Role of Endoscopy and Novel Imaging
in GERD
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Introduction

Gastro esophageal reflux disease (GERD) is a condition which develops due to
reflux of gastric contents into the esophagus causing symptoms, complications, or
both.

GERD-related symptoms are common, affecting 25-30% of the general popula-
tion in the west. Recent studies suggest a worldwide increase in prevalence of at
least 4% per year [1].

GERD is less prevalent in the Asia Pacific region but appears to be on a rapidly
rising phase [2]. Needless to say, it causes a significant decrease in quality of life
and is a huge economic burden [3, 4].

Upper gastrointestinal endoscopy and examination of the esophagus has been the
most widely used modality for the diagnosis and grading of severity of erosive
reflux disease and its complications. It also allows tissue sampling and application
of therapeutic procedures like dilatation and endoscopic mucosal resection [5].
Quite expectedly, with the increasing prevalence of GERD, the usage of upper GI
endoscopy is on the rise.

Standard endoscopy using white light endoscopy has been the norm. However,
more than 60% of patients with reflux symptoms suffer from nonerosive reflux dis-
ease (NERD) and show no visible changes on white light endoscopy (WLE).

Novel imaging technologies are now evolving which enable better visualization
of mucosal details. These technological advances, such as digital chromoendos-
copy, help circumvent the limitations of WLE in reflux disease by (a) improved
detection of subtle irregularities and (b) characterization of anomalies and possible
optical biopsies, providing real-time diagnosis.
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This chapter aims to discuss the role and appropriate utilization of endoscopy
and novel imaging technology in patients with GERD.

Indications for Endoscopy in GERD

High-definition, high-resolution endoscopy is now widely available and accepted as
standard endoscopic care for GERD across the globe. It enables direct visualization
of the esophageal and gastric mucosa and allows tissue sampling for histology.
GERD is the most common indication for endoscopy.

It is important to clarify here that the diagnosis of GERD can usually be made on
the basis of clinical symptoms alone. Additionally, as mentioned earlier, 50-85% of
patients with GERD have nonerosive reflux disease with a normal endoscopy. The
sensitivity of endoscopy for GERD is low, but it has high specificity at 90-95%.
Empiric medical therapy with once-daily proton pump inhibitors is therefore an
appropriate initial step for uncomplicated disease, and a routine endoscopy is not
warranted. Endoscopy is indicated only if 4-8 weeks of twice-daily PPI fails to
resolve the symptoms [6].

It has been debated whether a screening endoscopy should be done in patients
with well-controlled symptoms for detection of complications like Barrett’s esopha-
gus (BE) or esophageal adenocarcinoma. However, an endoscopy in every patient
with GERD would be a low-yield, high-cost procedure and would still not detect BE
in asymptomatic individuals. Also, numerous studies have now shown that the abso-
lute risk of adenocarcinoma in women even with symptoms is low. Similarly, the
incidence is low in patients <50 years of age and the non-Caucasian population.
Recent guidelines by the British Society of Gastroenterology have clearly stated
that screening endoscopy in an unselected population with reflux symptoms is not
feasible [7]. A reasonable and plausible approach would be to individualize to
patients with chronic symptoms with multiple risk factors (at least three of: age
50 years or older, white race, male sex, obesity). A family history of adenocarci-
noma would also warrant an early examination.

Endoscopy at presentation is indicated only in certain specific situations, listed
below. These include the presence of alarm symptoms of weight loss, dysphagia,
anemia, bleeding, or recurrent vomiting, or the presence of extra-esophageal symp-
toms like hoarseness of voice and cough. The probability of lesion detection is
much higher in the presence of alarm symptoms. In a recent retrospective analysis
of 30,337 patients with dysphagia as an alarm symptom, more than 50% had signifi-
cant findings, primarily stricture formation.

Indications for Endoscopy in Patients with GERD

1. GERD symptoms that are persistent or progressive despite appropriate medical
therapy

2. Dysphagia or odynophagia

3. Involuntary weight loss O5%
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. Evidence of GI bleeding or anemia

. Finding of a mass, stricture, or ulcer on imaging studies

. Evaluation of patients with suspected extra-esophageal manifestations of GERD

. Screening for BE in selected patients (as clinically indicated)

. Persistent vomiting

. Evaluation of patients with recurrent symptoms after endoscopic or surgical anti-
reflux procedures
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Follow-up endoscopy is advocated in patients with a documented severe esopha-
gitis (Los Angeles classification: Grade B and above; Table 6.1) after 8 weeks of PPI
therapy. This helps ensure complete healing and duration of PPI usage. Additionally,
it can detect Barrett’s esophagus in previously denuded esophageal epithelium.
Generally, no further endoscopy is needed if the follow-up endoscopy is normal.

Repeated endoscopies are often needed in cases of esophageal strictures because
recurrence is common, requiring repeated dilatations. The timing of these endosco-
pies can usually be guided by the presence and severity of symptoms. In asymptom-
atic patients with a history of a peptic stricture a repeat endoscopy is not required.

Table 6.1 The modified Los Angeles classification of esophagitis

Grades Image

Grade One (or more) mucosal breaks no longer than
A 5 mm that do not extend between the tops of
two mucosal folds

Grade One (or more) mucosal break more than
B 5 mm long that do not extend between the
tops of two mucosal folds

Grade | One (or more) mucosal breaks that are

C continuous between the tops of two or more
mucosal folds but which involve less than
75% of the circumference

Grade | One (or more) mucosal breaks which involve
D at least 75% of the esophageal circumference
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Surveillance endoscopy has been advocated for the early detection of dysplasia
and/or malignancy in BE by many guidelines. These have been based primarily on
observational data studies that indicate that surveillance correlates with earlier stage
and improved survival from cancer. There are no randomized controlled trials.
Accordingly, upper endoscopy with multiple four-quadrant biopsies every 3 to
5 years is considered adequate. More frequent examinations may be required in
patients with dysplasia due to the enhanced risk of progression. Serial endoscopy
for the detection of BE in patients with chronic GERD symptoms is not
recommended.

Endoscopy for Diagnosis and Grading of Severity of GERD

Upper endoscopy is the standard for documenting the presence and extent of esoph-
agitis and excluding other etiologies for the patient’s symptoms.

Edema and erythema are the earliest endoscopic signs of acid reflux, but these
findings are nonspecific and dependent on the quality of endoscopic images. Other
signs are friability, granularity, and red streaks as a direct consequence of gastric
acid injury. Mucosal friability is due to enlarged capillaries near the mucosal sur-
face. Red streaks develop upward along the ridges of the esophageal folds.
Progressive acid injury causes shallow breaks or erosions in the mucosa surrounded
by erythema.

Erosions start at the gastroesophageal junction, occurring along the tops of
esophageal mucosal folds where acid injury is most prone. Finally, ulcers develop,
indicating more severe form of esophageal damage involving mucosa or submucosa
[8, 9].

Endoscopy also allows for biopsies in patients with irregular or deep ulceration
and any mass lesion or obvious nodularity and to rule out Barrett’s esophagus.

Numerous studies have shown a specificity of more than 95% for the diagnosis
of GERD. However, it is important to remember here that more than 50% of patients
with GERD symptoms have a normal endoscopy. Also, there is often no correlation
between the severity of symptoms and the endoscopic findings. Empirical treatment
with proton pump inhibitors resolves the symptoms in many cases, further support-
ing the recommendation that endoscopy is not warranted in all cases of GERD.

There are several classification systems for the grading of endoscopic severity of
GERD. The Los Angeles (LA) classification has been the most widely used (see
Table 6.1). The severity of endoscopic findings on LA classification has correlated
well with the pH-metry data. This system has demonstrated good intra- and interob-
server agreement [10].
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Role of Newer Imaging Technologies in GERD
and Complications

There are two primary limitations of conventional white light endoscopy (WLE) in
the GERD spectrum:

Nonerosive Reflux Disease More than 60% of patients suffering from reflux
symptoms show no visible changes on WLE [11]. Consequently, NERD has
remained a heterogeneous disease with reflux symptoms and an unpredictable
response to antireflux therapy. It appears possible that minute mucosal changes and
minimal change esophagitis are not adequately visualized by conventional WLE
[12, 13].

Barrett’s Esophagus (BE) and Surveillance Amidst the increasing worldwide
prevalence of GERD is the rising incidence of complications, including BE and
esophageal adenocarcinoma [14]. Here again early neoplastic lesions are difficult to
diagnose with WLE. Four-quadrant biopsies every 2 cm length is time consuming
and has been associated with high sampling error. Moreover, the low incidence
(0.5% per year) reduces the cost-effectiveness of this laborious surveillance mea-
sure (Fig. 6.1a and b) [14-16].
Endoscopic imaging today has evolved beyond the confines of white light endos-
copy to advanced optical imaging with a precise and real-time endoscopic diagnosis
[17]. It has also helped in the early diagnosis of complications with targeted biop-
sies (Fig. 6.2a and b).

These technological advances have helped circumvent the limitation of WLE in
reflux disease by (a) improved detection of subtle irregularities, and (b) character-
ization of anomalies and possible optical biopsies, providing real-time diagnosis.

Fig. 6.1 (a) Barrett’s esophagus on WLE; (b) on NBI a ridged pit pattern with regular vascular
pattern clearly identified
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Fig. 6.2 NBI in the detection of complications. (a) Long-term peptic stricture with proximal
ulceration on WLE. (b) Area of irregular microvessel pattern noted on NBI with magnification
(inset). Carcinoma in situ detected on targeted biopsy

Newer imaging technologies used in GERD can be categorized into:

1. Image-enhanced endoscopy or field enhancement technologies. This involves
contrast enhancement using dye (chromoendoscopy) or digital techniques
including:

(a) HRME
(b) NBI, i-scan, FICE
(c) Autofluorescence endoscopy

2. Virtual histology or point enhancement for in vivo histological examination dur-
ing endoscopy:

(a) Confocal laser endomicroscopy
(b) Endocytoscopy

High-Resolution Magnification Endoscopy (HRME)

High-resolution magnification endoscopy (HRME) involves the use of high-
resolution endoscopes of around 850 K pixel density with a movable lens and optical
zooming facility of up to x200 magnification. This results in a higher-resolution
magnified image with the ability to detect and discriminate minute lesions [18].
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HRME has been able to identify subtle changes such as punctuate erythema,
pinpoint vessels, and triangular indentations above the Z line (GE junction) in sub-
jects with otherwise normal WLE [12].

A few studies have evaluated these changes as markers of minimal change
esophagitis in NERD. Kiesslich et al. demonstrated endoscopic signs of minimal
change esophagitis for the prediction of NERD in 39 patients before and after treat-
ment with esomeprazole [19]. In a small pilot study of 18 patients, we found subtle
vascular pattern changes including the comma-shaped intrapapillary capillary loops
in subjects with nonerosive reflux disease, which resolved after PPI therapy [20].

HRME was described for detection of BE by Guelrud in 2001 [21] and a Japanese
group in 2002 [22]. Subsequently HRME alone for the characterization of BE has
not been much reported. However, increased detection rates of intestinal dysplasia
and high-grade dysplasia have been reported when HRME is used in conjunction
with indigo carmine dye spraying or NBI [23].

The primary limitation of magnification endoscopy has been a substantial inter-
and intraobserver variability with unacceptable kappa levels. The advent of newer
generation endoscopes including narrow-band imaging with greater contrast
enhancement has better defined and categorized the changes of both minimal change
esophagitis and BE.

Chromoendoscopy

Chromoendoscopy involves the topical application of dyes for image enhancement
during endoscopy. Vital stains which actively stain the cells and contrast stains,
which are not absorbed but pool in the crevasses of the mucosa, are used. Of these,
Lugol’s iodine, methylene blue, and indigo carmine are most commonly used for
the esophagus [18].

Lugol’s iodine has been used to identify minimal mucosal breaks and can iden-
tify minimal change esophagitis in a subset of patients with NERD and normal
WLE. Iodine is absorbed by the glycogen-containing nonkeratinized squamous epi-
thelium of the normal esophagus. Inflammatory or dysplastic squamous epitheliums
do not stain and appear as unstained streaks [24].

Methylene blue and indigo carmine spraying has primarily been used to charac-
terize BE [25, 26]. Five distinct patterns of columnar-appearing mucosa have been
identified including small/round, straight, long oval, tubular, and villous. Metaplastic
tissue has been associated with the tubular and villous patterns in reported series.
The results of chromoendoscopy for the diagnosis of dysplasia in BE have been
quite inconsistent. However, there has been a consistent and significant reduction in
the number of biopsies required for diagnosis [18, 26].

Overall chromoendoscopy has limited usage in GERD in view of inconsistent
results, possible DNA effects of the vital dyes, inability to detect superficial vascu-
lar patterns, and of course the time-consuming and messy procedure. The advent of
the no-dye “switch of the button” digital chromoendoscopy is set to replace chro-
moendoscopy [27-29].
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Digital Chromoendoscopy (NBI/i-scan/FICE)

Digital chromoendoscopy has been developed as an alternative method of visual
enhancement similar to chromoendoscopy. These novel optical technologies include
narrow-band imaging (NBI), i-scan, and FICE, which can demonstrate and distin-
guish the alteration in the pit pattern and vasculature between inflammatory and
neoplastic lesions [30].

Narrow-band imaging developed by Olympus Medical Systems (Olympus,
Japan) is the most well-recognized advance in endoscopic imaging. This involves
the placement of narrow-band pass filters to obtain tissue illumination at selected
narrow wavelength bands, enhancing visualization and assisting in tissue character-
ization, differentiation, and diagnosis.

i-scan from Pentax (Montvale, NJ) and Fuji Intelligent Chromo Endoscopy
(FICE) (Fujinon, Wayne, NJ) on the other hand involve spectral estimation technol-
ogy and are based on post-imaging processing. There is no optical filter involved in
contrast to NBI. Only a limited number of studies have been reported with i-scan/
FICE.

NBI of the Normal Esophagus

On NBI, the stratified squamous epithelium of the esophagus appears featureless
and has no pit pattern. There is a regular palisading capillary network. The intrapap-
illary capillary loop (IPCL) pattern, which is barely visible on WLE, is clearly out-
lined on NBI and plays an important role in the diagnosis of GERD and related
complications [30]. The normal IPCL is a smooth-running, small-diameter capillary
vessel positioned upright from a branching vessel about 10 pm in size. The branch-
ing vessels appear green, while the IPCLs are observed as dark brown loops/dots on
NBI [31].

IPCLs have shown characteristic changes including dilatation, prolongation,
meandering, and irregularity in form and caliber, according to the extent of tissue
atypism from inflammation to dysplasia and cancer. Many of these publications are
in Japanese. Inoue et al. have actually classified IPCLs from Type I (normal), Type
II (inflammation), Type III (borderline), Type IV (carcinoma in situ), to Type V
(invasive CA) (Fig. 6.3) [31, 32].

NBI Endoscopy in GERD

Conventional WLE has often been considered to be a relatively insensitive test for
GERD because it is able to identify lesions in only 40% of cases with symptoms.
[33] The ability of NBI to depict subtle mucosal lesions has improved the diagnostic
accuracy in GERD.

Various subtle changes not seen regularly on WLE have been noted on NBI. These
have included: (a) increased Type II IPCLs (elongated and arranged in linear orien-
tation) above the Z line; (b) punctate erythema proximal to the Z line; (c) increased
vascular markings distal to the Z line; (d) triangular indentations of columnar
mucosa at the SC junction; and (e) islands of squamous epithelium distal to the Z
line.
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Fig. 6.3 The IPCLs: Type I to Type V. Note the gradual dilatation, tortuosity, and change in cali-
ber from normal to esophageal malignancy

Some of these changes have been found to be reversible on PPI therapy and may
represent the true endoscopic markers of minimal change esophagitis.

Sharma et al. in the landmark study of 80 patients with GERD reported an
increased number and dilatation of IPCLs as the best predictors of GERD on multi-
variate analysis. The maximum, minimum, and average number of IPCLs per field
was significantly greater in GERD. Also, a significantly higher proportion of
patients with GERD had changes in the number (OR 12.6; p > 0.00001), dilatation
(OR 20; p > 0.0001), and tortuosity (OR6.9; p > 0.001) of IPCLs [34].

Similarly, we evaluated 60 patients with NERD on WLE by NBI. Minimal
changes were detected in 21 patients. Increased and dilated IPCLs were noted most
frequently in 19/21 (90.4%) patients. Increased vascular markings with hyperemia
and punctate erythema proximal to the Z line was detected in 15/21 (71.4%).
Interestingly, these resolved in 95% cases on PPI (pantoprazole) therapy [35].

Fock et al. in a recent study of 107 subjects used simpler criteria to identify mini-
mal change disease. Micro-erosions, increased vascularity, and pit pattern at the GE
junction not seen on WLE were identified on NBI. Micro-erosions were present in
100%, 92.8%, and 23.3% of GERD, NERD, and controls, respectively. An increase
in vascularity was noted in 95.1% GERD, 91.7% NERD, and 36.7% of controls.
The increase in vascularity with the absence of round pit pattern was helpful to dif-
ferentiate NERD from controls, with a sensitivity of 86.1% and specificity of 83.3%,
respectively. In addition, there was good interobserver agreement for the presence
of micro-erosions (kappa 0.89), increased vascularity at SCJ (kappa 0.95), and
round pit pattern (kappa 0.80) [36].
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Figs 6.4 (a) Normal-appearing GE junction on WLE; (b) fine linear erosion clearly visible on
NBI; (¢) typical appearance of minimal change esophagitis with dilated IPCLs arranged in a linear
fashion (inverted fir tree)

A recent study found subjects with minimal changes on NBI (normal on WLE)
responded better to PPI. Accordingly, NBI could be used for prediction of therapeu-
tic response to PPI in NERD. [37].

The ability of NBI to depict small erosive foci could also increase consistency in
the grading of erosive disease (GERD). On NBI, the limit between the squamous
and columnar epithelium is clearly demarcated. Inflamed mucosal breaks appear
dark brown, corresponding to the crowding of capillaries. This provides a sharp
contrast to the greenish featureless epithelium. We find a classical appearance of
minimal change esophagitis on NBI in a subset of patients with normal WLE (Fig.
6.4a—c). This includes a central fine ridge above the Z line, with plenty of dilated
intrapapillary capillary loops (IPCLs) arranged in a linear fashion giving an inverted
fir tree appearance, which resolves on PPI therapy [38]. In a recent comparative
study of endoscopic images of 230 patients by WLE and NBI, both intra- and
interobserver reproducibilities in grading esophagitis were improved with NBI
(kappa 0.62 vs. 0.45) [39].

It appears reasonable to infer that a subset of patients with NERD would have
minimal change esophagitis, which would respond therefore to PPI therapy. NBI
endoscopy would thereby substantially improve our ability to predict therapeutic
response in patients with reflux disease and optimize therapy.

There are still some limitations on the routine use of these endoscopic criteria in
clinical practice. The assessment of dilated and tortuous IPCLs could be subjective,
and objective manual counting of IPCLs is time consuming and complicated, as
only a small area can be seen at one time.

Feasibility of FICE/I-Scan for the Diagnosis of GERD
These post-processing systems have been recently evaluated for the detection of
mucosal breaks in GERD. Publications are limited.

In a study of 50 patients with reflux symptoms, the detection rates of mucosal
rates improved with i-scan. The degree of esophagitis could be upgraded in 10% of
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cases [40]. A similar small study with FICE has shown higher sensitivity, NPV, and
accuracy than WLE. However, the interobserver agreement was poor [41].

NBI Endoscopy in Barrett’s Esophagus

Barrett’s esophagus (BE) is a known premalignant lesion and has been attributed to
the increasing incidence of esophageal adenocarcinoma, especially in the western
world. Accordingly, regular surveillance of BE with random four-quadrant biopsies
every 1-2 cm has been the standard practice. However, the distribution of dysplasia
within BE is patchy and not clearly visible with WLE. The random biopsy tech-
nique is thus suboptimal and subject to sampling error.

The role of NBI in detection of BE and early cancer has been evaluated in quite
a number of studies. A spectrum of changes from columnar epithelium (CLE) to
high-grade dysplasia (HGD) and malignancy has been described.

Kara et al. classified Barrett’s according to the mucosal pattern (flat, villous/
gyrus, irregular), vascular pattern (regular, irregular, long branched), and the pres-
ence of abnormal blood vessels. Intestinal metaplasia was associated with the vil-
lous/gyrus patterns in 80% of cases and a flat mucosa in 20% of cases. On the other
hand, high-grade dysplasia was characterized by irregular/disrupted mucosal and
vascular patterns with abnormal blood vessels [42].

Sharma et al. used a simplified version with mucosal (ridged/villous, regular,
irregular) and vascular (normal and abnormal) patterns. Here the ridged/villous pat-
tern had a sensitivity, specificity, and PPV of 93.5%, 85%, and 94.7%, respectively,
for the diagnosis of SIM. The distorted vascular pattern had a sensitivity and speci-
ficity of 100% and 98.7% [43].

Goda et al. used a more elaborate classification of the mucosal patterns into
round/oval, long, straight, villous, cerebriform, and irregular and vasculature into
honeycomb, vine-like, coiled, ivy-like, and irregular [44].

Singh et al. have recently proposed a combined classification based on both the
mucosal and vascular patterns: (1) Pattern A, round pits and regular vasculature; (2)
Pattern B, villous/ridged pits and regular vasculature; (3) Pattern C, absent pits but
regular microvasculature; and (4) Pattern D, distorted pits with irregular microvas-
culature. Pattern A had a high PPV (100%) and NPV (97%) for CLE without
SIM. Patterns B and C were indicative of SIM. Pattern D had a PPV and NPV of
81% and 99%, respectively, for high-grade dysplasia [45].

A recent meta-analysis assessed the accuracy of NBI for the characterization of
dysplasia in BE with histopathology, in which 446 patients with 2194 lesions were
assessed. It revealed a high diagnostic precision for HGD with a pooled sensitivity,
specificity, diagnostic accuracy, and AUC revealed of 0.95 (95%CI 0.87-1.0), 0.65
(95% CI10.52-0.78), 37.53 (95% CI1 6.50-217.62), and 0.88 (SE 0.08), respectively.
NBI was also able to characterize SIM with high sensitivity, but the specificity was
poor [46].

Although these studies have shown promising results for NBI in detection of
intestinal metaplasia and HGD, all were performed by experts in single centers and/
or involved relatively small numbers of patients. By contrast, a study comparing
NBYI, indigo carmine chromoendoscopy, and acetic acid chromoendoscopy found no
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benefit from the enhanced imaging methods in identifying early neoplasia in
Barrett’s esophagus [47].

NBI vs. WLE in BE
Head-to-head comparison of NBI and conventional WLE in BE has been done in
terms of sensitivity, specificity, diagnostic accuracy, and image quality.

Hamamoto et al. reported improved visualization of important structures with
NBI. They used a scoring system of 0—4 to grade the quality of images. The squa-
mocolumnar junction was visualized with a score of >3 in 57% of NBI compared to
17% with WLE (p = 0.0002). The blood vessel and CLE observation was also higher
with NBI (100% vs. 80%) [48]. Curvers et al. also reported significantly better
image quality with NBI compared to WLE (11.3 vs. 10.9 on visual analog scale;
p = 0.01). Interestingly however, the diagnostic yield of neoplasia did not improve
(81% vs. 83%) [49]. Singh et al. in a recent study found a significant difference
between NBI and WLE in the detection of high-grade dysplasia (95% vs. 62.5%
p < 0.006). In this study, a combination of WLE with NBI and magnification
achieved a sensitivity, specificity, and accuracy of 90.2, 95, and 91.7% [50].

We find that a majority of studies comparing NBI with WLE and other modali-
ties appear favorable for NBI. However, some interobserver studies have questioned
the additional value of NBI for detection of high-grade dysplasia. NBI does appear
to be operator experience dependent, and a recent study found NBI to be of limited
value in BE with endoscopists in general practice [51].

In conclusion, the primary advantage of NBI is the detection of advanced dyspla-
sia using fewer biopsy samples compared to surveillance WLE and four-quadrant
biopsy. Wolfsen et al. reported 57% detection of dysplasia compared with 43%
with conventional WLE and random biopsies. Additionally, the number of biopsy
specimens in the four-quadrant group was much higher than targeted with NBI
(mean 8.5 vs. 4.7) [52].

Autofluorescence Imaging

Autofluorescence imaging (AFI) is based on the detection of the relative concentra-
tion of endogenous fluorophores and fluorescence emission between healthy and
neoplastic tissue. The use of AFI in GERD is primarily as a wide area functional
imaging of Barrett’s mucosa for identification of dysplastic areas [53].

Two in vivo autofluorescence-based endoscopic techniques have been investi-
gated for detecting early neoplasia in BE:

1. Light-induced fluorescence spectroscopy (LIFS)
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Autofluorescence Endoscopy
LIFS

LIFS can accurately distinguish BE with high-grade intraepithelial neoplasia
(HGIN) from nondysplastic BE. An important drawback is that it only samples a
small area of mucosa, making it impractical as a surveillance tool [54].

A few studies have shown improved detection of high-grade dysplasia and detec-
tion of additional cases on AFL compared to WLE with four-quadrant biopsies. The
sensitivity and PPV, however, are poor, with unacceptably high false positives [55].

However, studies suggest that by combining AFI with another imaging technique
(e.g., narrow-band imaging), false-positive rate can be reduced to 10-26% [56, 57].

As such, the role of AFI as a stand-alone technique for BE appears remote.

Endoscopic Trimodal Imaging (ETMI)

The ETMI system (XGIF-Q240/GIF-FQ260FZ; Olympus, Tokyo) incorporates
high-resolution WLE together with AFI and NBI modalities which can be used in
tandem. The improved sensitivity and specificity of the combined technique are
primarily attributable to reduction of the false positivity of AFI [53].

This has been the primary intention of the studies of trimodal imaging in
BE. Kara et al. first reported a significant reduction of false-positive AFI with tri-
modal imaging [56]. In a similar multicenter trial, Curvers et al. found that AFI
could identify all cases with HGD, and false positivity was reduced by NBI from 81
to 26% [58]. The same group has recently reported improved detection of early
neoplasia with ETMI compared to WLE. Here again, NBI reduced the false positiv-
ity of AFI but did misclassify 17% of cases [59].

Very interestingly, the results were not repeated when the procedures were per-
formed by general endoscopists in the community setting, and the detection of dys-
plasia did not improve with ETMI [57].

Optical Biopsy (Confocal Endomicroscopy)

Confocal endomicroscopy (CLE) and endocytoscopy allow subsurface analysis of
the gastrointestinal mucosa using the principle of optical sectioning. This enables
real-time in vivo histology during ongoing endoscopy. Endomicroscopy and endo-
cytoscopy dramatically expand the imaging capabilities of flexible endoscopy by
their ability to obtain “optical biopsies” of nearly any accessible endoluminal sur-
face. The current CLE incorporates a confocal laser microscope into the tip of a
flexible endoscope (Pentax EC 3830FK, Tokyo, Japan). A probe-based confocal
endomicroscope (Cellvizio, Mauna Kea Technologies, France) is also available.

There is limited full-length publications on the use of CLE in BE, but numerous
abstracts are being presented at the GI conferences [60].
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The main difference between CLE and endocytoscopy is that endocytoscopy is
based solely on high-level magnification using optical lenses. Therefore, because
there is no confocal plane, only the very superficial layer of the mucosa can be
imaged. In addition, the lens must come into direct contact with the tissue being
examined [61].

Becker et al. reported significantly higher microvessel density in neoplastic BE
compared to nonneoplastic (23.6% vs. 14.2%; p > 0.001) on CLE [62].

Kiesslich and colleagues in a study of 63 patients with BE demonstrated good
correlation between in vivo histology and conventional histology in normal squa-
mous vis-a-vis gastric and Barrett’s epithelium. A confocal classification system to
predict the histopathology of the distal esophagus was also proposed.

Nondysplastic BE was characterized by regular villous-like epithelium with dark
goblet cells. An increase in the number of dark cells with an irregular border was
consistent with BE-associated neoplasia. The loss of regular basement membrane
integrity and disruption of the villous epithelial structure suggested HGD/CA [63].

As with new technologies, CLE will need time to move from the research arena
into routine clinical practice [64]. However, initial results for the prediction of dys-
plasia in Barrett’s real time are promising [65].

Newer Imaging Advancements [66, 67]

Spectroscopic techniques such as light-scattering spectroscopy and Raman spec-
troscopy carry diagnostic information on the microstructural and molecular compo-
sition of tissues, which enables early detection of dysplasia. Similarly, peptides
have been used as molecular probes that can be fluorescence tagged and can identify
cell surface targets/molecular markers of neoplasia in BE. The results are promis-
ing. These technological advances have helped circumvent the limitation of WLE in
reflux disease by (a) improved detection of subtle irregularities, (b) characterization
of anomalies, and (c) possible optical biopsies providing real-time diagnosis [68].
However, these novel technologies are very much in the experimental stage and
beyond the scope of this review.

Endoscopic Therapies for GERD

The endoluminal treatment of GERD is evolving and may have the potential to
decrease the need for long-term antisecretory medications in selected patients.

The aim of endoscopic treatment is to create an antireflux barrier and reduce
esophageal exposure to refluxate. This can be achieved by:

1. Improving the gastroesophageal flap valve that serves as a mechanical barrier to
reflux

2. Reducing lower esophageal sphincter relaxation

Remodeling the smooth muscle at the gastroesophageal junction

4. Increasing lower esophageal sphincter length [69]

(O8]
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Indication for Endoscopic Therapy
Patients who may be candidates for endoscopic GERD therapy include:

1. Patients with refractory GERD, which is defined as persistent heartburn despite
escalating doses of proton pump inhibitors, or residual regurgitation without
heartburn symptoms while on PPIs. Esophageal pH monitoring while on PPIs to
confirm increased esophageal acid exposure is mandatory in such patients.

2. Patients with bile acid reflux or non-acid reflux that has been confirmed by
impedance testing.

3. Patients who are intolerant of PPIs or wish to stop drug therapy due to concerns
about long-term side effects.

4. Patients who are concerned about potential side effects of antireflux surgery,
such as dysphagia or gas/bloat.

5. Patients with symptomatic documented GERD following fundoplication.

In contrast, the following groups of patients are not candidates for any from
endoscopic therapy for GERD:

e Patients who do not respond to PPI therapy, who have negative esophageal pH
studies, and whose symptoms do not temporally correlate with acid events seen
on pH monitoring probably do not have GERD and should not be offered endo-
scopic or surgical therapy for GERD.

e Patients with large, fixed hiatal hernias and esophageal foreshortening are not
good candidates for endoscopic therapy, due to a high risk of technical failure.

Endoscopic Devices for Treatment of GERD

Various types of devices have been developed for the endoscopic treatment of gas-
troesophageal reflux disease (GERD), using approaches such as sewing, transmural
fasteners, endoscopic staplers, and thermal treatment (Table 6.2).

EndoCinch The Bard EndoCinch was the first endoscopic sewing device approved
by the US Food and Drug Administration (FDA) in April 2000. It has the best safety
profile among the endoscopic sewing and full-thickness plication devices.
Prospective observational studies in adults and children have shown mixed results,
with symptomatic success rates ranging from 20 to 82% after at least 1 year of fol-
low-up [70-73].

Adverse events noted in studies of EndoCinch included pharyngitis, vomiting,
abdominal pain, mucosal tears, microperforation, bleeding, dysphagia, broncho-
spasm, and adverse reactions to sedation [74].

EsophyX The EndoGastric Solutions EsophyX EndoLuminal Fundoplication
System is based on the principle to restore angle of His at the gastroesophageal
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Table 6.2 Endoscopic devices for treatment of GERD

Devices that are currently commercially EndoCinch

available EsophyX
Stretta procedure (radiofrequency treatment
for GERD)

Devices that are being studied for the treatment | SRS endoscopic stapling system
of GERD
Devices that are no longer or never became Endoscopic suturing device
commercially available NDO Plicator

Syntheon AntiReflux device

His-wiz device

Enteryx procedure

Gatekeeper reflux repair system
Durasphere GR

junction. It affixes tissue from the GEJ to the fundus to create a neogastroesopha-
geal valve. Efficacy of EsophyX was tested in the largest multicenter prospective
study with a one-year follow-up and included 86 patients, 84 of whom successfully
underwent the procedure. Objective parameters that were examined included esoph-
ageal acid exposure, which improved in 61% of patients, and mean lower esopha-
geal sphincter pressure, which increased significantly from 12 mmHg pre-procedure
to 18 mmHg post-procedure [75].

Radio Frequency Energy (Stretta Procedure) In this procedure radio frequency
(RF) energy is delivered via endoscopic needles placed in the tissues surrounding
the lower esophageal sphincter with constant tissue temperature monitoring to a
prefixed target temperature. The putative mechanisms for efficacy include increased
thickness of the LES muscle, decreased distensibility of the LES without fibrosis,
and decreased frequency of TLESRs.

Many studies have demonstrated efficacy of radio frequency treatment for gas-
troesophageal reflux disease. Overall, 50-80% of patients have reported satisfactory
symptom control or cessation of proton pump inhibitor (PPI) therapy in studies with
average follow-up periods of 1-3 years [76-79].

An Italian study reported 48 months follow-up data for 56 out of 69 patients
undergoing Stretta procedure. RF treatment significantly improved heartburn scores,
GERD-specific quality-of-life scores, and general quality-of-life scores at 24 and
48 months in 52 out of 56 patients (92.8%); 72.3% were completely off PPIs [80].

We have recently demonstrated that the application of electrical stimulation ther-
apy (EST) using a pacemaker significantly and consistently increases the lower
esophageal sphincter (LES) pressure [81]. However, no endoscopic therapy has
been completely effective in normalizing acid exposure, healing esophagitis, con-
trolling reflux symptoms, or allowing patients to be off of all of their antisecretory
medications.

Studies evaluating various endoscopic techniques for the treatment of GERD
have significant limitations. More data from prospective, randomized,
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sham-controlled studies with adequate numbers of subjects is required. Effect of the
various endoluminal treatments on esophageal tissue and the durability of response
are major factors that are areas for further improvement and are important in achiev-
ing better clinical outcomes. If endoscopic treatments are to prove beneficial for
patients with GERD, then devices and techniques need to be optimized and evalu-
ated in well-designed clinical trials.

Thus, the endoscope definitely is a tool to not only diagnose and assess the
patient with GERD but could also become the mode of therapy for the future.
Needless to say, well-designed, independent comparative clinical trials with long-
term follow-up are required before endoluminal therapy comes to clinical practice.

Conclusion

High-definition, high-resolution endoscopy enables direct visualization of the
esophageal and gastric mucosa and allows tissue sampling for histology. GERD is
the most common indication for endoscopy. Improved detection of GERD and sur-
veillance of BE have now become essential in the background of rising incidence
worldwide.

Standard white light endoscopy does have some limitations. Novel-enhanced
imaging technology attempts to circumvent these limitations, and the results appear
promising. NBI has been evaluated extensively and appears to be a useful adjunct to
WLE for identification of minimal change esophagitis and for the targeted investi-
gation of suspicious areas in BE. There is considerable evidence that NBI would
help target endoscopic biopsies and delineate resection margins during endotherapy
of dysplastic areas. We would recommend routine usage for detection of high-grade
dysplasia in Barrett’s esophagus. The days of random four-quadrant biopsies may
well be over.

The primary limitation as with all new technologies is the lack of sufficiently
validated and standardized classification systems and the limited number of ran-
domized controlled trials. Additionally, most of these are conducted at tertiary care
specialized centers. Routine clinical practice and cost-effectiveness remain to be
tested or achieved.
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