cancer cells and constitutes an ovari‐
an cancer typical site for cell proliferation. Lymphatic drainage of the ovary in the pelvis
and, in the para aortic zone through the infundibulum pelvic ligament, permits the pelvic
and lombo-aortic lymphatic metastatic spreading. Neoplastic emboli, reach the left subclavi‐
an vein through the thoracic duct, penetrate into the bloodstream and stop in the lung. Pul‐
monary involvement happens directly through both ovarian veins and the pelvic venous
plexus. Upper abdominal metastases (most of the cases liver and spleen) seem to be related
to blood-borne neoplastic emboli originating from the sigmoid and superior haemorrhoidal
plexus.

STAGE DESCRIPTION

I Tumour limited to ovaries

IA one ovary affected, no ascites, absence of capsular infiltration, absence of neoplastic proliferations on the

outer surface of the mass;no malignant cells in ascites or peritoneal washings.

IB Tumour limited to both ovaries; capsule intact, no tumour on ovarian surface; no malignant cells in ascites

or peritoneal washings.

IC Tumour limited to one or both ovaries with any of the following: capsule ruptured, tumour on ovarian

surface, malignant cells in ascites or peritoneal washings

II Tumour affecting one or both ovaries with pelvic extension

IA Extension and/or implants on uterus and/or tube|s|;no malignant cells in ascites or peritoneal washings

IB Extension to other pelvic tissues; no malignant cells in ascites or peritoneal washings

IC Pelvic extension (2a or 2b) with malignant cells in ascites or peritoneal washings

III Tumour involves one or both ovaries with microscopically confirmed peritoneal metastasis outside

the pelvis and/or regional lymph node metastasis

IIIA Microscopic peritoneal metastasis beyond pelvis

IIIB Macroscopic peritoneal metastasis beyond pelvis 2 cm or less in greatest dimension

IIIC Peritoneal metastasis beyond pelvis more than 2 cm in greatest dimension and/or regional lymph node*

metastasis

IV Distant metastasis (excludes peritoneal metastasis)

Note: Liver capsule metastasis is T3/stage III, liver parenchymal metastasis M1/stage IV. Pleural effusion

must have positive cytology for M1/stage IV.

NOTES The classification applies to malignant surface epithelial-stromal tumours including those of borderline

malignancy. (Non-epithelial ovarian cancers may also be classified using this scheme).

*. Regional lymph nodes are the hypogastric (obturator), common iliac, external iliac, lateral sacral, para-

aortic, and inguinal nodes.

Table 5. Ovarian tumours FIGO staging
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8. Indications for CT scans and MRI.

The use of CT and of MRI in the preoperative phase of malignant ovarian tumours it’s a
debated argument even today. A correct diagnosis can be done using only ultrasound, as
reported in this chapter. However, it is essential to know the CT and MRI appearance of
these tumours mainly because they are easy to compare in investigations performed for
other purposes.

In literature there are numerous publications which compare ultrasound, CT and MRI for
their ability to distinguish between malignant and benign pelvic masses. The CT reaches a
specificity and sensibility of about 92,8 and 88% respectively based on the morphology of
the lesions and their vascularization after the injection of Contrast Material [20,21].

In our Institution all MDCT studies were performed using a 64-multislices MDCT system
(Somatom Sensation 64, Siemens medical solutions, Forchheim, Germany). MDCT images
were obtained from the abdomen and pelvic, covering the area from the diaphragm to the
symphysis pubis (craniocaudal). The contrast medium (IOVERSOL 350 mg /ml – Optiray,
Covidien Imaging Solutions, Hazelwood, MO) was administered at a dose of 1.5 mL per
kg,  with a  variable  flow rate  of  3-4  mL per  second through the antecubital  vein of  the
right arm.

MRI with paramagnetic contrast Material, on the other hand, not only distinguishes better
gynaecological lesions from non-gynaecological ones, but also allows a better tissue charac‐
terization of the mass. The CT aspect of an ovarian malignant mass is characteristic though,
as ultrasound, it is not able to define the anatomical-pathological variant. The mass can be
localized exclusively in the adnexal site or, if size is conspicuous, involve the entire pelvic
region. Sometimes, when the whole pelvis is filled with the tumour, it is impossible to make
out the adnexal origin. The masses are usually complex with thickened and often nodular
walls. Not infrequently there are numerous intralesional septa delimiting different chambers
which vary in density and are not communicating with each other. Solid components, usual‐
ly growing in the liquid section of the mass, are often present at the confluence of the thick‐
ened septa. An ovarian cancer very rarely infiltrates the retroperitoneal pelvic structures
reaching the bone wall.

Even though it’s large and closely adjacent to bladder and bowel, this cancer very rarely
fully infiltrates these structures’ walls, and if there were infiltrations they’d just involve
some peritoneal folds and the rectovesical pouch. The nodular peritoneal dissemination can
be correctly evaluated by CT scan in the presence of ascites which facilitates the detection of
nodules adhering to the intestinal tract and between the mesenteric sheets. The parenchymal
nodules adhering to hepatic peritoneum, gastro-colic, gastro-duodenal and spleno-gastric
ligament, are more easily distinguishable. An indirect sign of peritoneal microscopic infiltra‐
tion is the rigidity of the peritoneal layers taking a radial, rail and fanned aspect. When the
omentum is highly involved than it’s called “omental cake”finding. The great omentum,
which has the function of filtering the free, peritoneal liquid, becomes the site of neoplastic
solid metastases, sometimes very large, which often join, forming a neoplastic plaster adher‐
ent to the anterior parietal peritoneum [22].
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which vary in density and are not communicating with each other. Solid components, usual‐
ly growing in the liquid section of the mass, are often present at the confluence of the thick‐
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reaching the bone wall.

Even though it’s large and closely adjacent to bladder and bowel, this cancer very rarely
fully infiltrates these structures’ walls, and if there were infiltrations they’d just involve
some peritoneal folds and the rectovesical pouch. The nodular peritoneal dissemination can
be correctly evaluated by CT scan in the presence of ascites which facilitates the detection of
nodules adhering to the intestinal tract and between the mesenteric sheets. The parenchymal
nodules adhering to hepatic peritoneum, gastro-colic, gastro-duodenal and spleno-gastric
ligament, are more easily distinguishable. An indirect sign of peritoneal microscopic infiltra‐
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At MRI, the malignant ovarian cancer appears as a big, heterogeneous solid and cystic mass.
The solid component shows, in T1, low or intermediate signal intensity, while the intensity
is quite high in T2. This aspect, however, can be conditioned by the presence of intra lesional
haemorrhagic foci, or areas of necrosis. Also the cystic component of the complex mass can
have a different signal behaviour. The malignant cystic, ovarian tumours contain abundant
proteinaceous or haemorrhagic material causing a high signal intensity both in T1 and in T2.
After intravenous paramagnetic contrast material injection, some thickening of the capsule
can also be detected, with the presence of septa or intra-cystic vegetations which can be ei‐
ther associated to the mass solid component or not. By gadolinium administration it is ob‐
tained an optimal characterization of the solid components of the complex adnexal mass [23]

Lately, Diffusion weighted Imaging (DWI) as a useful tool to improve the radiological diag‐
nosis of malignant tumors, especially for endometrial and cervical tumours. Concerning
ovarian cancer, while initially promising DWI in cystic ovarian tumors proved to be limited,
particularly for differentiating benign from malignant lesions [24–25]. In a large retrospec‐
tive analysis the majority of malignant ovarian tumors, mature cystic teratomas, and endo‐
metriomas exhibited abnormal signal intensity on DWI, whereas benign lesions did not. A
Few studies addressed the use of DWI for peritoneal dissemination of gynaecological cancer
assessment: a high sensitivity (90%) and specificity (95.5%) in evaluation of peritoneal dis‐
semination was proven. Nevertheless, the study population was small [24,25].

Preoperative evaluation of upper abdominal organs by ultrasonography or CT scan is im‐
portant. At the disease onset, in fact, spleen or liver metastases are frequently found accord‐
ing to the tumour stage [26]. For this reason, staging must always include the study of upper
abdominal organs. The intraperitoneal, often multifocal, spread of the ovarian cancer is very
frequent and well assessable by both CT and MRI (Figure 5).

Figure 5. A Contrast Enhanced CT scan showing typical intraperitoneal calcified implants in a serous papillar ovarian
cancer (III stage FIGO classification).
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The results of preoperative CT and MRI in advanced stages of ovarian cancer can predict the
success of the radical surgery. The residual post-surgery tumor must be absent or of a diam‐
eter less than 2 cm. This is a very important goal: in these conditions the patients respond
better to chemotherapy and have a more favorable prognosis. Through a quantitative score
that examines five common anatomic, frequently affected by the disease sites by CT scan,
one can select the patients who are eligible to the initial radical treatment. The criteria for the
tumor unresectability include the presence of metastases with a diameter greater than 2 cm
localized in the following sites: mesenteric root; gastro-splenic ligament; epiploic pouch;
hepatic hilum; hepatic, intrasegmental peritoneal reflection; diaphragm and liver dome. Be‐
sides other unresectability criteria are: lymphadenopathy greater than 1 cm above the celiac
zone; presence of extraperitoneal, presacral disease [26].

9. Adnexal inflammation, tubo-ovarian abscesses and Pelvic
Inflammatory Disease (PID)

By the term PID it’s meant female genitalia inflammations not only affecting reproductive
organs but also the whole pelvic zone, including the pelvic peritoneum. From a pathogenet‐
ic point of view PID includes primary and secondary forms, representing In the primary
forms, which represent more than 90% of the cases, the inflammation affects initially the
lower genital tract (cervico-vaginal tract), spreading subsequently to the uterus, the adnexal
glands up to the pelvic peritoneum. In the pathogenesis exogenous factors are involved of
such as sexually transmitted germs and instrumental factors; or endogenous factors as in the
case of the pathological transformation of cervico-vaginal saprophyte flora. The secondary
forms,which are quite rare, are determined from the diffusion to the internal genitalia,
through blood, lymphatic or by contiguity, of pathogenic microorganisms from extragenital
outbreaks: pyelitis, cysto-pyelitis, cystitis, colitis but especially appendicitis, peri-appendi‐
ceal abscess, diverticulitis.

For each pathogenic PID form there have been recognized risk factors. In the case of the
primitive exogenous venereal PID they are represented by the young age, frequency and
precocity of sexual relationships, number of partners and sex during the menstrual phase.

In the case of primitives exogenous iatrogenic PIDs the most important risk factors are: the
use of intrauterine devices (IUD), voluntary termination of pregnancy, endometrial biopsies,
hysteroscopy, hysterosalpingography and tubal insufflation. The PID aetiology needs to be
continuously updated. It is currently considered to be poly-microbial. We assisted to a re‐
duction of the pathogenic role of Neisseria gonorreae down to 15-20% compared to associa‐
tion of both aerobic and anaerobic germs: streptococci, staphylococci, E.Coli (10-40%);
Mycoplasma (10-30%), Chlamydia trachomatis (40-60%). PID includes several pelvic diseas‐
es clinically distinguishable into acute and chronic forms. Acute infections are caused by
uterine cervical flora that spreads from the mucosal surface to the uterus and fallopian
tubes, finally affecting the pelvic and/or abdominal peritoneum. The subacute and chronic
form widely varies in extension and severity, including tubal lesions with the formation of
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pelvic liquid collections and connectival reaction widespread, or by formation of extensive
and tenacious adhesions. In order to have an accurate and early PID diagnosis it is essential
to the use of imaging techniques. Laparoscopy is essential not only for recognizing the dis‐
ease but also in order to isolate the pathogenic germs, favouring a targeted therapy.

Based on the laparoscopic findings there are three distinct forms of acute salpingitis, each
with different prognostic significance:

• light form: the tubes are hyperemic, edematous, covered with exudate or by deposits of
fibrin, but are mobile and with patent ostia;

• moderate form: the signs are more evident and there are doubts about the ostia patency;

• serious form: there is pelvic and peritoneal inflamnation with closed ostia and/or abscess
formation.

Ultrasonography was used to confirm the pelvic abscess clinical diagnosis, thanks to its ac‐
curacy, sensitivity and specificity. Compared to laparoscophy, endovaginal ultrasonography
can recognize almost all of the cases of severe tubal damage, but just 65% of slight tubal
damage. Ultrasonography is also very helpful in the follow-up of pelvic inflammation pa‐
tients, for evaluating the effectiveness of therapy.

On the other hand ultrasonography may be negative both in the acute and in chronic salpin‐
gitis. In PID detection of some liquid into the recto-vescical pouch, it may result easy with
US, and it may have a higher diagnostic value whenever the liquid presented diffuse or in‐
homogeneous echogenicity, indicating a blood or purulent collection.

CT scan is not so useful as far as mild and moderate forms are concerned; it’s crucial in the
recognition and evaluation of the chronic PID.

MRI seems to be very useful in the diagnosis of this disease; it is in fact possible to character‐
ize the inflammation activity, better distinguishing the acute state from the subacute and
chronic ones.

The salpingitis initial phase, which is characterized by hyperemia and edema, can be lapa‐
roscopically evaluated but not by ultrasound, CT scan and MRI. However, it is a very short
lasting phase and is rarely demonstrated even by a early laparoscopy. Salpingitis often fol‐
lows and is associated with endometritis which can be sonographically demonstrated: the
uterus is large, with loss of normal endometrial echogenicity and with irregular, undefined
borders; sometimes the cavity may contain hypoechoic material. Even CT scan and MRI
don’t show, at this stage, any ovarian alterations, while in the presence of endometritis non‐
specific uterine abnormalities can be detected: hyper- hypodense endocavitary formations
(due to liquid collections) with no enhancement after CM injection.

In the exudative phase, exudate collects in the tubes, covers the fimbrial peritoneum and can
spill out of the still open tubal ostium, or, when it’s closed, the tubes stretch and become fil‐
led with exudate (laparoscopically moderate or severe PID).

By ultrasound, adnexal region appears magnified, with well-defined contours and with a
cystic appearance; begins to form a multilobed, often multisepted, sausage-like mass. The
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content can be more or less echogenic depending on the blood or exudative component. In
some cases of this last condition some pseudo-niches determined by thickening of the tubal
mucosa are observable inside the dilated tube.

By CT scan the adnexal region may appear swollen and inhomogeneous; after the CM ad‐
ministration it can be highlighted a marginal rim of intense enhancement delimiting the var‐
ious ectatic portions of the tube. The pious-sactosalpinge has a more or less folded
intestinal-like appearance and by this feature it can be distinguished from other ovarian liq‐
uid formations; the density is varying from serous to corpuscular (Figure 6).

Figure 6. MPR coronal reconstruction of a Contrast Enhanced CT scan during portal phase showing bilateral swelling
of the tubes which have an intestinal like appearance in a sactosalpingitis (white arrows).

If an early therapy it hasn’t been established, the next step of the inflammation involves the
involvement of the ovary. The bag filled with pus extend the the fallopian tubes and ovarian
parenchyma making them lose their cleavage planes, wrapped by tenacious adhesions. The
tubo-ovarian abscess rupture (3.5%) is a surgical emergency. The tubo-ovarian abscess ap‐
pears as an adexal or retro-uterine mass, often with internal baffles and sometimes images
of gaseous levels. During the appropriate antibiotic treatment the mass becomes better de‐
fined and cystic. It can often be found some liquid into the recto-vescical pouch and endo
uterine abnormalities can coexist. The echo color Doppler may be helpful in the mass char‐
acterization. The hyperaemia and angiogenesis caused by acute inflammation result in an
increase of both systolic and diastolic flow velocity, with decreased PI and RI. These altered
flow conditions may be reversible during the gradual disappearing of the inflammation. The
differential diagnosis must consider the acute salpingitis with sactosalpinx, the tubarian pio‐
cele, other conditions of chronic pelvic inflammation without masses.

CT scan, at this stage, detects the adnexal or retro-uterine mass. After CM administration, in
the most acute forms, may be evident an intensely enhanced, marginal rim, which is a typi‐

Differential Diagnosis for Female Pelvic Masses
http://dx.doi.org/10.5772/53139

347



pelvic liquid collections and connectival reaction widespread, or by formation of extensive
and tenacious adhesions. In order to have an accurate and early PID diagnosis it is essential
to the use of imaging techniques. Laparoscopy is essential not only for recognizing the dis‐
ease but also in order to isolate the pathogenic germs, favouring a targeted therapy.

Based on the laparoscopic findings there are three distinct forms of acute salpingitis, each
with different prognostic significance:

• light form: the tubes are hyperemic, edematous, covered with exudate or by deposits of
fibrin, but are mobile and with patent ostia;

• moderate form: the signs are more evident and there are doubts about the ostia patency;

• serious form: there is pelvic and peritoneal inflamnation with closed ostia and/or abscess
formation.

Ultrasonography was used to confirm the pelvic abscess clinical diagnosis, thanks to its ac‐
curacy, sensitivity and specificity. Compared to laparoscophy, endovaginal ultrasonography
can recognize almost all of the cases of severe tubal damage, but just 65% of slight tubal
damage. Ultrasonography is also very helpful in the follow-up of pelvic inflammation pa‐
tients, for evaluating the effectiveness of therapy.

On the other hand ultrasonography may be negative both in the acute and in chronic salpin‐
gitis. In PID detection of some liquid into the recto-vescical pouch, it may result easy with
US, and it may have a higher diagnostic value whenever the liquid presented diffuse or in‐
homogeneous echogenicity, indicating a blood or purulent collection.

CT scan is not so useful as far as mild and moderate forms are concerned; it’s crucial in the
recognition and evaluation of the chronic PID.

MRI seems to be very useful in the diagnosis of this disease; it is in fact possible to character‐
ize the inflammation activity, better distinguishing the acute state from the subacute and
chronic ones.

The salpingitis initial phase, which is characterized by hyperemia and edema, can be lapa‐
roscopically evaluated but not by ultrasound, CT scan and MRI. However, it is a very short
lasting phase and is rarely demonstrated even by a early laparoscopy. Salpingitis often fol‐
lows and is associated with endometritis which can be sonographically demonstrated: the
uterus is large, with loss of normal endometrial echogenicity and with irregular, undefined
borders; sometimes the cavity may contain hypoechoic material. Even CT scan and MRI
don’t show, at this stage, any ovarian alterations, while in the presence of endometritis non‐
specific uterine abnormalities can be detected: hyper- hypodense endocavitary formations
(due to liquid collections) with no enhancement after CM injection.

In the exudative phase, exudate collects in the tubes, covers the fimbrial peritoneum and can
spill out of the still open tubal ostium, or, when it’s closed, the tubes stretch and become fil‐
led with exudate (laparoscopically moderate or severe PID).

By ultrasound, adnexal region appears magnified, with well-defined contours and with a
cystic appearance; begins to form a multilobed, often multisepted, sausage-like mass. The

Medical Imaging in Clinical Practice346

content can be more or less echogenic depending on the blood or exudative component. In
some cases of this last condition some pseudo-niches determined by thickening of the tubal
mucosa are observable inside the dilated tube.

By CT scan the adnexal region may appear swollen and inhomogeneous; after the CM ad‐
ministration it can be highlighted a marginal rim of intense enhancement delimiting the var‐
ious ectatic portions of the tube. The pious-sactosalpinge has a more or less folded
intestinal-like appearance and by this feature it can be distinguished from other ovarian liq‐
uid formations; the density is varying from serous to corpuscular (Figure 6).

Figure 6. MPR coronal reconstruction of a Contrast Enhanced CT scan during portal phase showing bilateral swelling
of the tubes which have an intestinal like appearance in a sactosalpingitis (white arrows).

If an early therapy it hasn’t been established, the next step of the inflammation involves the
involvement of the ovary. The bag filled with pus extend the the fallopian tubes and ovarian
parenchyma making them lose their cleavage planes, wrapped by tenacious adhesions. The
tubo-ovarian abscess rupture (3.5%) is a surgical emergency. The tubo-ovarian abscess ap‐
pears as an adexal or retro-uterine mass, often with internal baffles and sometimes images
of gaseous levels. During the appropriate antibiotic treatment the mass becomes better de‐
fined and cystic. It can often be found some liquid into the recto-vescical pouch and endo
uterine abnormalities can coexist. The echo color Doppler may be helpful in the mass char‐
acterization. The hyperaemia and angiogenesis caused by acute inflammation result in an
increase of both systolic and diastolic flow velocity, with decreased PI and RI. These altered
flow conditions may be reversible during the gradual disappearing of the inflammation. The
differential diagnosis must consider the acute salpingitis with sactosalpinx, the tubarian pio‐
cele, other conditions of chronic pelvic inflammation without masses.

CT scan, at this stage, detects the adnexal or retro-uterine mass. After CM administration, in
the most acute forms, may be evident an intensely enhanced, marginal rim, which is a typi‐

Differential Diagnosis for Female Pelvic Masses
http://dx.doi.org/10.5772/53139

347



cal sign of ongoing inflammation. In the acute and sometimes even in chronicle forms the
central part of the swelling presents various densities but not contrast enhancement; some‐
times there are baffles which delimit internal chambers. In chronic forms the mass may
present irregular contours, inhomogeneous density and contrast enhancement.

In neglected cases and in those which do not respond to treatment, the inflammation ex‐
tends to the entire pelvic peritoneum, the bowel, the contralateral ovary, the bladder and the
ureters. The anatomical-pathological framework includes peritoneal inflamnation, distant
abscesses and, in the chronicle evolution, adhesions between peritoneal organs, inflammato‐
ry infiltration of the peritoneum and retroperitoneal tracts.

By ultrasonography, the pelvis appears very irregular showing ill-defined, irregular con‐
toured masses with both solid and liquid component; under these conditions, the uterus and
the ovaries can be indistinguishable. It can be associated, in this framework, hydrouretero‐
nephrosis.

CT scan easily recognizes the pelvis structural-anatomical upheaval. By CT scan/MRI certain
signs are very obvious which, if present, provide an accurate picture of the disease severity.
These signs are: fascial and peritoneal thickening; peri-rectal, peri-vescical, intestinal, pre-sa‐
cral, pre-vescical and latero-pelvic fat’s increase in density and inhomogeneities; involve‐
ment of extra-genital structures; masses that can be dumped to the uterus, may spread to the
recto-vescical pouch and to the parametrium. The contours are irregular and hazy [27].

MRI seems to play an important role in the diagnosis of pelvic inflammation as can be used
in the initial phase of the disease (the exudative one), or in the tubo-ovarian abscess and pel‐
vic peritonitis. By MRI, the tubo-ovarian abscess appears as a simple or complex cystic mass,
with irregular but neat and well defined walls. The cystic component has signal intensity
similar or modestly higher than fluid one (low T1 signal and high T2 one); only rarely it may
present a high protein content and therefore a blood-like signal (Figure 7).

Figure 7. Axial MR scan of a bilateral acute salpingitis. Huge dilatation and bilateral swelling of the tubes can be seen.
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10. Metastatic tumours

Ovarian metastatic tumours are quite frequent: they are about 5-10% in the US, and 15-18%
in Japan. On Imaging it has to be always considered the possibility of a metastatic tumour
whenever a pelvic mass is found. Nevertheless is has been observed that even using all the
different imaging methods and machines they can’t differentiate with certainty a primary
pelvic mass from a secondary one. Both by ultrasonography and CT scan have been descri‐
bed the Krukenberg tumours whose pattern may greatly vary. The common gastric Kruken‐
berg presents a solid, homogeneous, bilateral mass pattern (Figure 8), while the metastasis
from colon-rectum have a more often cystic, complex, necrotic pattern.

Figure 8. Contrast enhanced CT during portal phase showing two heterogeneously enhanced round masses in a pa‐
tient suffering from gastric cancer. Histology of the resected masses showed signet-ring cells consistent with Kruken‐
berg metastases.

At US gastric Krukenberg tumours can be bilateral, consisting of complex masses with dif‐
ferent percentages of solid and cystic components, frequently associated with ascites. At CT
scan Krukenberg tumours are described as mainly solid, with rich peripheral C. E., with
cystic component in the cortical or intralesional site masses. The cystic components’ walls
present a high C.E.

At MRI It is represented by a solid, T2 hypointense, consisting of dense stromal tissue com‐
ponent. It has been than observed that when an apparentely malignant adnexal mass is bi‐
lateral, shows well defined but irregular contours, is associated with peritoneal
carcinomatosis without ascites, it is 7 times more likely to be a Krunenberg than a primary
ovarian tumor.

11. Cystic ovarian teratomas

Mature cystic ovarian teratomas are benign tumours recognisable, using various imaging
techniques, by certain characteristics. Already from direct examination of the pelvis, it is
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possible to obtain very clear images showing teeth-like characteristics, either singular or
grouped from a common germinal follicle.

The appearance of dermoid cysts at US is highly variable and depends on the homogeneity
and composition of the newly formed tissue. The calcifications inside the mass, character‐
ised by acoustic barriers, are not, however, pathognomonic, as they are also seen in other
benign tumours (Brenner) or in malignant adnexal masses. Similar images can be also fre‐
quently observed in teratomas and it is possible to recognise not only the Rokitansky pro‐
tuberance, but also the presence of skin appendages, locks of hair, sebum and glands. The
fatty component can also present crude images indicating acoustic barriers, located within a
fluid; this is due to varying acoustic impedance of different fat components.

The ultrasound morphology of the mass can be that of a homogenous formation, with ele‐
vated echogenicity and a solid appearance; on the other hand it can appear as a cystic for‐
mation, either simple or complex depending on the acoustic impedance of the intralesional
structures. In some cases, the ultrasound cannot provide a definite diagnosis of teratoma
and in others it cannot exclude malignant characteristics.

In CT scans however, the appearance of dermoid cysts is often pathognomonic. CT is the
ideal method to evaluate tissue fatty components, leading to a correct diagnosis in case of
adnexal fatty mass. Even when other hypodense tissue, like sebum and hair, are present, the
fat is recognisable and the, usually, polymorphic appearance in the ultrasound is defined
more clearly. CT scans can also correctly identify calcification, better define their morpholo‐
gy and therefore reach a diagnosis. In CT scans it is also very easy to identify fat buoyancy,
a pathognomonic sign of dermoid cysts (Figure 9).

Figure 9. A Contrast Enhanced CT scan showing a huge lesion in the left hemipelvis (white arrow). A fluid –fat level
can be seen within the lesion; there is a heterogeneous floating part with soft tissue density. This lesion turned out to
be a dermoid cyst.
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Even in magnetic resonance imaging (MRI) the diagnosis of dermoid cysts is based on the
evidence of fat within the lesion. T1 and T2 weighted images are not enough for this pur‐
pose and so fat suppression techniques need to be implemented (Figure 10).

Figure 10. T2-weighted images non-fat saturated (left picture) with fat saturation (right picture) in a MRI scan of a
patient with a pelvic mass (white arrow), showing a heterogeneous mass in the left ovary in which there is a signal
drop in fat saturated image. The mass proved to be a dermoid cyst.

A differential diagnosis is necessary for endometriotic and mucinous cysts. Diagnostic diffi‐
culties may arise when there is a small fat component, or a high levels of hematic content
that masks the fatty signals. MRI can correctly evaluate fatty levels and fat buoyancy com‐
ponents, like the Rokitansky nodule; these semiological aspects help differentiate diagnosis.
Chemical shift artifacts caused by the presence of fat are also useful in the diagnosis of der‐
moid cysts. Intravenous administration of gadolinium causes contrast enhancement of the
cyst walls and of the Rokitansky nodule [28,29].

Mature teratomas are, in most cases, benign tumours; on occasion, there may be an imma‐
ture component, with malignant characteristics; this occurs in about 1% of all benign terato‐
mas. The tumour most commonly associated with the teratoma is the squamous-cell
carcinoma.

Malignancy signs in a dermoid are indicated by tissue showing clear enhancement. In addi‐
tion, as the malignant component often infiltrates different dermoid tissues, the capsule, or
the extracapsular anatomic structures, it is possible to assess the nature of the cyst by its ag‐
gressive morphological appearance. Complications of cystic dermoids are represented by
ovarian torsion, or by acute rupture of the mass in the peritoneum.

It is also important to remember that a dysontogenetic pelvic mass may not necessarily orig‐
inate from the ovary. Sacrococcygeal teratoma and primary retroperitoneal teratomas are
more frequent. Sacrococcygeal teratomas are most common dysontogenetic masses in in‐
fants; the diagnosis can also be done in uterus, with direct ultrasound visualisation of a pre-
sacral mass often associated with polyhydramnios. In many cases the masses are visible
externally, developing in the subcutaneous tissue of the intergluteal area;

The masses can have macroscopic appearances, ranging from predominantly cystic, to
mixed, to predominantly solid; the last one is most likely to be malignant.
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possible to obtain very clear images showing teeth-like characteristics, either singular or
grouped from a common germinal follicle.
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quently observed in teratomas and it is possible to recognise not only the Rokitansky pro‐
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Figure 9. A Contrast Enhanced CT scan showing a huge lesion in the left hemipelvis (white arrow). A fluid –fat level
can be seen within the lesion; there is a heterogeneous floating part with soft tissue density. This lesion turned out to
be a dermoid cyst.
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Even in magnetic resonance imaging (MRI) the diagnosis of dermoid cysts is based on the
evidence of fat within the lesion. T1 and T2 weighted images are not enough for this pur‐
pose and so fat suppression techniques need to be implemented (Figure 10).

Figure 10. T2-weighted images non-fat saturated (left picture) with fat saturation (right picture) in a MRI scan of a
patient with a pelvic mass (white arrow), showing a heterogeneous mass in the left ovary in which there is a signal
drop in fat saturated image. The mass proved to be a dermoid cyst.
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gressive morphological appearance. Complications of cystic dermoids are represented by
ovarian torsion, or by acute rupture of the mass in the peritoneum.

It is also important to remember that a dysontogenetic pelvic mass may not necessarily orig‐
inate from the ovary. Sacrococcygeal teratoma and primary retroperitoneal teratomas are
more frequent. Sacrococcygeal teratomas are most common dysontogenetic masses in in‐
fants; the diagnosis can also be done in uterus, with direct ultrasound visualisation of a pre-
sacral mass often associated with polyhydramnios. In many cases the masses are visible
externally, developing in the subcutaneous tissue of the intergluteal area;

The masses can have macroscopic appearances, ranging from predominantly cystic, to
mixed, to predominantly solid; the last one is most likely to be malignant.

Differential Diagnosis for Female Pelvic Masses
http://dx.doi.org/10.5772/53139

351



Imaging plays an important role in the diagnosis of these tumours: firstly, through CT ad
MRI scans it is possible to differentiate between other abnormalities of the terminal filum
such as meningocele and myelomeningocele. It is possible to identify other abnormalities al‐
so associated with teratomas in the sacrococcygeal area. Rarely it’s possible to observe the
growth into the vertebral canal or bone destruction due to teratoma. The association with
anal stenosis, vesicoureteral reflux, presacral abscess and skin changes may be indicative of
Currarino syndrome.
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