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Modern times are characterized by unprecedented complexity and speed of changes. 
Gastroenterologists are daily faced with unusual cases, comorbidities, critical con-
ditions, advanced age, and complex therapies. Know-how in various disciplines 
such as pathophysiology, biochemistry, genetics, pharmacology, and traditional and 
laparoscopic surgery is currently required for caring patients with GI tract disorders. 
Moreover, gastroenterologists are daily challenged with new devices and novel 
exciting but demanding tools and techniques.

The book edited by Rita Conigliaro and Marzio Frazzoni was written by interna-
tionally recognized experts in the various fields of GI endoscopy and digestive tract 
pathophysiology and consists in an updated review of the most relevant topics con-
cerning diagnostic and therapeutic endoscopy as well as manometric and reflux-
monitoring techniques. Evidence of the clinical relevance of endoscopic, 
manometric, and reflux-monitoring tools and techniques currently includes not only 
observational studies but also randomized controlled trials and meta-analyses. The 
reader will find evidence of the most updated developments of diagnostic and thera-
peutic endoscopy throughout the book, such as confocal laser endomicroscopy, 
endoscopic submucosal dissection, endoscopic suturing and myotomy, and cholan-
gioscopy, as well as updated reports of the most exciting advances in digestive tract 
pathophysiological investigations including high-resolution manometry and imped-
ance-pH monitoring. Moreover, an in-depth look to coming-soon progresses can be 
found in all chapters, so the reader will have the chance to think about and be watch-
ful on the near future in gastroenterology.

Rita Conigliaro and Marzio Frazzoni are to be commended for their efforts to 
give us an updated review of GI endoscopy and digestive tract pathophysiology. 
Their enthusiasm, scientific honesty, and thoroughness represent a model for young 
gastroenterologists.

� Giuliano Bedogni, MD
Former Director

Digestive Endoscopy Unit
Santa Maria Nuova Hospital

Reggio Emilia
Italy
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1Confocal Laser Endomicroscopy in GI 
Tract

Helga Bertani, Laurent Palazzo, Vincenzo Giorgio Mirante, 
and Flavia Pigò

1.1	 �Introduction

Technologic advances in endoscopic imaging have improved the visualization of 
mucosal layer, allowing to distinguish neoplastic vs nonneoplastic tissue; how-
ever, the imaging is far from a perfect tool. Although histology is a highly accu-
rate technique, it has few limitations: false-negative results in case of ulcers or 
inflammation, delayed final diagnosis and treatment, and increased costs in 
pathology in analysis with consequently repeated procedures. Moreover in some 
GI districts, the accuracy of cytopathology results is low like pancreatic cyst and 
bile duct due to the difficulties in acquiring tissue. Nevertheless histology is a 
postmortem analysis without informations about in vivo processes (blood flow, 
mucosal junction exchanges).

Confocal laser endomicroscopy (CLE), a recent advance of endoluminal 
imaging, allows an in vivo visualization of mucosal layer with a detailed visu-
alization of tissue and subcellular structures with magnification up to 500–1000-
folds. CLE has the potential to predict the final diagnosis (neoplastic vs 
nonneoplastic) and consequently to guide the next therapeutic procedure with-
out the delay of a pathology response. Indeed, mucosa can be studied at a micron 
resolution providing an “optical biopsy”. Forthcoming developments include 
the in vivo study of angiogenesis and inflammation in healthy and neoplastic 
tissues.

mailto:helga.bertani@gmail.com
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1.2	 �Physics

The physics of the CLE is based on tissue light interactions. Light interacts with 
tissue in five different ways (Fig. 1.1): (1) reflection, (2) absorption, (3) single scat-
tering, (4) diffuse scattering, and (5) absorption and reemission at a different wave-
length of fluorescence.

This last phenomenon can be an autofluorescence or a dye-based fluorescence. 
The light source is a blue laser beam with variable wavelength (488–660  nm) 
focused into the plane of interest, and the returned light is filtered by means of a 
small pinhole that rejects out-of-focus light. The illumination and detection systems 
are in the same focal plane and are termed “confocal.” After passing the pinhole, the 
fluorescent light is detected by a photodetector device that stabilizes images from a 
system software transforming the light signal into an electrical one that is recorded 
by a computer. All detected signals from the illuminated spot are captured and mea-
sured. The gray-scale image created is an optical section representing one focal 
plane within the examined specimen. Because confocal images depend on fluores-
cence, a fluorescent dye (contrast agent) is required to make the objects visible. The 
contrast agents can be applied systemically (fluorescein) or topically (acriflavine 
and cresyl violet). Most studies in humans have been performed with intravenous 
administration of fluorescein sodium. As fluorescein distribution is outside the cell 
in intercellular space, it contrasts cellular and subcellular details, connective tissue, 
and vessel architecture at high resolution but does not stain the nuclei. The safety of 

Physical principle : light interacts with tissue in 5 ways

Detected photons provide information obout what they have travelled through and where
they have been

This photon history or “photon biopsy” provides utility as a diagnostic tool for medical
applications

•

•

A - Reflection

B - Absorption

C - Single scattering

D - Diffuse Scattering

E - Absorption & re-emission at a
     longer λ, Ii.e., fluorescence
     (auto, dye-based)

A

B

C
D

E

Fig. 1.1  (1) Reflection, (2) absorption, (3) single scattering, (4) diffuse scattering, (5) absorption 
and reemission at a different wavelength of fluorescence (Courtesy of Pr. Satish Singh, MD 
Department of Medicine & Biomedical Engineering, Boston University)

H. Bertani et al.
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the fluorescein as contrast agent has been demonstrated in ophthalmology; it has 
been used for years for ophthalmological imaging of blood vessels. Wallace et al. 
[1] reported a cross-sectional survey study about the safety of fluorescein in CLE 
procedures. 2272 patients were enrolled and no serious adverse events were 
reported. Minor adverse events occurred in 1.4 % (transient hypotension, nausea, 
injection site erythema, mild epigastric pain), but none of them required additional 
intervention than observation. Acriflavine, another contrast agent, is applied topi-
cally and predominantly stains nuclei, but they are not allowed for human use, by 
FDA and EMEA.

1.3	 �Systems

In 2003, at the beginning of CLE research, two systems were available: one system 
inserted in the tip of the scope (eCLE, Pentax Corporation, Tokyo, Japan) and the 
other, a probe-based system, a separate device from the endoscope, able to be intro-
duced in the working channel of any standard endoscope (pCLE, Cellvizio, Mauna 
Kea Tech, Paris, France). Currently, only the last one is commercially available and 
approved to perform CLE (Fig. 1.2).

1.4	 �Gastrointestinal Applications

In the following pages, we will describe all the current applications of CLE in gas-
trointestinal tract and literature results.

1.4.1	 �Barrett’s Esophagus (BE)

Barrett’s esophagus, defined as an abnormal change in squamous epithelium of the 
esophagus into an intestinal columnar epithelium (Fig. 1.3), is considered a prema-
lignant condition and the most important risk factor for the development of esopha-
geal adenocarcinoma.

The incidence of esophageal adenocarcinoma has been rapidly rising, increasing 
from threefold to sixfold since 1990 [2]. International guidelines suggest endo-
scopic surveillance with random four-quadrant biopsies every 1–2 cm through the 
extension of intestinal metaplasia for the detection of dysplasia (high grade/low 
grade) or early intraepithelial cancer (Seattle protocol) [3]. However, surveillance 
endoscopy has several limitations as dysplastic changes occurring in Barrett’s 
esophagus are not easily identifiable by standard endoscopy. Moreover there is 
much controversy: first about the real efficacy of such an intense four-quadrant 
biopsy sampling protocol and second biopsies obtained using this technique are 
prone to sampling error, and interobserver agreement is low even between advanced 
operators and even among expert pathologists [4]. Nevertheless, the need for histol-
ogy confirmation of neoplasia eliminates the ability to direct therapy during the 

1  Confocal Laser Endomicroscopy in GI Tract
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index endoscopy. Thus repeated procedures are needed, the first for the diagnosis 
and then for the therapy. A multiple biopsy protocol could also interfere with the 
next therapeutic steps.

EMR or ESD could be more difficult without adequate “lifting sign” due to scar 
tissue after repeated biopsies.

pCLE since its debut has demonstrated a really good accuracy in distinguishing 
visible neoplastic changes in epithelial cancers that occur at a cellular level. 
Randomized clinical studies have shown that eCLE or pCLE with white light endos-
copy (WLE) can reduce up to 65 % of the number of biopsies needed to reach the 
same diagnostic yield of WLE alone [5, 6].

The interobserver agreement has been reported to be 86 % with a kappa estimate 
of 0.72 (CI 95 % 0.58–0.86) [7]. The observers in this study also rated individual 

Fig. 1.2  pCLE, Cellvizio, 
Mauna Kea Tech, Paris, 
France

H. Bertani et al.
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features suggestive of neoplasia, such as irregular epithelial thickness, epithelial 
inhomogeneity, dark epithelial structures (lack of fluorescein uptake), crypt/villi 
fusion, and irregular vessels. These individual features had good specificity but 
lower sensitivity, and none of them appeared to compete with the overall diagnostic 
assessment.

In 2011 a classification has been proposed by a group of experts, the Miami clas-
sification, for real-time diagnosis of Barrett’s neoplasia with pCLE, and later it has 
been widely accepted and validated in randomized controlled trials. BE pCLE crite-
ria are uniform villiform architecture and columnar epithelial cells with dark goblet 
cells. In high-grade dysplasia (HGD), villiform structures have irregularly shaped 
crypts and dilated capillary vessels. In early adenocarcinoma (EAC), a complete 
loss of crypt and villiform architecture is observed with irregular and dilated capil-
laries [8] Fig. 1.4a, b.

A meta-analysis based on eight studies involving 709 patients and 4008 speci-
mens showed a pooled sensitivity and specificity of CLE (in a per-patient analysis) 
for the detection of neoplasia of 89 % and 75 %, respectively [9].

Another recent application of confocal endomicroscopy is a role in guiding 
therapeutic endoscopic procedure (1) to localize and predict pathology, (2) to 
target biopsies and resections in surveillance and treatment, (3) to guide which 
therapy to use, and (4) to assess treatment adequacy and gauge need for further 
treatment [10].

Fig. 1.3  Barrett’s esophagus: intestinal metaplasia

1  Confocal Laser Endomicroscopy in GI Tract
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1.4.2	 �Gastritis and Early Gastric Cancer

Gastric cancer remains the world’s second leading cause of cancer-related deaths, 
with a mortality rate of 16.3 per 100,000 in men and 7.9 per 100,000 in women 
[11], and in eastern countries, the risk of gastric cancer is dramatically high. One 
of the strategies, to improve prognosis, essentially depends on the earlier detec-
tion of preneoplastic changes in mucosal layer because intraepithelial neoplasia 
and early gastric cancer have a dramatically better prognosis than the advanced 
one. Currently, the diagnosis of these lesions is based on pathologic assessment. 
Virtual chromoendoscopy and trimodal imaging endoscopy have demonstrated a 
significant value for the detection of early gastric neoplasia, whereas the detec-
tion of intraepithelial gastric neoplasia (GIN) has been less mentioned and inves-
tigated [12].

a

b

Fig. 1.4  (a) pCLE image of low-grade dysplasia with loss of crypt and villiform architecture. 
(b) pCLE image of low-grade dysplasia with irregular and dilated capillaries

H. Bertani et al.
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pCLE demonstrated a high accuracy for detecting gastric carcinomas compared 
with conventional histological biopsy, providing an excellent definition of the gas-
tric pit pattern with high diagnostic accuracy on the detection of gastric atrophy 
and gastric intestinal metaplasia as well as Helicobacter pylori infection [13–15]. 
According to the study by Li, the sensitivity and specificity of gastric pit patterns 
and vessel architecture classification with pCLE for predicting atrophic gastritis 
were 88.51 % and 99.19 %, respectively. The sensitivity and specificity for predict-
ing intestinal metaplasia were 92.34 % and 99.34 %, respectively. The overall sen-
sitivity and specificity for predicting neoplasia were 89.89 % and 99.44 %, 
respectively. The use of CLE could possibly reduce the number of unnecessary 
biopsies and mistaken diagnoses before ESD [16–18]. The interobserver agree-
ment was “substantial” (kappa = 0.70) for the differentiation of neoplasia versus 
non-neoplasia [19].

Another possible future application in the stomach is the “molecular CLE” that 
consists in the employment of fluorescein-labeled peptides that can be used for 
evaluating the expression of receptors in carcinomas in order to individualize the 
treatment regimens, but also for improving the diagnostic accuracy of endoscopic 
procedures by identifying otherwise invisible mucosal lesions. These novel applica-
tions need further evaluations about efficacy and safety because most of the studies 
have been conducted in animal facilities or in vitro, while only a limited number of 
trials have actually been carried out in vivo [20].

1.4.3	 �Celiac Disease

Many papers have been published about the role of CLE in the study of jejunal 
mucosa in celiac disease. Alterations of villa in terms of length, numbers, and dis-
tribution are easily recognized [21, 22].

1.4.4	 �Inflammatory Bowel Disease

The use of CLE in colon disease ranges from classifications of colorectal polyps 
to the study of inflammatory bowel disease (IBD). In particular patients affected 
by ulcerative colitis (UC) are at increased risk of developing colorectal cancer, 
so guidelines recommend surveillance including targeted biopsies of suspected 
lesions and multiple random biopsies. However, the sensitivity of this protocol 
for the detection of neoplasia is still low. Chromoendoscopy, virtual chromoen-
doscopy (NBI), and pCLE have been proposed to improve the detection of dys-
plastic lesions. Kiesslich et al. using the eCLE system reported a sensitivity of 
97.4 %, specificity of 99.4 %, and accuracy of 99.2 % to predict the presence of 
neoplastic changes [23, 24]. Van den Broek et al. [25] reported similar data but 
lower sensitivity (65 %), specificity (82 %), and accuracy (81 %) due probably to 
a different system, learning curve in providing images and technical skills. 
Hurlstone et  al. [26] assessed the clinical feasibility and predictive power of 

1  Confocal Laser Endomicroscopy in GI Tract
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CLE for in  vivo differentiation between ALM and DALM in UC.  The study 
evidenced high accuracy of the technique and consequently the possibility to 
differentiate patient eligible for endoscopic treatment from patients fit for sur-
gery. Recently, De Palma et al. [27] reported the use of CLE applied in real-time 
inflammation activity assessment. The inflammation activity assessment 
includes polyps’ architecture, cellular infiltration, and vessel architecture. These 
studies showed that images taken with CLE provide informations that were 
equivalent to conventional histology, differentiating between active and nonac-
tive UC during ongoing colonoscopy. Recently the use of CLE has been applied 
also to functional studies in IBD, to evaluate epithelial gaps resulting from 
intestinal cell shedding rate higher than in healthy patients undergoing colonos-
copy. Liu et al. [28] reported that patients with IBD had a significantly higher 
epithelial gap densities in the terminal ileum compared with controls without 
IBD.  A novel and future application of CLE is the prediction of therapeutic 
response to TNF-α inhibitors. The utility and safeness of new contrast agent 
(fluorescent antibodies specific for TNF-alpha receptors) need to be confirmed 
in other studies [29–31].

1.4.5	 �Polyps

Colorectal cancer has been recognized as the second most common cause of 
cancer-related death in the United States [32]. Standard endoscopic inspection 
cannot by itself distinguish between neoplastic and nonneoplastic lesions; thus, 
all detected lesions need to be removed and then evaluated by a pathologist, and 
this approach still remains the gold standard. The first report of the potential 
role of CLE in predicting pathology of the colon polyps was by Kiesslich et al. 
[23]. They reported an accuracy in the prediction of intraepithelial neoplasia of 
92 % (sensitivity of 97 % and specificity of 99 %). Hurlstone et al. [26] subse-
quently confirmed Kiesslich data, in particular confirmed the role of CLE in the 
visualization of high-quality cellular, subsurface vascular, and stromal imaging 
enabling prediction of intraepithelial neoplasia with accuracy of 99 %. Polglase 
et al. [33] also confirmed similar results. Recently Xie published that in polyps 
with diameter > 10 mm, the sensitivity of CLE was 97.1 % and specificity 100 % 
[34]. A study by Gomez et  al. [7] reported also a moderate-to-good interob-
server agreement between international collaborative colleagues for distin-
guishing neoplasia from nonneoplastic tissue. Buchner et al. reported a learning 
curve of the technique with accuracy of 82 % after 60 procedures [35]. In a 
meta-analysis that involved 15 studies and 719 patients, the pooled sensitivity 
of all studies was 0.94 [95 % confidence intervals (CI), 0.88–0.97], and pooled 
specificity was 0.95 (95 % CI, 0.89–0.97). Real-time CLE yielded higher sensi-
tivity (0.96 vs 0.85, P < 0.001) and specificity (0.97 vs 0.82, P < 0.001) than 
blinded CLE. For real-time CLE, endoscopy-based systems had better sensitiv-
ity (0.96 vs 0.89, P < 0.001) and specificity (0.99 vs 0.82, P < 0.0001) than 
probe-based systems [36].

H. Bertani et al.
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1.4.6	 �Pancreas

Pancreatic cystic lesions are relatively common findings in the general population 
due to the widespread use of cross-sectional imaging. They are a heterogeneous 
group of lesions as some show a benign behavior and others have a premalignant or 
malignant potential. A different management should be applied for each type: 
benign cysts are usually referred for follow-up (based on imaging), while premalig-
nant or malignant lesions should be surgically resected. Endoscopic ultrasound 
(EUS) is used to evaluate pancreatic lesions and to identify its features as it offers a 
good visualization of the lesion and its relation with pancreatic main duct. When 
combined with fine-needle aspiration and cystic fluid analysis, the diagnosis poten-
tial is increased, although its accuracy for differentiating benign and malign tumors 
remains modest [37].

EUS-guided needle-based confocal laser endomicroscopy (nCLE) is a confocal 
procedure based on a confocal miniprobe (AQ-flex Cellvizio Technology, Mauna 
Kea Tech, France) thin enough to be passed through a 19-G FNA needle. The mini-
probe (0.632 mm diameter) preloaded and screwed by a locking device in the EUS 
needle is guided endosonographically in the target lesion, and then the miniprobe is 
pushed under the EUS guidance in gentle contact with the cyst wall. It potentially 
provides in vivo images of the pancreas at a cellular level, offering the possibility to 
precisely define a lesion.

The first multicenter study was the INSPECT study [38] with the primary aim 
to develop descriptive image interpretation criteria and a classification of nCLE 
findings in pancreatic cysts through a review of prospectively obtained nCLE vid-
eos from proven malignant and benign cases. Secondary aims included assessing 
procedure-related adverse events, technical feasibility of nCLE, and developing a 
first atlas of nCLE images in pancreatic cysts. A total of 66 patients underwent 
nCLE imaging, and images were available for 65 patients, eight of whom were 
subsequently excluded due to insufficient information for consensus reference 
diagnosis. The presence of epithelial villous structures based on nCLE was asso-
ciated with pancreatic cystic neoplasm [intraductal papillary mucinous neoplasm 
(IPMN)] (P = 0.004) and provided a sensitivity of 59 %, specificity of 100 %, posi-
tive predictive value (PPV) of 100 %, and negative predictive value (NPV) of 
50 %. The overall complication rate was 9 % and included pancreatitis (one mild 
case, one moderate case), transient abdominal pain (n = 1), and intracystic bleed-
ing not requiring any further measures (n = 3). These preliminary data suggested 
that nCLE has a high specificity in the detection of IPMN, but may be limited by 
a low sensitivity.

The second published multicenter study (CONTACT study) [39] aimed to define 
the criteria of serous cystadenoma (SCA) and to differentiate mucinous from serous 
pancreatic lesion using nCLE. A total of 31 patients with a solitary pancreatic cystic 
lesion of unknown diagnosis were prospectively included at three centers. The final 
diagnosis was based on either a stringent gold standard (surgical specimen and/or 
positive cytopathology) or a committee consensus. Six not-blinded investigators 
reviewed nCLE sequences from patients with the most stringent final diagnosis and 

1  Confocal Laser Endomicroscopy in GI Tract
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identified a single feature that was only present in SCA. The findings were corre-
lated with the pathology of archived specimens. After a training session, four 
blinded independent observers reviewed, with a separate independent video set, and 
the yield and interobserver agreement for the criterion were assessed. A superficial 
vascular network pattern visualized on nCLE was identified as the criterion. It cor-
responded on pathological specimen to a dense and subepithelial capillary vascular-
ization only seen in SCA (Fig. 1.5).

The accuracy, sensitivity, specificity, positive predictive value, and negative pre-
dictive value of this sign for the diagnosis of SCA were 87 %, 69 %, 100 %, 100 %, 
and 82 %, respectively. Interobserver agreement was substantial (k = 0.77). This new 
nCLE criterion seems highly specific for the diagnosis of SCA.

Recently a single-center trial by Nakai et al. combined nCLE with an EUS-
guided cystoscopy (DETECT study). The goal of this study was to assess the 
feasibility, safety, and diagnostic yield of the combination of cystoscopy and 
nCLE in the clinical diagnosis of pancreatic cystic lesion. Thirty patients were 
included. The procedure was technically successful with the exception of one 
probe exchange failure. In two patients (7 %), post-procedure pancreatitis devel-
oped. Specific features associated with the clinical diagnosis of mucinous cysts 
were identified: mucin on cystoscopy and papillary projections and dark rings 
on nCLE. The sensitivity of cystoscopy was 90 % (9/10) and that of nCLE was 
80 % (8/10), and the combination was 100 % (10/10) in 18 high-certainty 
patients. The combination of dual through-the-needle imaging (cystoscopy and 
nCLE) of pancreatic cysts appears to have strong concordance with the clinical 
diagnosis of pancreatic cyst [40].

Fig. 1.5  A superficial vascu-
lar network pattern visualized 
on nCLE which corresponds 
to a dense and subepithelial 
capillary vascularization visi-
ble only in SCA

H. Bertani et al.
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1.4.7	 �Biliary Tract

Despite the technological developments in the field of imaging as well as avail-
able options for endoscopic evaluation through endoscopic retrograde cholangio-
pancreatography (ERCP), the diagnostic yield in biliary and pancreatic duct 
strictures and preoperative diagnosis of undetermined biliary strictures are still 
suboptimal.

The probe usually used for confocal imaging of the pancreatobiliary system is 
the CholangioFlex miniprobe (Mauna Kea Technologies, Paris, France) that requires 
a working channel of at least 1.2 mm and has a working length of 4 m. The lateral 
resolution of the probe is 3.5 μm with a field of view of 325 μm.

The first study aimed to classify confocal patterns related to biliary strictures in 
the so-called Miami classification study. This study was an attempt to identify as 
well as standardize the interpretation of finding on pCLE of the biliary system in 
cases on indeterminate biliary strictures. The combination of thick white bands with 
dark clumps or epithelial structures provided a 94 % diagnostic sensitivity and 46 % 
diagnostic specificity. On the other hand, the combination of white bands with thick 
white bands or fluorescein leakage or dark clamps provided a 61 % diagnostic sen-
sitivity and a 100 % diagnostic specificity [8].

When using a cholangioscope, pCLE had a sensitivity of 96 % (95 % CI, 
84–100 %) and a specificity of 76 % (95 % CI, 53–91 %), while when using a cath-
eter, the sensitivity was 100 % (95 % CI, 83–100 %) and the specificity was 62 % 
(95 % CI, 45–78 %), but there was no statistical difference in the accuracy between 
these delivery techniques, but the operator confidence about the diagnosis was 
much higher when using cholangioscopy when compared to a catheter-based 
approach for pCLE of biliary strictures (43.2 % vs 9.8 %, respectively) [41]. In a 
randomized trial for the comparison between catheter-guided (fluoroscopy only) 
pCLE and cholangioscopy-guided pCLE, the accuracy of cholangioscopy-guided 
pCLE was 82 % compared to 78 % for catheter-guided pCLE. Of note, the sample 
size of the study was small [42]. The addition of pCLE with ERCP in the evalua-
tion of indeterminate pancreatobiliary strictures can increase the detection of [43] 
with a sensitivity of (98 % vs 45 %) and NPV (97 % vs 69 %), although it decreased 
the specificity (67 % vs 100 %) and the PPV (71 % vs 100 %) when compared to 
index pathology [44].

Although conventionally the use of pCLE for the evaluation of biliary strictures 
is through a side-viewing duodenoscope, a case series showed pCLE through direct 
peroral cholangioscopy in 22 out of 24 patients with biliary strictures [45]. In this 
case series, they classified patients based on the pre-pCLE evaluation for the prob-
ability of a malignant etiology for biliary stricture into a range from very unlikely to 
certainly based on the clinical evaluation as well as imaging, pCLE was found to be 
complementary to peroral cholangioscopy and ERCP in cases where a malignant 
etiology was suspected and did not affect the management decision, but it might be 
sufficient for the confirmation of a malignant etiology when tissue acquisition is not 
required. pCLE in hilar strictures has also been proven to be of use in a series of 19 
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patients with the correct identification of all cases with neoplasia, but one false-
positive case was reported [46].

Two years later a refinement of the Miami classification named the Paris classi-
fication was published [47]. The aim of the Paris classification was to decrease the 
number of false-positive results when evaluating indeterminate strictures of the bili-
ary system as in inflammatory strictures. Caillol et al. [48] identified four character-
istics on biliary pCLE that were associated with benign inflammatory strictures: 
vascular congestion, dark granular patterns with scales, increased inter-glandular 
space, and thickened reticular structure. In this study the authors sought to explain 
the false-positive cases in 60 cases that were enrolled in a registry and found that 
pCLE diagnosis was either influenced by the ERCP impression or the presence of 
less than three malignant Miami classification criteria. In a validation study for the 
Paris classification, it was found to increase the specificity to 73 % compared to 
67 % when using the Miami criteria [8]; a similar finding was obtained in a second 
study [49].

Giovannini et al. [50] evaluated the effect of biliary stenting in 54 patients 
with indeterminate biliary stenosis and found that biliary stenting decreased 
the accuracy of pCLE when using the Miami criteria, similar findings were 
replicated where a decrease in the sensitivity from 88 to 75 %, and specificity 
from 83 to 71 % was found in those who had cholangitis or a stent inserted 
prior to pCLE imaging [51]. Although this requires validation in other series, 
it might be prudent to perform pCLE prior to biliary stenting in cases with bili-
ary strictures of unknown etiology. Also, of note, in the study by Caillol et al. 
[47], they noted that stricture dilation could induce fluorescein leakage, thus 
giving the impression of a malignant stricture, while it was subsequently found 
to be benign.

A recent consensus report by 16 physicians validated seven statements with 
regard to the use of pCLE in biliary strictures: (1) CLE can be used to evaluate bili-
ary strictures, and the probe can be delivered via a catheter or a cholangioscope; (2) 
CLE is more accurate than ERCP with brush cytology and/or forceps biopsy in 
determining malignant or benign strictures, using established criteria; (3) The accu-
racy of CLE in indeterminate biliary strictures may be decreased by prior presence 
of plastic stent; (4) The NPV of CLE is very high; (5) The use of CLE can assist 
clinical decision-making such as excluding malignancy; (6) CLE should be cited as 
a valuable tool for an increased diagnostic yield in official guidelines; (7) The 
“black bands” that can be seen in pCLE images have been shown to be collagen 
fibrils that predictably increase in pathologic tissue [52]. A preliminary analysis of 
the multicenter FOCUS trial demonstrated that the clinical impression of physicians 
and pCLE during the workup of biliary strictures outperform tissue sampling where 
the combination of brush cytology and biopsy would have missed five malignant 
strictures out of 36 patients [53].

Adding histology/cytology to pCLE resulted in a marginal increase in sensitivity 
(from 89 to 93 %) but did not change specificity (79 %) compared to the addition of 
pCLE alone [54].
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1.4.8	 �Primary Sclerosing Cholangitis (PSC)

In a series of 15 patients, 19 strictures, both extra and intrahepatic, were evaluated 
by ERCP and pCLE. Due to the inflammatory nature of PSC, the authors used a 
scoring system based on the Miami classification. When there were two of five 
malignant criteria, the lesion was classified as “suspicious.” When there was one 
criterion, the lesion was classified as “reactive,” and the finding of a reticular pattern 
was deemed as “benign.” The findings on pCLE were compared to ERCP, cholan-
gioscopy, histology/cytology, liver explants, fluorescence in situ hybridization 
(FISH), or 12 months of follow-up. Visualization was successful in 95 % of the 
procedures; pCLE was found to have a sensitivity of 100 % (95 % CI, 40–100 %), a 
specificity of 50 % (95 % CI, 9–90 %), a PPV of 67 % (95 % CI, 24.5–94 %), and a 
NPV of 100 % (95 % CI, 20–100 %). The authors suggested the high-negative pre-
dictive value of pCLE could guide in the interval of surveillance in patients with 
dominant biliary strictures [55, 56].

1.4.9	 �Solid Organs

With the availability of new probes, CLE allows virtual biopsies of solid organs and 
other intraperitoneal structures during EUS, laparoscopy, or natural-orifice translu-
minal endoscopic surgery (NOTES) procedures providing thus a pathological diag-
nosis based on the morphological features of the solid tissue.

The first report [57] about the use of a probe designed to be used like a handheld 
laparoscope (FIVE1, Optiscan, Notting Hill, Australia) was used in a liver of a 
healthy mice and in pathological tissue in human liver disease of a rodent model. 
Thus, chronic hepatitis, steatosis, and fibrosis were studied using different 
fluorescent-staining protocols, and images in rodents were collected after topical 
application or bolus injection of fluorescent agents. No toxic effects on the animals 
had been observed. Most images were deemed good to excellent quality, and the 
correlation with ex vivo histopathology was substantial. In the same study group, a 
handheld probe was used in 25 patients [58] to examine their liver diseases during 
mini laparoscopy under conscious sedation. Subsurface serial images allowed the 
visualization of hepatocytes, bile ducts, sinusoids, and collagen fibers in  vivo. 
Typical appearances of liver diseases were identified. Confocal diagnosis of 
moderate-to-severe steatosis and pericellular fibrosis correlated well with histopath-
ologic analysis of subsequent biopsies (83.3 % and 84.6 %, respectively).

Recently the AQ-flex probe was used through a 19-G needle in solid organs. 
Mennone and colleagues [59] evaluated, in in vivo feasibility study, the ability of 
nCLE to distinguish between normal and cirrhotic liver tissue in a non-survival rat 
model. In this study three healthy and four cirrhotic rats were examined under gen-
eral anesthesia using three prototypes of confocal miniprobes with different work-
ing distances. During laparotomy features were acquired on the surface of the liver 
capsule and through a 19-gauge needle inserted into the liver parenchyma. 

1  Confocal Laser Endomicroscopy in GI Tract



14

Real-time sequences were recorded after intravenous injection of fluorescein. 
Biopsy specimens were taken for standard histopathology. All the three miniprobes 
identified different features like cords of hepatocytes radiating toward central 
venules in normal livers and distorted hepatic architecture in cirrhotic livers.

Another feasibility study of nCLE in a porcine model by Becker [60] was applied 
in various abdominal organs such as the pancreas, lymph node, spleen, and liver. At 
three academic centers, ten pigs were examined in a non-survival experiment with 
the animals under general anesthesia. Either EUS-guided organ puncture or NOTES 
procedure was technically feasible allowing real-time in vivo images at histologic 
resolutions when compared to standard histopathology.

Subsequent human clinical trials were focused on the evaluation of the pancreas 
and of its pathological features. The first multicenter pilot study [38] evaluated the 
feasibility of nCLE in sixteen pancreatic cysts and two pancreatic masses. No com-
plications occurred after the puncture of pancreatic solid mass. The final diagnosis 
of the solid lesions was established after surgical resection in one case (pancreatic 
endocrine tumor) and by cytology in the other case (adenocarcinoma). Of the two 
solid masses, image quality was respectively deemed good (NET) and moderate 
(adenocarcinoma). Karstensen et al. [61] published a feasibility study in 25 patients 
with pancreatic masses studied with nCLE preloaded into the needle at the same 
location of EUS-FNA. No adverse advents were registered, but the diagnostic value 
was considered limited. In a second paper [62], the same group evaluated prospec-
tively 20 patients with pancreatic masses selected for EUS-FNA.  Also for these 
patients, the FNA was performed at the same location studied with nCLE. Features 
like dark aggregates and pseudoglandular structures were observed in all pancreatic 
adenocarcinomas.

An interesting field of application of pCLE consists in the use of fluorescein-
labeled antibodies that have shown the feasibility of in vivo immunohistological 
staining. Moreover, the fluorescein-labeled antibodies direct to a specific target 
could evaluate the expression of cellular receptors. The detection of these receptors 
in solid neoplasia might potentially be correlated to the efficacy of treatment regi-
mens (tailored therapy).

Nakai and colleagues [63] evaluated whether this method was feasible using nee-
dle-based confocal laser endomicroscopy (nCLE) for extraluminal investigation of 
the pancreas in conjunction with topical administration of antihuman EGFR-
fluorescein-conjugated monoclonal antibodies and antihuman surviving-fluorescein-
conjugated monoclonal antibodies. In pancreatic cancer the expression of EGFR and 
of anti-apoptosis protein surviving is significantly upregulated. Although the number 
of pigs was limited, the technique was feasible. However, the resolution of the pic-
tures obtained was low. Other problems were the immunogenic nature of antibodies, 
long half-life in serum, and slow penetration into tissues due to their high molecular 
weight. Furthermore, antibodies are expensive to produce in high amounts.

Another experimental study [64] showed a precise identification of perigastric 
lymph nodal metastasis using CLE systems to detect fluorescein-labeled hepatic 
cells in original noncancer animal model. Various tumor cell lines coupled with dye 
substances can be injected in the submucosa of the GI tract to migrate to regional 
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lymph nodes and allow for testing node navigation technologies or advanced optical 
imaging systems. They choose hepatic cells as they are easy to be collected in a 
large amount and for their ability to be differentiated from the lymphoid tissue by 
IHC. This model enables the potential of cancer-specific fluorescent antibodies of 
recognizing cancer cells in real time. This model is reproducible and simulated 
metastatic spread of gastric cancer.

CLE technology was used also to make several important observations on func-
tional and molecular features of apoptosis. Goetz and colleagues [65] reported 
hepatocyte apoptosis studied with confocal endomicroscopy: different features 
were seen in living rodents following distinct morphological, functional, and molec-
ular features of apoptosis in intact liver in vivo and at high resolution. In another 
study [66], the injection of fluorescent apoptosis marker was used to study the effect 
of high-linear energy transfer radiation on the HCC tumor model orthotopically 
transplanted.

�Conclusion

In conclusion CLE may be a useful virtual biopsy of GI organs. Real-time confo-
cal laser endomicroscopy has the potential to improve sampling error and poten-
tially reduce the number of procedure needed for a diagnosis in more difficult 
organs to access such as the bile duct and pancreas. In situations in which there 
is no on-site cytopathologist available, endomicroscopy could facilitate cytology 
acquisition. Therefore, safety issues still need further evaluations. However, a 
limited number of trials have actually been carried especially in solid organs. 
However, this finding has to be confirmed in larger studies. Further studies are 
needed to assess the diagnostic accuracy and if nCLE in focal masses is clini-
cally relevant in selected cases.
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2.1	 Introduction

The OTSC® system (Ovesco Endoscopy AG, Tübingen, Germany) consists of a 
nitinol alloy, which allows a high grade of elasticity and was designed to overcome 
the limitations of traditional through-the-scope (TTS) clips allowing a significantly 
larger mechanical circumferential compression of large tissue areas, surrounding 
the vessel without direct trauma.

When released from the applicator, the shape-memory effect and the high grade 
of elasticity of the nitinol alloy cause closure of the clip. The shape-memory alloy 
effects a permanent closing force of the OTSCs between 8 and 9 newtons. Because 
of the superelastic effect of nitinol, the force is permanently applied. Phantom tests 
and animal survival studies have shown that this closing force is necessary to reach 
sufficient compression of tissue.

OTSC has shown its encouraging results in management of various clinical situ-
ations also critical as the closure of gastrointestinal fistulas, iatrogenic perforations 
during endoscopy, anastomotic leaks and post bariatric surgery, bleeding lesions, 
complications and closure of gastrostomies during natural orifice transluminal 
endoscopic surgery.

Therefore in this chapter we present all the possible applications of the OTSC 
devices including.
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2.2	 �Technical Concepts

The over-the-scope clip system must be mounted onto the tip of the scope by the 
applicator with a loading coil, which assists in the opening of the clip. The applica-
tor consists of a cylindrical cap, a wire, and a protection cap. When the clip is 
opened, it fits to the shape of the cylindrical cap. The cap is mounted onto the tip of 
the endoscope.

Two different configurations are available: the “atraumatic” version with blunt 
teeth and the “traumatic” version with two types of sharp teeth (“regular” and “gas-
tric” types) (Fig. 2.1).

The application for bleeding is shown in Fig. 2.2.
The application for the treatment of fistulas is similar, but two types of forceps as 

shown in Fig. 2.3 can also be used.

2.3	 �OTSC in GI Bleeding

Gastrointestinal bleeding is a frequent event in clinical practice. Upper gastroin-
testinal bleeding (UGIB) and lower gastrointestinal bleeding (LGIB) are usually 
distinguished according to the proximal or distal origin of bleeding with respect 
to the ligament of Treitz.

Acute UGIB is a common condition worldwide with an estimated annual inci-
dence of 40–150 cases per 100,000 population [3, 4], 4–6 times more frequent than 

a b c

d e

Fig. 2.1  OTSC system. (a) Atraumatic: short teeth for vessels. OTSC. (b) Traumatic regular type: 
pointed teeth for fistula’ s wall. OTSC. (c) Traumatic gastric-type clip (gc): longer pointed teeth for 
gastric wall. OTSC. (d) Atraumatic clip installed on the tip of an endoscope. OTSC (e) the tip of 
the endoscope loaded with clip and a “twin Gasper” sometimes used to get the tissue

R. Conigliaro et al.



23

a b

c d

Fig. 2.2  Application procedure. The endoscope is inserted with the mounted and loaded clipping 
device (a). The tip of the endoscope is adapted to the lesion, with the optional use of application 
aids like a forceps/grasper, and additional tissue is suctioned into the applicator cap (b). The tissue 
is in close proximity to the applicator, and the clip is fired by stretching the wire with the hand 
wheel (c). The clip captures the tissue that is suctioned into the applicator cap, and then it removes 
the scope from the lesion and proceeds with the correct positioning inspection (d). The arms of the 
clip protruded approximately 4.5 mm into the lumen of the GI tract

a b

Fig. 2.3  Forceps/graspers: Anchor type (a) twin type (b)

2  OTSC System in All Possible Applications
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LGIB; it frequently leads to hospital admission and has significant associated 
morbidity and mortality, especially in the elderly. The most common causes of acute 
UGIB are nonvariceal UGIB (NVUGIB) [3, 4]. This includes peptic ulcers, 28–59 % 
(duodenal ulcer 17–37 % and gastric ulcer 11–24 %); mucosal erosive disease of the 
esophagus/stomach/duodenum, 1–47 %; Mallory–Weiss syndrome, 4–7 %; upper 
GI tract malignancy, 2–4 %; other diagnoses, 2–7 %; or no cause identified, 7–25 % 
[3, 4]. Moreover, in 16–20 % of acute UGIB cases, the cause of bleeding is multi-
factorial (Table 2.1).

LGIB is less common than UIGB, and the incidence is approximately 36 per 
100,000 population [5] with a mortality of up to 3.9 % within 1 year [6, 7], although 
this may rise as high as 13 % by 5 years [8]. The mean age at presentation is in the 
range 63–77 years [9]. Up to 85 % of patients have self-limiting episodes [10], but 
re-bleeding can occur in up to 19 % of cases within a year [8].

The commonest cause of lower GI bleeding requiring hospital admission is 
diverticulosis, accounting for approximately 20–40 % of the cases [8], as well as 
more than 50 % of re-bleeding admission [12]. Right-sided diverticulitis is par-
ticularly likely to cause bleeding [13]. Ischemic colitis is the second most com-
mon cause, representing 12–16 % of cases [13, 14]. Common causes also include 
hemorrhoids and carcinomas of the colon and rectum [12]. Less common causes 
are bleeding following polypectomy, inflammatory bowel disease, and infective 
colitis. A few cases are due to radiation proctitis. Angiodysplasias are less com-
mon, but the source of these can be in the small bowel, and bleeding is often 
severe in such cases [11].

Endoscopic therapy for active UGIB can dramatically reduce the risk of re-
bleeding or ongoing bleeding, the need for surgery, the number of units of packed 
erythrocytes required for transfusion, and the length of hospital stay [15, 16].

The goal of therapeutic endoscopy in patients with UGIB is to stop bleeding and 
prevent re-bleeding.

Endoscopic techniques include injection therapy, ablative therapy, and mechani-
cal therapy. Commonly and less commonly used and experimental therapies for 
NUGIB are reported in Table 2.2.

Table 2.1  Most common causes of UIGB

%

Peptic ulcer 28–59

Erosive 1–47

Variceal bleeding 4–20

Esophagitis 3–12

Mallory–Weis 4–7

Neoplasm 2–4

Others (Dieulafoy’s lesions, angiodysplasias, gastric antral vascular ectasia, portal 
hypertensive gastropathy)

2–7

None 16–20

R. Conigliaro et al.
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Although several types of endoscopic treatment for bleeding peptic ulcers have 
been described, including injection therapy, thermal coagulation, hemostatic clips, 
fibrin sealant (or glue), argon plasma coagulation, and combination therapy (typi-
cally injection of epinephrine combined with another treatment modality), relatively 
a few prospective comparative trials have been performed. Currently, most patients 
are treated with either thermal coagulation therapy or hemostatic clips, with or with-
out the addition of injection therapy.

Meta-analyses have shown that combination endoscopic therapy (dilute epineph-
rine injection combined with a second hemostasis modality including injectable, 
thermal contact probe, or clips) is superior to injection therapy alone, but not to clips 
or contact thermal therapy alone [17, 18]. There may be practical reasons to pre-
inject dilute epinephrine before other therapies for high-risk endoscopic stigmata. 
Injection of epinephrine may slow or stop bleeding allowing improved visualization 
for application of subsequent therapy. Adverse events associated with combination 
endoscopic hemostasis are infrequent and include induction of bleeding (1.7 %) and 
perforation (0.6 %) [18].

Recent international consensus guidelines recommend combination therapy 
(dilute epinephrine injection combined with contact thermal therapy, clips, or injec-
tion of a sclerosant) as appropriate treatment in patients with peptic ulcer bleeding 
with high-risk endoscopic stigmata [19–21].

Despite major advances in its management over the past decade, including intra-
venous high-dose proton pump inhibitors, NVUGIB is still associated with consid-
erable morbidity, mortality, and health economic burden [22]. Of particular note is 
re-bleeding, a major predictor of morbidity and mortality that has not been 

Table 2.2  Endoscopic therapies for NUIGB

Common therapies for nonvariceal UGIB Uncommon therapies for nonvariceal UGIB

Injection therapy
Dilute epinephrine
Sclerosants
Ablative therapy
Contact methods
 � Thermocoagulation—heater probe
 � Electrocoagulation—BICAP, Gold 

Probe™
Noncontact methods
 � Argon plasma coagulation
Mechanical therapy
Hemoclips
Band ligation

Injection therapy
 � Normal saline
 � Thrombin
 � Fibrin sealant
 � Cyanoacrylate glue
Ablative therapy
 � Cryotherapy
 � Photocoagulation—Nd:YAG laser
Mechanical therapy
 � Detachable snare—Endo-loop™ (Olympus 

Corporation, Lake Success, NY)
 � Suturing device
Dual-therapy devices
 � Probe combining electrocautery with needle 

injection
 � Device combining electrocautery with mechanical 

therapy
Topical therapy
 � Hemospray
 � Endoclot

2  OTSC System in All Possible Applications
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significantly improved according to data registered in the last 15 years [4, 23]. 
Although huge advances have been made in terms of therapeutic endoscopic 
devices, complete hemostasis of complicated lesions (i.e., large vessels or fibrotic 
ulcers) still represents a challenging task.

Mechanical or thermal therapy fails to stop bleeding in 5–12 % of cases [18, 24]. 
The limits of current endoscopic therapies are linked to different variables such as 
type, size, and location of the lesion and exposed large vessels. High-risk lesions may 
be technically difficult to manage, resulting in failure of endoscopic treatment.

From a technical point of view, the limits of hemoclips application are well 
known. The limited diameter of the working channel of the endoscope results in a 
relatively small size of through-the-scope clips allowing compression of limited 
amounts of tissue, especially in the presence of scarred and hardened tissue or 
inflammatory mucosa. Accordingly, the hemostatic effect may not be sufficient for 
large-size vessels, and there is often the need to apply more than one clip to achieve 
an effective hemostasis [25, 26]. Furthermore correct application in the antrum and 
duodenal bulb is technically challenging [27].

Preliminary data suggested a possible role of OTSC in GI bleeding. Kirschniak 
et al. [28] treated 12 patients with upper GI bleedings; most of them were caused by 
peptic ulcer disease. Primary hemostasis was achieved in all cases. In two cases, a 
secondary bleeding occurred. In one case, it was observed 12 h after OTSC treat-
ment of a Mallory–Weiss lesion, and in the other case, it occurred 7 days after treat-
ment of bleeding duodenal ulcer. This study demonstrated the efficacy of OTSC in 
upper GI bleeding; however, authors did not specify the characteristics of the lesions 
treated in terms of Forrest classification, location, and size, debarring the assess-
ment of its possible advantage versus standard endoscopic therapy.

A recent study demonstrated efficacy and safety of the OTSC for the treatment 
of patients with severe acute upper and lower GI bleeding unresponsive to conven-
tional treatment, resulting in a salvage endoscopic treatment during NVUGIB emer-
gencies [29]. In that study, 23 cases with GI bleeding unresponsive to conventional 
endoscopic treatment modalities were treated with OTSC. Primary hemostasis with 
OTSC was achieved in 22/23 patients. In one patient with a posterior wall duodenal 
ulcer, emergency-selective radiological embolization was required to stop bleeding 
after failure of the OTSC procedure. Re-bleeding was observed in two cases; both 
cases were successfully re-treated endoscopically. Authors concluded that OTSC is 
an effective and safe endoscopic tool for treatment of patients with severe acute 
NVUGIB unresponsive to conventional treatment modalities, although the propor-
tion of high-risk patients was not stated.

These data were confirmed in two recent studies. One study reported 12 patients 
with severe gastrointestinal bleeding due a duodenal ulcer (n = 6), gastric ulcer 
(n = 2), Dieulafoy’s lesion (n = 2), anastomotic ulceration (n = 1), and Mallory–Weiss 
tear (n = 1). All patients had failed hemostatic therapy using traditional endoscopic 
methods. Hemostasis was achieved in all patients. REBLEEDING occurred in two 
patients 1 day after OTSC placement. Subsequently, the patient with a Mallory–
Weiss tear was successfully treated with an injection of saline/epinephrine and the 
placement of conventional clips. The patient with gastrojejunal anastomotic ulcers 
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was readmitted with melena 7 days after placement of the OTSC.  Repeat EGD 
showed active bleeding from a large, circumferential ischemic anastomotic ulcer. 
No endoscopic intervention was undertaken, and the patient proceeded to radiologi-
cal embolization and then to surgery for reconstruction of the anastomosis. There 
were no complications associated with the application of OTSCs [30].

The second recent study reported a series of a total of nine patients. Six of them 
had undergone previous endoscopic hemostasis therapy. The median size of the 
ulcers was 2.5 cm. All the ulcers and tumors demonstrated the presence of a visible 
vessel on endoscopy. The technical success rate of OTSC was 100 %, and endo-
scopic hemostasis was achieved in all patients. Two patients experienced re-
bleeding, which required further intervention, and hence, the clinical effectiveness 
was 78 % [31]. In these two studies, the authors concluded that OTSC should be 
considered in patients with refractory bleeding after failure of conventional methods 
of endoscopic hemostasis, before surgery or angiographic embolization. Analyzing 
the results of these two studies, we could suppose that previous endoscopic treat-
ment, i.e., clip, could hamper OTSC application resulting in re-bleeding.

Another case series reported the utility of OTCS to provide endoscopic hemosta-
sis for bleeding posterior duodenal ulcers [32]. In this study, four patients with mas-
sive gastrointestinal bleeding due to ulcers located in the posterior bulb and actively 
oozing were treated with OTSC after failure of initial therapy with injection of 
epinephrine/saline solution and clip placement. Hemostasis was successfully 
achieved in all four cases. The authors concluded the OTSC is effective for obliter-
ating ulcers with bleeding vessel located in a difficult position (i.e., the posterior 
duodenum); although heater probe is an effective alternative method to treat such 
lesions, this treatment modality is available in the USA and some Asian countries 
only but not in most European countries. However, using a heater probe can result 
in a higher risk of perforation [33]. The authors also claimed that the placement of 
OTSC was easy [32].

A more recent study reported a series of patients in whom OTSC represented the 
first-line endoscopic treatment in patients with high-risk nonvariceal upper gastro-
intestinal bleeding [34]. During the study period, 40 consecutive patients with 
severe acute NVUGIB were treated with OTSC as first-line endoscopic treatment. 
Indications for OTSC treatment included gastric ulcer with large vessel (Forrest IIa) 
(n = 8, 20 %), duodenal ulcer (Forrest Ib) (n = 7, 18 %), duodenal ulcer with large 
vessel (Forrest IIa) (n = 6, 15 %), Dieulafoy’s lesion (n = 6, 15 %), and other second-
ary indications (n = 13, 32 %). Sixteen (40 %) patients had gastric or duodenal ulcer 
[20 mm (20–29  mm: n = 10, 25 %]; [30 mm: n = 6, 15 %)]. Technical success and 
primary hemostasis were achieved in all patients (100 %). None of the patients had 
re-bleeding or required surgical or radiological embolization treatment. No other 
complications were observed during the 30-day follow-up period. The authors con-
cluded that OTSC placement represents a first-line endoscopic treatment being 
effective, safe, and technically easy to perform.

In summary, OTSC system utilizes a very contractile, superelastic nickel tita-
nium alloy, which provides tissue apposition that is far superior to that of tradi-
tional clipping. Based on published data, the OTSC system appears promising for 
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the treatment of bleeding lesions with large-diameter visible vessels, challenging 
high-risk bleeding lesions such as Dieulafoy’s lesion or those located in awkward 
positions, such as the greater curvature of the stomach or the posterior duodenal 
wall or which may not always be amenable to treatment with standard endoscopic 
devices.

It is believed that hemostasis is achieved by a combination of two mechanisms: 
(I) sealing the blood vessel and (II) closing an ulcer. However, the main mechanism 
appears to be “tissue compression,” which occurs by compressing the surrounding 
tissue around the vessel. However even if it is possible to close an ulcer by applying 
the OTSC directly on a bleeding vessel, it is believed that the abovementioned “tis-
sue compression” mechanism better explains the hemostatic mechanisms.

Moreover, most gastroscopes have working channels on the left side making it 
difficult to apply endoscopic hemostasis to lesions located on the right or in the 
posterior duodenum. In addition, standard clips often fall off from these lesions and 
also induce more bleeding by lacerating the vessel.

The duration of the clipping procedure itself depends on the ability to get in 
touch with the lesion and sufficient adaptation of the applicator cap to the lesion. 
The correct and secure application of the OTSC depends on the correct fitting of the 
application cap to the lesion. With the help of application aids like forceps or grasp-
ers, the lesion can be fixed, and then the scope can be pushed onto the lesion. 
Because there is no visualization possible at the moment of application, the endos-
copist must be sure to be in the correct position.

Despite the early promising results regarding the OTSC device, we need more 
prospective clinical trials to demonstrate its superiority relative to traditional clips 
and closure devices.

Nevertheless, it is clear that the OTSC system is already part of the therapeutic 
armamentarium of the advanced endoscopist, and we expect this device to be used 
more frequently in clinical practice.

2.4	 �The New Device DC ClipCutter

A potential complication of the OTSC system is that once it is deployed it cannot be 
removed. Some publication has recently demonstrated three rescue methods to 
remove the clip in case of misapplication [35–37].

The “official device” of Ovesco Endoscopy AG is the DC ClipCutter: the clip is 
locally brought to the melting point through the application of a brief pulse of current.

The remOVE DC System consists of three units: (Fig. 2.4)

	A.	remOVE Impulse DC (DC generator)
	B.	 remOVE DC Cutter (bipolar endoscopic instrument)
	C.	 remOVE Securcap (cap for the safe extraction of the clip fragments)

Until now, in addition to some report stated on the porcine model [38], only one 
paper has been published with the application in humans [39]. A total of 11 patients 
underwent endoscopic removal of an OTSC. The clip was cut at two opposing sites 
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by a prototype of DC ClipCutter getting the success rate, to complete the cutting and 
removal in 91 % of cases.

No major complications were observed.

2.5	 �Performance of Over-The-Scope Clip System 
in the Endoscopic Closure of Iatrogenic Gastrointestinal 
Perforations and Postsurgical Leaks

Over the years, the absolute number of diagnostic and especially therapeutic endos-
copies has grown tremendously.

Endoscopic technological developments led to the performance of more advanced 
therapeutic procedures with higher risk of complications [40].

Surgeons also began to perform more complex gastrointestinal interventions. 
Consequently, endoscopists are increasingly facing gastrointestinal (GI) defects, 
such as anastomotic leaks, fistulas, and perforations. Anastomotic leak is defined as 
disruption at a surgical anastomosis resulting in a fluid collection, fistula is defined 
as abnormal communication between a natural or pathological cavity with the exter-
nal or two natural cavities between them, and perforation is defined as an uninten-
tional, acute iatrogenic, full-thickness defect in the GI tract [41, 42].

a

b

Fig. 2.4  The remOVE DC system (a) The cutter kipping the clip during the cutting (b)
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Surgical treatment has been the mainstay of therapy for GI defects. However, 
surgical repair, especially for perforations, is associated with higher morbidity (25–
36 %) and mortality (7–10 %) risks, which are accompanied by the risks of general 
anesthesia, prolonged recovery, and increased costs [43–46].

Therefore, endoscopic management of these complications is gaining more pop-
ularity and became a good option in selected cases.

Several endoscopic techniques have been described for closure of GI defects by 
using several devices, such as clips, endoloops and rubber bands, and fibrin glue, 
and methods, such as plugging by a prolene mesh and application of cyanoacrylate 
and placement of covered self-expandable metal stents (CSEMSs) or self-expandable 
plastic stents [47–51]. However, the success rate of these procedures varies between 
55 and 69 %, and additional surgical management is often required [52]

More recently the placement of a new endoscopic Over-The-Scope Clip 
(OTSC®) system (Ovesco Endoscopy GmbH, Tübingen, Germany) has been 
described as illustrated above. The GI defect is suctioned into the cap, and the clip 
is then deployed, approximating the edges (Fig. 2.5). The OTSC device also con-
tains two types of grasping forceps that can be inserted through the operative chan-
nel of the scope and used to pull both tissue edges into the cap before the clip 
released (Fig. 2.3). The use of OTSC has some advantages and limitations. The first 

a b

c

Fig. 2.5  (a) Perianastomotic fistula. (b) The OTS clip positioned to closing the fistula. (c) After 2 
months, the fistula completely healed
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technical limitation of OTSC system is large diameter, until 12 mm, that in patient 
with GI defect and endoluminal stenosis does not allow passage of the scope with 
mounted devices. Another limitation, compared to the through-the-scope (TTS) 
clips, is that in cases of necessity to place two or more devices, it is mandatory to 
remove every time the scope and proceed to assembly a new system. The advan-
tages of OTSC over TTS devices are the larger defects that can be closed by one 
clip (limited by cap diameter and flexibility of the tissue being pulled into the cap) 
and the greater compression and higher closure force. The OTSC system also has a 
higher rate of full-thickness closure, therefore an improved safety profile with 
regard to closure-related infectious complications.

Clinical experience shows that clips usually fall off after several weeks or 
months, depending on the amount of tissue grasped. Since OTSC clips are fully 
biocompatible, they may stay in place indefinitely and does not subsequently pre-
clude magnetic resonance imaging [53].

Complications with the use of OTSC device are rare; isolated cases of esopha-
geal perforation, acute cholangitis, inadvertent tongue piercing, and intestinal 
obstruction (from accidental inclusion of opposing walls into the OTSC) have been 
reported [54–57].

2.6	 �Perforation

Perforation is the most feared adverse event of GI endoscopy, and its incidence 
varies depending on multiple patient-related and procedure-related factors [58, 59].

With more advanced interventional endoscopic procedures, endoscopists may be 
faced more often with perforations; indeed most cases of iatrogenic perforations 
occur during therapeutic procedures. The reported perforation rates are 0.3–0.5 % in 
endoscopic mucosal resection (EMR) and 4–10 % in endoscopic submucosal dis-
section (ESD) [60].

The standard treatment for acute endoscopic perforations is surgical repair. 
However, immediate endoscopic closure is less invasive, does not require anesthe-
sia, and minimizes leakage of GI contents.

The OTSC system can capture and close larger defects up to 30 mm. From the 
technical point of view, the setting of acute endoscopic perforation is optimal for 
OTSC use: the lesion is fresh and without fibrotic alterations or inflammation. Until 
now, no randomized controlled clinical study has been performed to compare the 
OTSC system with other approaches. Several case series have demonstrated suc-
cessful use of the OTSC in closure of acute perforations with clinical success rates 
ranging from 65 to 100 % in healing the GI defect (Table 2.3) [28, 54, 56, 61–71]. 
The largest numbers of patients with gastrointestinal perforations treated with 
OTSC have been reported in two multicenter studies. Voermans et al. reported suc-
cessful closure without need for surgery in 32 of 36 patients (89 %) with acute iat-
rogenic perforations of the gastrointestinal tract <3 cm in size within 24 h of onset 
of perforation [56]. Recently, Haito-Chavez et al. published a multicenter interna-
tional retrospective study of 188 patients who underwent attempted OTSC 
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placement for GI defects, and in the 40 cases with perforation analyzed, technical 
success was achieved in 39 cases (97.5 %), immediate clinical success was achieved 
in 37 (94.9 %), and 36 patients (90 %) had a long-term clinical success [70].

The position paper for diagnosis and management of iatrogenic perforation 
occurring during diagnostic or therapeutic digestive endoscopic procedures of the 
European Society of Gastrointestinal Endoscopy (ESGE) recommends the use of 
OTSC system as first-line therapy for large esophageal (<20 mm) gastric (<30 mm), 
duodenal, and colonic perforations [72].

2.7	 �Postsurgical Leaks

Anastomotic and staple line leaks occur in 0.4–5.2 % of patients having Roux-en-Y 
gastric bypass, 1.6–13.6 % of patients undergoing gastric resection for malignant 
neoplasms, and 3–33 % of patients having a colon resection for colorectal cancer 
[73–79]

Postsurgical complications such as fistula and leaks are conventionally submitted 
to surgical repair. However, surgical re-intervention has a significant morbidity and 
mortality, prolongs hospital stay, and increases costs [80]

The main goal of endoscopic therapy is the interruption of the flow of luminal 
contents across a gastrointestinal defect. Covered removable SEMS and OTSC are 
recent innovations that provide minimally invasive closure. Most of the stents 
usually used for the management of leakages in benign indications are fully cov-
ered in order to optimize removability. It results in a high migration rate with risk 
of recurrence [51].

Table 2.3  Studies reporting over-the-scope clip closure of gastrointestinal perforation

Author Year Study design Number
Overall 
success (%) Size of defect

Kirschniak et al. [22] 2007 Retrospective 4 4/4 (100 %) 4–8 mm

Repici et al. [23] 2009 Retrospective 2 2/2 (100 %) N.S.

Seebach et al. [4] 2010 Retrospective 4 3/4 (75 %) N.S.

Kirschniak et al. [24] 2011 Retrospective 11 11/11 
(100 %)

N.S.

Sandmann et al. [25] 2011 Retrospective 3 3/3 (100 %) N.S.

Baron et al. [15] 2012 Retrospective 5 4/5 (80 %) N.S.

Gubler et al. [26] 2012 Prospective 14 13/14 (93 %) 6–30 mm

Hagel et al. [27] 2012 Retrospective 17 11/17 (65 %) 2–40 mm

Voermans et al. [17] 2012 Prospective 36 32/36 (89 %) N.S.

Nishiyama et al. [28] 2013 Retrospective 11 10/11 (90 %) 5–40 mm

Schlag et al. [29] 2013 Prospective 6 6/6 (100 %) 7–30 mm

Changela K et al. [30] 2014 Retrospective 3 3/3 (100 %) 20 mm

Haito- Chavez et al. [31] 2014 Retrospective 40 36/40 (90 %) 7 mm (median)

Farnick et al. [32] 2015 Prospective 18 15/18 (83 %) 1–30 mm
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The successful closure of leaks with OTSC has varied widely between 33 and 
100 % in published series (Table 2.4) [54, 63, 64, 70, 71, 81–91]. Difficulties arise 
in the treatment of chronic leaks. The failure of this technique is more frequent 
when the leak edges are fibrotic and in patients who had undergone several surgical 
approaches. Indeed, Albert et al. found that success was high and durable when the 
time from diagnosis to application of the clip was within 1 week, resulting in a suc-
cess rate of 100 % in postoperative lesions [44]. With increasing time from detection 
of the lesion to endoscopic treatment, the tissue was more difficult to grasp, and the 
success rate decreased to less than 60 % [44]. Haito-Chavez et al. analyzed 30 cases 
with long-term follow-up of OTSC placement for leaks, and technical success was 
achieved in 27 patients, immediate clinical success was achieved in 26 patients 
(96.3 %), and the overall long-term clinical success was achieved in 22 patients 
(73.3 %) [31]. In the three cases without technical success, the fibrotic or necrotic 
borders were cited as the most common cause of failure [70]

2.8	 �Gastrointestinal Fistulas

Gastrointestinal fistulas occur after surgical intervention, secondary to inflamma-
tory or infectious disorders, after radiation therapy, or following removal of percu-
taneous tubes [91].

Despite the advent of the OTSC system, closure of GI fistulas using endoscopic 
methods remains difficult, and the successful closure of fistulas varies between 25 
and 100 % in published series (Table 2.5) [54, 63, 64, 70, 71, 81–90]. A systematic 
review by Weiland et  al. evaluated several studies using the OTSC system for 

Table 2.4  Studies reporting Over-The-Scope Clip closure of postsurgical leak

Author Year Study design Number
Overall 
success (%) Size of defect

Parodi et al. [42] 2010 Prospective 6 4/6 (67 %) 10–20 mm

Pohl et al. [43] 2010 Retrospective 2 1/2 (50 %) N.S.

Seebach et al. [4] 2010 Retrospective 3 2/3 (67 %) N.S.

Albert et al. [44] 2011 Retrospective 6 5/6 (83.3.6 %) N.S.

Sandmann et al. [25] 2011 Retrospective 3 2/3 (67 %) N.S.

Manta et al. [45] 2011 Retrospective 12 11/12 (92 %) 6–25 mm

Surace et al. [46] 2011 Prospective 18 7/18 (39 %) N.S.

Arezzo et al. [47] 2012 Prospective 10 6/10 (60 %) 6–12 mm

Baron et al. [15] 2012 Retrospective 3 1/3 (33 %) N.S.

Disibeyaz et al. [48] 2012 Retrospective 5 3/5 (57 %) 6–20 mm

Galizia et al. [49] 2012 Retrospective 3 3/3 (100 %) N.R.

Menningen et al. [50] 2013 Retrospective 6 5/6 (83 %) <20 mm

Haito-Chavez et al. [31] 2014 Retrospective 30 22/30 (73.3 %) 8 mm (median)

Winder et al. [51] 2015 Retrospective 6 6/6 (100 %) 8 mm (median)

Farnick et al. [32] 2015 Prospective 16 9/16 (56 %) 1–30 mm
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endoscopic closure of GI fistulas and reported a high rate of technical success 
(84.6 %) but a durable clinical success of 69 % [92].

Haito-Chavez et al. reported the results of the OTSC system for the treatment of 
GI fistula in 91 patients with a median follow-up of 121 days, and technical success 
was achieved in 85 patients (93.4 %), immediate clinical success was achieved in 
77 patients (90.6 %), and the overall long-term clinical success was achieved in only 
39 patients (42.9 %) [90].

Law et  al. in a retrospective review of 47 patients, who underwent OTSC 
placement for closure of GI fistulas, reported an initial technical success of 89 % 
(42/47 cases) but an overall long-term clinical success achieved in only 25 cases 
(53 %) [91].

The induration and fibrosis associated with chronic fistulas may result in failure 
of adequate tissue apposition. Adjunctive measures have been evaluated in addition 
to OTSC placement to promote fistula closure. Attempts to denude or disrupt the 
epithelialized tract by mechanical (e.g., standard cytology brush) or thermal (e.g., 
argon plasma coagulation) processes have been described and might hinder optimal 
OTSC opposition and successful fistula closure [54, 70, 93] The OTSC system may 
be effective in combination with adjunctive therapies, such as covered SEMS place-
ment and application of cyanoacrylate or other tissue adhesives, to resolve the 
underlying disorder [54, 90, 93].

2.9	 �Over-The-Scope Clip Full-Thickness Resection Device 
(OTSC FTRD)

The novel “full-thickness resection device” (FTRD, Ovesco Endoscopy, Tübingen, 
Germany) is the first combined system for full-thickness resection of colon lesions 
with the closure and resection of the tissue integrated in a single procedure.

Table 2.5  Studies reporting Over-The-Scope Clip closure of gastrointestinal fistulas

Author Year Study design Number
Overall 
success Size of defect

Parodi et al. [42] 2010 Prospective 3 3/3 (100 %) 10–15 mm

Albert et al. [44] 2011 Retrospective 4 1/4 (25 %) N.S.

Kirschniak et al. [24] 2011 Retrospective 8 3/8 (37.5 %) N.S.

Sandmann et al. [25] 2011 Retrospective 4 4/4 (100 %) N.S.

Arezzo et al. [47] 2012 Prospective 4 4/4 (100 %) 5–12 mm

Baron et al. [15] 2012 Retrospective 14 10/17 (59 %) N.S.

Disibeyaz et al. [48] 2012 Retrospective 3 1/3 (33 %) 10–15 mm

Nishiyama et al. [28] 2013 Retrospective 4 3/4 (75 %) 10–28 mm

Menningen et al. [50] 2013 Retrospective 8 6/8 (75 %) N.S.

Haito-Chavez et al. [31] 2014 Retrospective 30 33/91 (42.9 %) 5 mm (median)

Winder et al. [51] 2015 Retrospective 17 17/22 (77.3 %) 5 mm (median)

Law et al. [52] 2015 Retrospective 27 25/47 (53 %) N.S.
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The OTSC FTRD was designed for one-step colon endoscopic FTR (EFTR) 
after OTSC application. Similar to the OTSC system, it can be mounted over a stan-
dard colonoscope and consists of a long transparent applicator cap carrying a modi-
fied 14  mm OTSC.  The FTRD system is shown in Fig.  2.6. Compared to the 
conventional OTSC system, the cap is much longer (23 mm vs. 6 mm) and can 
therefore incorporate more tissue.

A 13 mm monofilament high-frequency (HF) snare is a preloaded on the tip of 
the cap. The handle of the snare runs on the outer surface of the scope underneath a 
plastic sheath. For resection, grasping forceps (or a tissue anchor) are advanced 

a b

c
d

e

Fig. 2.6  OTSC FTRD system. (a) Cap with preloaded clip, (b) FTRD system assembled, mounted 
and ready for use. (c) Forceps to grasp the tissue introduced into the working channel. (d) Lesion 
pulled into the cap with forceps. (e) The Over-The-Scope Clip deployed; and the tissue above the 
clip resected
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through the working channel of the scope; the lesion is pulled into the cap thereby 
creating a full-thickness duplication of the colonic wall.

Immediately after clip deployment, the tissue above the clip is resected with the 
snare above the clip. The device was firstly introduced in 2011 and evaluated in 
several porcine studies [94–97].

To date, there are five published studies, the first reporting successful EFTR of 
three recurrent non-lifting colonic adenomas [98]. A video case has been published 
demonstrating successful EFTR of an adenoma arising from a diverticulum [99].

A case series concerning 25 patients who underwent EFTR in the colon and 
rectum has recently been reported: immediate or delayed perforation or major 
bleeding was not reported. Technical success was 83.3 % and R0 resection rate 
75 % [100].

In all series published, the majority of indications were non-lifting adenomas, or 
the recurrences and the sites were everywhere in the colorectum. Other indications 
are the resection of small subepithelial tumors in different locations with a mean 
tumor size of 15 mm.

A published data suggest that the FTRD system is feasible, effective, and safe. 
The major limitation of the system is the maximum size of the lesion to be resected. 
It is true that this limit strongly depends on the mobility of the colonic wall; indeed 
a resection specimen of up to 5.4 cm has been reported in experimental porcine 
study colon [94], while the median diameter in the mentioned clinical study was 
24 mm (range 12–40 mm) [100].

This technique represents a minimally invasive endoluminal approach, which 
could become the ideal treatment for lesions with low risk of tumor seeding like 
advanced adenomas, “small” mesenchymal tumors, even a subset of early carcino-
mas, or neuroendocrine tumor [101, 102].

The advantages are:

•	 To allow to evaluate and get properly the R0 resection in T1 lesions with infiltra-
tion of the submucosa

•	 Give the option to safely and completely remove small submucosal lesions
•	 Having the possibility to get full-thickness intestinal biopsies

However some disadvantages are:

•	 Lower maneuverability of the colonoscope with the mounted device, so some-
times it is difficult to achieve proximal lesions

•	 Limits of size related to the diameter of the device
•	 Applicability only in the colon, because pharyngeal intubation would be danger-

ous and the gastric wall thickness does not allow a complete resection “full 
thickness”

The limit of the size of the device involves:

	(a)	 The difficulty to resect larger lesions or hard scar tissue.
	(b)	 The difficulty to evaluate well the wound edges with the risk of an R1 resection
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In this context, until now, the percentage of R0 resections are around 75 % vs. 
88 % of endoscopic submucosal dissection (ESD) [103]

At this point, it should be stated that all innovative techniques need to be investigated 
systematically. The majority of available studies are preclinical with a very limited 
amount of animal models or retrospective noncontrolled small clinical series; surely this 
depends partly because the device is recent. However, it is known that in Germany there 
are some prospective multicenter and single-center ongoing studies [104].

�Conclusions

In summary, the recent developments and studies have brought the OTSC system 
into clinical routine for selected indications. While the role of OTSC system is 
widely accepted and there are many published literature for application in fistu-
las and bleeding, the EFTR system has yet to be widely applied in order to take 
stock of cost benefit.

This progress has again pushed the frontiers of endoluminal resections toward 
transmural interventions. However, prospective clinical trials are necessary to 
define applications and technical improvements regarding resection/closure 
devices and platforms.
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3.1	 �Introduction

Pancreatic ductal carcinoma is the fourth cause of death for cancer in Western 
countries. The high mortality rate is due to the incidence of metastatic or unresect-
able disease at the time of diagnosis because of the lack of specific symptoms. 
Advanced pancreatic cancer has a poor prognosis with a median survival range of 
9–15 months for locally advanced pancreatic cancer and 6 months for metastatic 
disease [1]. Although the associated increase in risk is small, the development of 
pancreatic cancer is strictly linked to cigarette smoking [2–4].

An increased body mass index is also associated with an increased risk [5–7] as 
well as occupational exposure to chemicals, such as beta-naphthylamine and benzi-
dine [8]. A familial history of PDAC or recent onset of diabetes may play a key role 
and requires clinical surveillance for these subjects [3, 9–13]. An excess of pancre-
atic cancer is also seen in families harboring breast cancer susceptibility gene 2 
mutations (BRCA2) [14, 15]. Specific mutations in the PALB2 gene have recently 
been identified as possibly increasing susceptibility for pancreatic cancer [16]. In 
70 % of cases, the tumor is located in the pancreatic head, and symptoms are usually 
related to the involvement of surrounding structures: the duodenum and common 
bile duct. For tumors of the body and tail, the diagnosis can be late due to nonspe-
cific symptoms (back pain, abdominal discomfort, dyspepsia), particularly when the 
disease is advanced and the mass has enough room to expand. Less than 20 % of 
cases are resectable at the time of diagnosis, and it is well known that radical (R0) 
resection is the only chance to improve long-term survival. However, even under 
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optimal conditions, the median survival of these patients ranges from 15 to 19 
months, and the 5-year survival rate is approximately 20 % [17].

The three possible scenarios at time of diagnosis are the following:

•	 The tumor is small and “well located,” and surgical resection is possible (20 % of 
cases) with high chance of clear margins. Negative margin status (R0 resection), 
tumor DNA content, tumor size, and the absence of lymph node metastases are 
the strongest prognostic indicators for long-term patient survival [18–21]. The 
high rate of metastatic recurrence after radical resection of early-stage disease 
suggests that pancreatic adenocarcinoma is a systemic disease in most patients 
by the time of clinical presentation [22].

•	 The tumor is associated with distant metastases (40 % of cases), and there is no 
chance for curative treatments. The primary goals of treatment for metastatic 
pancreatic cancer are palliation of symptoms and control of progression. 
Systemic chemotherapy is the best therapy when general conditions and perfor-
mance status are suitable. Life expectancy for these patients does not exceed 
8–10 months.

•	 Locally advanced tumor remains the unsolved issue. There is no consensus on a 
common definition and on the gold standard therapy, and surgical or medical 
treatment usually depends on surgical team skills and attitude. We generally 
define it as a tumor involving major vessels close to the gland, where an en bloc 
resection with arterial reconstruction would be the only chance to remove it 
(40 % of cases). Chemoradiation is the conventional option for treatment of 
LAPC. Currently, systemic chemotherapy (CHT) followed by chemoradiation 
(CHRT) is recommended for patients with a good performance status. Initial 
systemic chemotherapy can be administered to patients with locally advanced 
disease when chemoradiation therapy is planned. Emerging data suggest that a 
period of chemotherapy followed by standard chemoradiation may be more 
effective than up-front chemoradiation [23–26]. Despite this, unresectable stages 
are characterized by a very poor prognosis, with a reported median survival of 
12–14 months [27]. In these patients, increase of resection rate is possible after 
neoadjuvant CHT as several authors reported, but results on survival rate are not 
homogeneous [28–32]. Therefore, new treatment options for unresectable pan-
creatic cancer should be proposed.

3.2	 �Radiofrequency Ablation and Pancreatic Carcinoma

The use of RFA in pancreatic cancer has been very limited so far [37–41]. Reported 
experiences are related to small series (20 patients are the largest cohort) with dif-
ferent stages of disease considered: patients with stage III and IV were treated in the 
same studies. Technical parameters and devices were not uniform, and the results 
from the different papers were not homogeneous. Only Spiliotis demonstrated a 
positive impact on survival (33 months), but it is the only, hardly believable, long-
term positive result.
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During treatment, one RFA probe is placed in the targeted tissue, and high-
frequency alternating current is generated leading to frictional heating above 60 °C 
up to 100 °C inducing coagulative necrosis [33–35]. Higher temperatures would 
result in desiccation and subsequent increase in tissue impedance which limits fur-
ther conduction of electricity into the tissue [36].

Application of RFA to the pancreas presents specific, potential problems 
related to anatomical aspects (surrounding structures), tumor biology, and pecu-
liar properties of pancreatic parenchyma. The risk of an inadvertent thermal injury 
of the distal common bile duct, duodenum, transverse colon, and portal vein is not 
negligible. Moreover, thermal damage of healthy pancreatic tissue may cause 
severe pancreatitis, pancreatic fistula, or pancreatic ascites, i.e., life-threatening 
complications.

Beside this, the lack of a gross animal experimental model makes the definition 
of specific parameters of application for pancreatic cancer unachievable.

3.2.1	 �Operative Technique

The procedure was performed under general anesthesia. To rule out undetected 
metastases, accurate exploration of peritoneal cavity was performed by the surgeon 
and supported by intraoperative ultrasound that excluded liver metastases and con-
firmed unresectability of the lesion. The gastrocolic ligament was divided and the 
Kocher maneuver was performed to expose the pancreatic head. A cold wet gauze 
was placed behind the pancreatic head to protect the inferior vena cava. The area 
surrounding the ablation was irrigated with cold saline solution, and the duodenum 
was continuously perfused with cold solution through a gastric tube.

RFA procedure A RITA® System Generator 1500X (AngioDynamics®, USA) 
was used (Fig. 3.1).

The probe (StarBurst XL multi-array or UniBlate single cool tip) was placed 
in the center of the lesion under US guidance (Fig. 3.2). The depth, opening, and 
time were decided according to size, shape, and in vivo coagulative effect which 
was monitored by intraoperative US (Fig. 3.3). In the case of biliary duct dilation 
or jaundice, and/or duodenal obstruction, biliary and/or gastric bypass was per-
formed. One soft drain was located close to the insertion site in the mass and a 
second one when biliary bypass was done. After surgery, patients were screened 
daily for acute pancreatitis, bleeding, and infection with serum amylase, lipase, 
blood glucose, calcium, white blood count, hematocrit, hemoglobin, and liver 
function tests. On postoperative day 1 and 3, serum C-reactive protein and amy-
lase content in the abdominal drain were checked. The latter was removed on day 
3 if no criteria for pancreatic fistula were encountered [42]. On day 7 after sur-
gery abdominal US, CT scan, and plasma CA 19.9 were performed. Follow-up 
consisted in clinical examination, CT scan or MRI, and CA 19.9 value every 
3 months.

In our study the main outcome measures included 30-day morbidity and 
mortality.
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Fig. 3.1  Technical equipment – shape and size of ablated area

Fig. 3.2  Intraoperative US-guided probe placement
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3.3	 �The Pilot Study

After approval from the local medical committee, we carried out a pilot study with 
satisfactory results: 50 patients corresponding to the inclusion criteria (Table 3.1) 
were treated in a 20-month period before or after a combination of chemo and 
chemoradiotherapy. Morbidity and mortality rate was 26 % and 2 %, respectively.

Fig. 3.3  Intraoperative US monitoring at different timing after delivery of the energy: gas bubble 
production in the tumor mass

Table 3.1  Inclusion and exclusion criteria for pancreatic cancer RFA

Inclusion criteria Exclusion criteria

Age between 18 and 80 years Age <18 or >80 years

Specific consent obtained Contraindications to laparotomy

Solid neoplasia of pancreatic head, body, or tail Multiple pancreatic lesions

Preoperative cytology positive for pancreatic 
carcinoma

Stage IV disease

Preoperative staging suggestive for unresectable 
mass (stage III)

Intraoperative finding of unexpected 
distant metastasis
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After an interim analysis of the first 25 patients, because of the pilot nature 
of the study and the lack of specific parameters of application for pancreatic 
cancer, we decided to decrease the RFA temperature from 105 to 90 °C in the 
following 25 patients. The overall complication rate significantly decreased to 
8 % [43].

After these preliminary results, we felt confident to propose the procedure to our 
patients as an alternative treatment to stage III PDAC in a multimodal setting. We 
slightly changed our target and started to consider RFA as a treatment option that 
could modify the natural history of the disease. RFA should be considered a cytore-
ductive treatment, which provides direct and rapid necrosis of the mass. This deb-
ulking effect on tumor volume may induce the acceptance of a higher perioperative 
risk when compared to bypass operations alone [44]. We prolonged follow-up of the 
initial group of patients and found that most of them attended at planned controls. 
Therefore, we decided to review our results when 100 patients had been treated. In 
this group of patients treated with a new multimodal therapy, RFA associated to 
chemo and radiotherapy, the median OS and DSS were 20 and 23 months, respec-
tively, and confirmed the preliminary data of the previous pilot study [45]

3.4	 �Single-Center Overall Experience

Between February 2007 and December 2014, 200 patients were treated with RFA in 
our department. All patients had preoperative diagnosis of stage III pancreatic car-
cinoma confirmed by contrast US, abdominal CT scan, and/or MRCP, all histologi-
cally proven by fine-needle aspiration. All demographics data are listed in Table 3.2. 
The male/female ratio was 112/88 with a mean age of 64 years. The tumor was 
located in the pancreatic head/uncinate process in 145 cases and in the body/tail in 
55 cases. Median tumor size was 35 mm (IQR 34–48). Medium serum CA 19.9 at 
admission was 110 (IQR 28–479), with mean hospital stay of 10.7 days.

Thirty-nine percent of patients received RFA as up-front treatment when surgical 
palliation was needed or due to the lack of diagnosis or under staging. The remain-
ing 61 % underwent neoadjuvant chemo or radiochemotherapy.

During RFA operation, associated surgery was performed in 45 % of patients: 
49 % single bypass (biliary or gastric), 43 % double bypass, one cholecystectomy, 
and one pseudocyst-jejunostomy.

Table 3.2  Demographics 
data

M/F 112/88

Median age 64 years

Tumor site head/body-tail 145/55

Tumor size median (IQR) 35 mm (30–48)

Mean hospital stay 10.7 days

Ca19.9 median (IQR) 110 (28–479)
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3.4.1	 �Complications

Postoperative course was uneventful in 76 % of cases; overall, complication rate was 
24 % with systemic complications in 2 % of cases and abdominal complications in 23 % 
of patients: 12 % RFA-related and 11 % related to associated surgery. All complications 
are listed in Table 3.3. Mortality rate was 2 %. Four patients died: one for hepatic insuf-
ficiency, one for septic shock due to duodenal perforation, and two for massive duodenal 
bleeding. Reoperation rate was 3 % and in all cases for associated surgery-related 
complications.

Considering the postoperative complications, duodenal injuries had a main 
impact on clinical course with different events:

•	 Asymptomatic mucosal burn, requiring conservative medical treatment and 
endoscopic monitoring at 7 and 30 days.

•	 Penetrating ulcer with massive bleeding: this is the result of an overtreatment of 
a tumor infiltrating the duodenum. In this case endoscopic treatment could be 
ineffective, and emergency surgery should be considered.

The whole tumor ablation should be avoided in order to prevent the diffusion 
of high temperatures to surrounding tissues as the pancreas itself, major vessels, 
the common bile duct, and the duodenum: a spared peripheral rim is the “safety 
margin” to prevent thermal damage.

The retrospective analysis on survival confirmed the data previously 
achieved in 100 patients with a median survival of 19 months (Fig. 3.4) and a 
progression-free survival of 13 months (Fig. 3.5). Moreover, the results do not 
seem to depend on the rate of the ablated area. In other words, the benefit on 
survival is not strictly correlated to the amount of coagulative necrosis we 
achieved, as already demonstrated for liver cancer. Therefore, we could do a 
limited ablation with virtually unchanged results but decreasing the risk of 
complications.

Table 3.3  Type of complications

RFA related
12 %

Acute pancreatitis

Pancreatic fistula

Portal or mesenteric thrombosis

Duodenal injuries

Intra-abdominal bleeding (site of probe insertion)

Surgery associated related
11 %

Abdominal bleeding

Biliary or gastric anastomosis leak

Fluid collection/abscess

Upper GI dysfunction (delayed gastric emptying, stress ulcer)
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Fig. 3.4  Overall survival rate on 200 patients
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On the basis of these observations, we modified the parameters of application as 
follows:

•	 Temperature never above 80 ° C.
•	 RFA limited to “the core” of the tumor.
•	 Use of the single cool-tip needle UniBlate.
•	 Stay away from the duodenum – at least 10 mm.

After these last technical changes, we pointed out a significant reduction of 
morbidity rate from 25 to 13 % and mortality, from 2 to 0 %.

Our preliminary results on survival suggest that, although pancreatic cancer is 
considered a systemic disease since the very early stages, the local cytoreductive treat-
ment is able to modify its natural course, regardless of the size of the ablated area.

But what is the possible explanation of these surprising and encouraging results?

3.5	 �Immunomodulatory Effects of RFA

It has been proposed that tumor destruction due to radiofrequency ablation takes 
two steps: firstly, a direct damage proportional to the applied energy, tumor biology, 
and its microenvironment and, secondly, an indirect damage after the energy appli-
cation. The latter represents the progression of tissue damage, which can arise from 
immunity stimulation due to the ablation [46].

As a matter of fact, the evidence of spontaneous regression of secondary untreated 
lesions after the ablation of the primary tumor site can lead to the evidence of immu-
nity stimulation by the treatment [47–50].

It is indeed well known that, when a temperature higher than 60 °C is applied, in 
the treated area, multiple changes occur: enzymes inactivation, protein denatur-
ation, and coagulative necrosis. The events mentioned above can modify the mem-
brane permeability with cytolysis and metabolite accumulation. All the modifications 
can actively extend for days, also weeks, after the thermal application [34, 35].

Ablation site can be divided into three zones: the central zone where the highest 
temperature produces coagulative necrosis, the transition zone where sublethal 
hyperthermia produces cell apoptosis, and the peripheral zone which is excluded 
from direct temperature damage [51].

Many papers have studied the transition zone, considered as the primary site 
where inflammatory processes stimulate the immunity system [52, 53]. Murine 
models and in vivo studies showed the increase of HSP-70 (heat shock protein) after 
thermal ablation in the transition zone up to 5 days after the treatment [54–57].

HSP-70 is a heterogeneous family of extracellular proteins induced by stress. 
Calderwood et al. described their role in the intracellular signaling processes and 
immunity stimulation [75].

Thermal stress increases tissue HSPs and facilitates its permeability through cell 
membrane into interstitial space [58–62]. Stress-induced proteins can be also produced 
by neurons, monocytes, macrophages, B-lymphocytes, and tumor cells [63–69]. The 
main activity is to trigger the innate immunity response by releasing multiple cytokines 
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and stimulation of adaptive immunity by its ability to enhance the peptide ligands. 
Moreover, the complex HSP peptide, when released by tumor apoptotic cell, links with 
antigen-presenting cells (APCs), represented by dendritic cells population, promoting 
the antigen presentation [70–78].

Furthermore, it has been extensively demonstrated a cytotoxic activity after ther-
mal damage.

Multiple studies clearly show the evidence of immunity cells stimulation (like 
dendritic cells, B- and T-subsets) [79].

Other evidences attribute a power to increase the production of multiple pro-
inflammatory cytokines like TNF-α, IL-6, IL-8, IL-10, HGF, and VEGF [80–86].

Fietta et al. underlined the importance of another factor: the lymphocytes T regula-
tors (Tregs) [87]. T regulators are crucial to modulate the immunity response in order 
to control inflammatory reactions, compared to normal immunity response. Fietta 
et al. proved that, after RFA ablation, Tregs remain inactivated up to 30 days [87].

In conclusion, RFA stimulates immune activity through different mechanisms: 
enhancement of antigen presentation by increasing the activity of dendritic cells, 
stimulation of antitumor response by increasing cytotoxic activity, and suppression 
of negative modulation decreasing the Treg subset.

The immune stimulation might be particularly effective in pancreatic cancer where 
the lack of dendritic cells, the limited number of natural apoptosis, and the chemore-
sistance significantly restrict the immunogenic potential of the tumor. These peculiari-
ties make the pancreatic cancer the “ideal candidate” for thermal ablation [88].

3.6	 �Control of an Aggressive Disease

Among the “unexpected events” occurred in this study, downstaging of unresectable 
tumor was definitely at the top of the list: in our series, downstaging rate was 8 %, a value 
which does not justify the procedure with neoadjuvant intent. However, in many cases 
we observed prolonged disease stability rather than a significant mass reduction: the 
mass was usually slightly reduced in size at imaging and often associated to a better 
performance status and negative tumor markers (when previously expressed). This could 
suggest that “to convert an aggressive entity into a chronic disease” is a realistic goal. 
The previous considerations allow us to assume that the disease might have a low aggres-
siveness resulting in less tissue viability. From pathological data, RFA does not seem to 
have an impact on downstaging rate, but, when this is achieved, it is nearly complete.

When downstaging is not achieved, preliminary data show good control of the 
disease with an encouraging progression-free survival (13 months).

3.6.1	 �Imaging and Pathology After RFA

The intraoperative evaluation of RFA effects is challenging [89]. Local effects can 
be better checked 1 month after the procedure through abdominal CT scan, perfu-
sion CT scan (Fig. 3.6), and contrast enhancement ultrasound (CEUS) (Fig. 3.7). 
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Fig. 3.6  Perfusion CT scan of the ablated area (in T1 the blood flow is zero)

Fig. 3.7  CEUS after tumor ablation: no contrast enhancement in the ablated area
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The ablation appears like a well-defined, hypodense area with lack of perfusion at 
CT scan (Figs. 3.8 and 3.9).

The comparison between preoperative and postoperative CT scan images allows 
checking the size and the rate of coagulative necrosis (Fig. 3.10). However, the quanti-
fication of residual neoplastic tissue around the ablated area is still an unsolved prob-
lem: does the absence of vascular supply mean the absence of vital neoplastic cells? 
The answer may come from the histological data in our patients who underwent resec-
tion after RFA: only a few neoplastic foci in most cases (Fig. 3.11) and complete tumor 
regression in one case were detected (Fig. 3.12). Comparison of pre- and post-RFA CA 
19.9 serum levels may also help in the assessment of ablative results.

3.7	 �Timing of the Procedure

The right timing of RFA, up-front or after neoadjuvant CHT, has been a matter 
of debate. We retrospectively analyzed 57 patients affected by stage III PDC 
who received short-term chemotherapy between February 2007 and June 2010 

Fig. 3.8  One month CT scan images: well-defined, nonenhancing area corresponding to ablation 
site in the body-tail of the pancreas

Fig. 3.9  CT 1 month after RFA: hypodense area in the head of the pancreas
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[90]. Among 57 treated cases, 29 patients had a minimum follow-up of 12 
months. We compared their survival data with those from a similar group of 
patients affected by LAC, observed in the same period, who underwent RFA as 
up-front therapy, and we saw that there was no difference in survival associated 
with the timing of RFA (Fig. 3.13).We can therefore propose RFA as an up-front 
treatment with no fear of neglecting a neoadjuvant treatment.

3.8	 �Clinical Trials

We will keep offering RFA to our patients as one of the possible treatment modali-
ties for stage III disease. The retrospective, preliminary results achieved in our 
series need to be validated, and therefore a prospective, randomized, controlled trial 
is ongoing. At the same time, we are carrying out an immunology study protocol 
with the aim to find out specific immunomodulatory effects after thermal ablation 
and their role in disease control. Immunity effects of RFA in pancreatic cancer have 
never been investigated.

As mentioned above, the complication rate is the “Achilles heel” of the surgical 
ablation. Therefore, on the way to decrease the risks of the procedure, the choice of 
a minimally invasive approach is strongly encouraged.

a

b

Fig. 3.10  (a) Preoperative CT scan: locally advanced pancreatic cancer (3 cm) of the uncinate 
process and (b) ablation area with adequate safety margins – CT scan after 1 month

3  Radiofrequency Ablation of Pancreatic Mass



56

3.9	 �Endoscopic Ultrasound-Guided Ablation

Endoscopic ultrasound (EUS) is a well-known procedure that was introduced in 
clinical practice more than 30 years ago. In the early 1990s, linear-array echoendo-
scopes equipped with a working channel safely guiding a needle into a target lesion 
have been introduced. By means of this technique, therapeutic interventions such as 
drainage of fluid collections and of obstructed pancreatic and biliary ducts, celiac 
plexus neurolysis, ablation of cyst neoplasms of the pancreas, biliary and gastroen-
teric anastomoses, injection of antitumor agents inside the tumor, and radiofre-
quency and cryothermal ablation of solid neoplasms are currently performed.

Radiofrequency thermal ablation (RFA) of solid tumors is widely applied for 
unresectable tumors, with surgical or percutaneous approaches, in several organs. 
However, in pancreatic neoplasms the procedure is not yet commonly adopted. RFA 
for locally advanced pancreatic cancer has been largely applied during laparotomy 
in retrospective reports demonstrating feasibility, safety, and benefits on overall 
survival.

Potential advantages of RFA of pancreatic neoplasms under EUS guidance are a 
less invasive approach, a more accurate identification of the target lesion due to the 

Fig. 3.11  Histological specimen of resected tumor after ablation: within the 2 cm macroscopic 
tumoral area, 8 mm neoplastic focus, and few microaggregates of atypical cells in a large amount 
of fibrotic tissue
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high-resolution images, and the short distance between the device and the neoplasm 
as compared to percutaneous approach.

The RFA with EUS approach (EUS-RFA) of pancreatic lesions in humans was 
carried out after several attempts in animal models. In 1999 Goldberg et al. [91] 
reported EUS-RFA in the pancreas of 13 pigs using a modified EUS 19-gauge nee-
dle electrode with a 1–1.5 cm tip. No major complications occurred but the ablated 
area in the pancreas was less than 1 cm size. Only one pig developed pancreatitis. In 
2008 Carrara et al. [92] found a good correlation between the size of the ablated 
area and the duration of ablation in the pancreas of 14 pigs using a flexible bipolar 
ablation probe combining RFA and cryogenic cooling with carbon dioxide. Two 
pigs developed necrotizing pancreatitis. It was shown that the same device produced 
similar effects in the liver and spleen of 19 pigs [93]. A different device was tested 
in 2009 by Varadarajulu et al. [94]. An umbrella-shaped electrode array introduced 
through the lumen of a 19-gauge EUS-FNA needle was used to ablate the liver of 5 
pigs. No major complications after the procedure have been reported with a mean 
area of coagulation necrosis at histopathology of 2.6 cm. This method presented the 
limit of a very large necrotic area for the application in the pancreas and the 

Fig. 3.12  Histological specimen of a resected tumor after ablation: reparative fibrosis without 
stromal architecture, no cancer cells
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difficulty in determining the exact position of all the hooks of the umbrella-shaped 
electrode that lie on a different plane of the probe. In 2012, Gaidhane et al. [95] 
reported results of RFA of five porcine pancreas using the Habib EUS-RFA 1 Fr 
wire monopolar probe introduced through the lumen of a 19-gauge EUS-FNA nee-
dle: no major complications and moderate pancreatitis in one case were observed. 
In 2014, Sethi et al. [96] also tested the same device in mediastinal lymph nodes of 
18 pigs: no complications occurred and a mean of 17.6 ± 10.3 % of the respected 
lymph node areas was ablated. Moreover, in 2012 Kim et  al. [97] presented a 
18-gauge monopolar endoscopic RFA probe tested in the body and tail of 10 por-
cine pancreas: administration of 50  W for 5  min produced a mean diameter of 
ablated pancreatic tissue of 23 ± 6.9  mm. In this report, no major complications 
were described. All these animal model studies demonstrated the feasibility and 
safety of EUS-RFA in pancreatic tissue with all the electrodes used; the further step 
was to perform this method in patients with pancreatic neoplasms unfit for surgery.

Disease-specific survival based on timing of RFA
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In 2012, Arcidiacono et  al. [98] reported a prospective study on 22 patients 
affected by locally advanced pancreatic cancer using the abovementioned flexible 
bipolar ablation probe combining RFA and cryogenic cooling with carbon dioxide 
(ERBE®) with an electric active part of 1.8 mm of diameter and 20 mm length.. 
Ablation parameters were 18 W for RF power, cooling pressure of 650 psi, and the 
application time depended on the size of the lesion (mean time 107 ± 86 s). The 
procedure was feasible in 16 out of 22 patients (72.8 %), and unsuccessful place-
ment of the probe inside the tumor occurred in 6 cases and was due to stiffness of 
the gastrointestinal wall and of the tumor due to desmoplastic reaction, tumor infil-
tration, or fibrosis in patients who had already undergone radiation therapy. No 
early severe complications have been reported (mild abdominal pain in three cases, 
one minor duodenal bleeding, and increase in serum amylase in three cases). Four 
patients experienced late complications. In one case, hemobilia and jaundice were 
effectively treated by ERCP and biliary stent. A patient presented with jaundice and 
was successfully treated with ERCP and biliary stent. Another patient presented 
with duodenal stricture 1 month after the procedure, and the last patient developed 
an asymptomatic peripancreatic fluid collection. In conclusion, EUS-guided cryo-
thermal ablation was feasible and safe but not applicable in 6 out of 22 patients, 
probably because the probe was not sharp enough to penetrate in such a stiff tissue 
as many pancreatic masses are.

The monopolar Habib EUS-RFA catheter (Emcision) with RITA 1500X or 
ERBE ICC200 RF generators has been used by Pai et al.[99] to treat eight patients. 
Six of them had mucinous cystic neoplasms of the pancreas and two had pancreatic 
neuroendocrine tumors (PNETs). No adverse events have been reported. Mild 
abdominal pain, resolved within 3 days, was the only adverse event. In two cases a 
complete resolution of the cyst was observed; in the other four, reduction in cyst 
size was obtained. With regard to the two patients with PNETs, a central necrosis 
with a change in vascularity was described after treatment. Despite the positive 
results of this method, the efficacy of RFA of cystic neoplasm and neuroendocrine 
tumors of the pancreas has not previously been demonstrated, differently from pan-
creatic cancer, and then, larger series are needed to propose RFA for the treatment 
of these neoplasms.

The last abovementioned RFA probe is a monopolar 18-gauge RFA electrode 
140 cm long (STARmed®), with a sharp conical 1 cm tip for energy delivery and an 
internal cooling system connected via a pump to an external cold (0 °C) saline solu-
tion source (Fig. 3.14). The VIVA RF generator (STARmed®) has variable wattage 
settings. This system has been tested in two reports. In the first one, Lakhtakia et al. 
(2015) [100] ablated three patients affected by insulinomas who refused surgery or 
were considered unfit for surgery. No post-procedure complications were reported. 
In all the three cases, a rapid relief of insulinoma-related symptoms and a biochemi-
cal improvement were obtained, and the patients remained symptom-free at 11–12-
month follow-up. In the second report by Song et al. (2015) [101], six patients with 
stage III or IV pancreatic cancer were treated. No post-procedure complication was 
described. At short-term follow-up, in only one case, CT scan showed necrosis with 
air bubbles in the tumor without infection or perforation; long-term follow-up was 
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not reported. In our opinion, considering the reported studies, this last device 
resulted the most effective and reliable because of the similarity to a normal FNA 
needle and because no failures in insertion of the probe into the tumor were 
described. We recently started a feasibility and safety study of EUS-RFA using this 
device in five patients with stage III pancreatic adenocarcinoma; the first two cases 
have been performed with no postoperative complications or adverse events. No 
follow-up data are available because the procedures have been done very recently.

The endoscopic approach presents several advantages compared to surgery. 
Firstly, the procedure is less invasive. In fact, the complications related to laparos-
copy or laparotomy can be avoided. Moreover, patients unfit for surgery can be 
safely treated. The insertion of the needle starts through the duodenal or gastric 
wall: a thermic damage of the hollow viscus wall should be avoided. The post-
procedure hospital stay is definitely shorter, and the patients can resume oncological 
treatments earlier. The EUS-RFA is potentially repeatable with a less relevant 
impact than a more invasive approach like surgery. In the near future, endoscopic 
ultrasound may allow tumor local stadiation, cytological diagnosis, and RFA treat-
ment during the same procedure. For all these reasons, this technique appears as a 
very promising approach for the minimally invasive ablative treatment of locally 
advanced pancreatic neoplasms.

�Conclusions
RFA in LAPC is feasible and safe and may be a new option in a multimodal treat-
ment protocol including chemo and radiotherapy. Its application allows wide and 
rapid coagulative necrosis with a single application leading to the destruction of 
a significant part of the tumor. The partial ablation and the increased temperature 
at the periphery of the treated area induce antitumor immunity by increasing 
antigen presentation and enhancing antitumor activity. The immunomodulation 
plays a crucial role in the disease control through a local and systemic response 

a b

Fig. 3.14  (a) The exposed 10 mm tip: sharp, conical, and echogenic. (b) EUS-RFA electrode: 
18-gauge needle covered with sheath, electrode handle, and catheters for cooling system
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caused by the ablation. These mechanisms can explain preliminary, encouraging 
results on survival despite pancreatic cancer is commonly considered a systemic 
disease. Aiming to confirm the retrospective results achieved in our large series, 
a prospective randomized, controlled trial is ongoing. In order to reduce the risks 
related to surgical RFA, a minimally invasive approach should be encouraged, 
and EUS-RFA appears to be the most promising method. As a matter of fact, the 
endoscopic application of RFA comprises several advantages: it allows a highly 
precise placement of the needle, permits the control of gastric and duodenal wall 
during the procedure, is repeatable, can be performed with a short hospital stay, 
and requires a brief discontinuation of oncological treatments.
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4.1	 �Introduction

Minimally invasive treatment of large rectal adenomas and early rectal cancer by 
transanal endoscopic microsurgery (TEM) has become a common procedure during 
the last 30 years [1]. It has been shown how this technique is much more accurate and 
effective than traditional transanal excision in terms of clear margins, non-fragmented 
specimen and recurrence [2]. About 20 % of sessile adenomas of the rectum preop-
eratively assessed as benign are actually malignant. This is evidently more frequent 
among those biopsied as high-grade dysplasia (HGD). Fortunately it has been shown 
that ‘en bloc’ excision of up to T1sm1 cancer is oncologically radical, with a low 
recurrence rate. The Paris classification [3] substages T1 cancers, as originally sug-
gested by Haggitt et al. [4] and Kikuchi et al. [5], to define more accurately the risk 
of recurrence and lymphatic dissemination in pedunculated and sessile lesions, 
respectively [6]. For pedunculated carcinomas, the classification includes four levels 
of invasion; level 4 lesions (which extend beyond the polyp stalk but do not invade 
the muscularis propria) are predictive of negative patient outcome [4]. For sessile 
lesions, Kikuchi et  al. defined the three levels of submucosal invasion, split into 
superficial (sm1), middle (sm2) and deep (sm3) thirds of the submucosa. The fre-
quency of lymph node metastases is proportional to the degree of depth being 2, 8 
and 23 %, respectively [6]. The Paris classification [3], revised in Kyoto in 2008 [7], 
defines every lesion extended no more than 1 mm in the submucosal layer as ‘sm1’. 
According to these results, the risk can be negligible if a neoplasia is limited to the 
mucosa. In addition, the risk is also very low in well-differentiated colorectal adeno-
carcinoma with superficial invasion of the submucosa and no infiltration of lym-
phatic vessels. If a cancer more advanced than T1sm1 stage is found, radical surgery, 
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also named ‘salvage surgery’, consisting of total mesorectal excision (TME), is indi-
cated within 4–8 weeks. The oncological outcomes after salvage surgery, consisting 
of rectal anterior resection (RAR) or abdominoperineal resection (APR) with TME, 
are comparable to those of radical surgery performed as a primary treatment [8, 9]. 
This is supposed to be due to the fact that this two-step procedure respects one of the 
principles of oncologic appropriateness for rectal cancer treatment that is to maintain 
the integrity of the mesorectal fascia. Preoperative staging is critical to assess a cor-
rect indication to local excision. There are many tools available, even if the global 
accuracy is unfortunately still low.

4.1.1	 �Pit Pattern Classification

The idea of observing the surface microstructure of colorectal epithelium dates back 
to the 1970s, with the use of dissecting microscopes on resected specimens. It was 
Nishizawa in the early 1980s [10] who showed that normal colonic mucosa, ade-
noma and adenocarcinoma have their own characteristic surface structures. Already 
in the 1980s, the development of magnifying fibre colonoscopes enabled the micro-
structure of the various colorectal lesions to be seen in vivo [11]. Ten years later, the 
advent of commercially available high-resolution magnifying video colonoscopes 
stressed the study of the microstructures of colonic lesions [12]. Expectations were 
that endoscopic pit pattern classification could determine not only the lateral extent 
but also the depth of a lesion, thus contributing to the indication for local or radical 
excision. Although it is true that a totally disorganised or a nonstructural pattern 
seems to correspond to carcinomas with a submucosal invasion, pit pattern analysis 
failed to become a completely reliable method of pretreatment classification, and it 
is still routinely used only in Eastern countries. In order to improve the accuracy of 
diagnosis in vivo, it has been suggested to use natural or electronic chromoendos-
copy techniques (narrow band imaging (NBI), Fuji intelligent chromoendoscopy 
(FICE)) with or without optical or electronic magnification [13]. If these techniques 
have been used rarely in Western countries so far as they are considered too burden-
some for routine endoscopy, the progressive implementation and simplification of 
electronic chromoendoscopy on the new instruments should lead to a more wide-
spread use of this technique.

4.1.2	 �Endoscopic Ultrasound (EUS)

In a recent review, Marone [14] reported an overall accuracy of 84 % (range 
63 %–96 %) for assessing the tumour penetration depth in the rectal wall. Marusch 
et al. [15] analysed the diagnostic accuracy of rectal EUS in the clinical staging of 
7000 patients with rectal cancer. This allowed the comparison between ultrasono-
graphic T stage (uT) and pathological T stage (pT). The study showed a uT-pT cor-
respondence of 65 %, demonstrating that, in clinical routine, the diagnostic accuracy 
of transrectal ultrasound in staging rectal carcinoma does not attain some very good 
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results reported in the literature. This is also our experience. To define a correct 
indication for local excision, it is mandatory to know whether the observed lesion 
invades the submucosal layer, and if it does, if this goes deeper than 1 mm below the 
lamina propria. This is probably too much to be asked for any in vivo diagnostic 
tool. By reviewing our experience of the last 5 years, to be sure that no technology 
improvement could be responsible for changing the results, we could verify that 
about one fourth of the lesions preoperatively assessed as ultrasonographic T0 
(uT0), i.e. limited to the mucosal layer, were in fact invasive carcinomas.

4.1.3	 �Biopsy

Although in Eastern countries the routine usage of magnification is assumed to 
reduce the requirement for biopsies, Western endoscopists tend to base treatment 
decisions largely on the size and the location of the tumour and on the histology of 
biopsy specimens, considering the Japanese classification too complex for practical 
use. Nevertheless, the routine use of biopsy has certain limitations due to superfici-
ality and sampling errors [16]. It has been shown, however, that by applying the 
revised Vienna classification to biopsy specimens, the risk of finding an invasive 
carcinoma in the resected lesion can be effectively assessed [17]. Our experience of 
the last 5 years allows us to define that almost half of those neoplasms that resulted 
at definitive histology of the specimen invasive cancers had a preoperative biopsy 
histology of dysplasia, in about 7 % of cases judged as low grade, so that no grade 
of dysplasia detected at biopsy could be considered an assurance of not having to 
deal with an invasive cancer in the end.

4.1.4	 �Lifting Sign

A highly accurate endoscopic sign to evaluate a possible invasion of cancer that 
affects the radical resection is the no-lifting sign after injection of saline into the 
submucosa below the polyp. When the lesion does not lift completely it is likely to 
have already passed the submucosa, preventing complete endoscopic excision of the 
lesion. Although not ideal, due to the limits of other criteria to assess correct indica-
tion for local excision, as exposed above, the lifting sign still remains, at least in 
Western countries, a routine procedure. As not all the neoplasms that infiltrate the 
submucosal layer are good indications for local excision, and the risk of deep mar-
gin infiltration of the specimen increases, the lifting of the neoplasm does not assure 
that the endoscopic local excision would be considered curative [18, 19].

4.1.5	 �Digital Examination

At least in the low- and mid-rectum, digital examination can easily replace the need 
to inject lifting agents into the submucosa to exclude infiltration of the muscular 
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layer. With similar accuracy, this easy manoeuvre also allows to detect the consis-
tency of the lesion, the distance from the anal verge and the location along the cir-
cumference which might help during the dissection manoeuvre, both by endoscopic 
and by transanal surgery [20–22]

4.2	 �Technique

TEM is a well-standardised and reproducible operation; herewith a description of 
the technique is performed at our institution [23].

All patients are asked to commence a low-fibre diet the week before TEM, and a 
rectal enema is performed 12 and 2 h preoperatively. Intravenous antibiotics, such 
as a second-generation cephalosporin and metronidazole, are administered before 
insertion of the proctoscope and continued for 24 h at 12-h intervals. Deep venous 
thrombosis prophylaxis is not administered.

4.2.1	 �Equipment

Nowadays there are two platforms available for transanal local excision: the original 
Richard Wolf (Knittlingen, Germany) TEM equipment and the transanal endoscopic 
operation (TEO) instrumentation by Karl Storz GmbH (Tuttlingen, Germany). The 
original Wolf equipment has many technical advantages like stereoscopic vision and 
peristaltic CO2 inflating pump stabilising pneumorectum and evacuating surgical 
smoke from the rectum (Fig. 4.1). The main advantage of the TEO instrumentation is 
its cost effectiveness, as it can be connected to a standard laparoscopic tower. Due to its 
better practicability, we actually use the TEO system since 2008. TEO instrumentation 
includes a 7- or 15-cm rectal tube which is 4 cm in diameter and has three working 
channels (12, 5 and 5 mm) for dedicated or conventional laparoscopic instruments, plus 
a 5-mm channel dedicated to a 30° 2D optic (Fig. 4.2). The proctoscope is connected 
to the operating table via a holding arm consisting of three joints and a single screw 
(Fig. 4.3). The system is used in combination with standard laparoscopic units. Camera 
imaging is projected on-screen, and insufflation is obtained by a conventional CO2 
thermo-insufflator, which is connected to the proctoscope via a Luer Lock connector. 
The shape of the tip of the proctoscope allows manipulation and suturing of the rectal 
wall on a 360° surface. Therefore, most patients are kept in a supine position, thereby 
reducing the need for time-consuming patient repositioning on the operating table.

4.2.2	 �Positioning of the Patient on the Operating Table

The TEM procedure is traditionally performed under general anaesthesia, although 
since about 2 years we adopted spinal anaesthesia as a standard with no exclusion 
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criteria [24]. The patient is placed either prone or supine in order to keep the lesion 
as close to the 6-o’clock position as possible, even with lateral lesions. Different 
from the technique originally conceived by Buess, we avoid placing the patient in 
the lateral decubitus position, as this is extremely difficult and the benefit is mini-
mal. Patients with lateral lesions are usually placed in the supine position, unless the 
lesion is predominantly located in the right or left upper quadrant (i.e. 12- to 
3-o’clock position or 9- to 12-o’clock position). With circumferential lesions, the 
patient is always positioned prone due to the higher risk of entering the peritoneal 
cavity and the consequent need to reduce the descent of small bowel loops into the 
surgical field while repairing the opening itself.

Fig. 4.1  The original transanal endoscopic microsurgery (TEM) instrumentation (R. Wolf)

Fig. 4.2  Transanal endoscopic operation (TEO®) instrumentation (K. Storz)
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4.2.3	 �Surgical Technique

4.2.3.1	 �Step 1: Dissection
After insertion of the proctoscope, the lesion is identified, and the proctoscope is fixed 
in the correct position. However, the position is adjusted throughout the procedure in 
order to ensure optimal visualisation and access to the margins of the lesion. High-
flow carbon dioxide (CO2) insufflation is required, and endoluminal pressure is gen-
erally maintained at 8 mmHg, although it might need to be increased up to 16 mmHg. 
Dissection is usually started at the right lower border of the tumour (Fig. 4.4a). A 
macroscopic margin of at least 5 mm from the neoplasm needs to be obtained with 
both benign and malignant lesions. Tumour excision is performed by monopolar hook 
cautery. In difficult cases, especially if a partial mesorectal excision is recommended 
for malignancy, ultrasonic shears such as Ultracision ACETM (Johnson & Johnson 
Medical, Cincinnati, OH) or an electrothermal radio frequency and bipolar vessel 
sealing system such as LigaSureTM (Covidien, Tyco, Medtronic, Minneapolis, MN) 
may be helpful. Dissection is continued circumferentially around the lesion to the 
perirectal fat (Fig. 4.4b, c). Due to the uncertainty of the preoperative diagnosis and 

Fig. 4.3  TEO® instrumentation setting: a rigid proctoscope; b operative channel; c camera; d 
Martin arm secured to the operating bed; e insufflation cable (CO2); f monopolar hook; g grasping 
forceps
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staging, a full-thickness resection with adequate margins of clearance should always 
be performed. The specimen is retrieved transanally and pinned on a corkboard before 
fixation in 10 % buffered formalin in order to preserve the margins of the normal 
mucosa surrounding the tumour. The specimen is analysed by permanent section.

4.2.3.2	 �Step 2: Wall Defect Suturing
After the parietal defect is disinfected with iodopovidone solution, the rectal wall is 
always closed with one or more Maxon 3-0 (Covidien, Tyco, Medtronic, Minneapolis, 
MN) running sutures secured with dedicated silver clips (Richard Wolf, Knittlingen, 
Germany). These clips serve to anchor the suture in place, since knotting during 
TEM is challenging. As an alternative, a barbed suture V-Loc™ (Covidien, Tyco, 
Medtronic, Minneapolis, MN) may also be used, avoiding the need of clips or knot-
ting. If the peritoneum was opened, the defect might be closed as a single layer being 
careful to include the serosal layer in the stitches or as a two-layer running suture.

At this stage, the endoluminal pressure may be reduced to allow better compli-
ance of the rectal wall. Suturing is performed with particular attention to the integrity 
of the rectal lumen. Therefore, when suturing large defects, a midline stitch to 
approximate proximal and distal margins is placed (Fig. 4.5). At the end of the pro-
cedure, patency of the rectum is carefully verified through the TEM proctoscope.

a b

c

Fig. 4.4  Full-thickness dissection of a rectal lesion. (a) Mucosal dotting around the lesion to mark 
the area to excise; (b) mucosal incision; (c) full-thickness excision
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4.2.4	 �Postoperative Management

Patients are mobilised the same day as surgery. The urinary catheter placed at the 
time of surgery is removed 24 h after surgery (48 h if the anterior wall was involved). 
Postoperative analgesia is ensured by intravenous paracetamol for 24 h. Oral intake 
is allowed the day after flatus is reported.

4.3	 �TEM Versus ESD

With the advent of endoscopic submucosal dissection (ESD) about 15 years ago, 
flexible endoscopy permitted a surgical-like technique for en bloc resection of 
superficial lesions of the digestive tract. First indicated for the upper gastrointestinal 
tract [25], ESD then was applied to the lower gastrointestinal tract with promising 
results [26]. Although ESD represents an alternative to endoscopic mucosal resec-
tion (EMR) of the colon, its application to the rectum can be compared with TEM, 
aiming to achieve en bloc R0 excision. A meta-analysis [27] including 11 ESD and 
10 TEM series (2,077 patients in total) showed that the en bloc resection rate was 
87.8 % (95 % confidence interval [CI] 84.3–90.6) for the ESD patients versus 98.7 % 

a b

c d

Fig. 4.5  Rectal wall suture. (a) Perirectal fat after the excision; (b) beginning of the suture; (c) 
silver clip positioning to secure the running suture; (d) final aspect
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(95 % CI 97.4–99.3 %) for the TEM patients (P < 0.001). The R0 resection rate was 
74.6 % (95 % CI 70.4–78.4 %) for the ESD patients versus 88.5 % (95 % CI 85.9–
90.6 %) for the TEM patients (P < 0.001). The postoperative complications rate was 
8.0 % (95 %, CI 5.4–11.8 %) for the ESD patients versus 8.4 % (95 % CI 5.2–13.4 %) 
for the TEM patients (P = 0.874). The recurrence rate was 2.6 % (95 % CI 1.3–5.2 %) 
for the ESD patients versus 5.2 % (95 % CI 4.0–6.9 %) for the TEM patients 
(P = 0.068). Nevertheless, the rate for the overall need of further abdominal treat-
ment, defined as any type of surgery performed through an abdominal access, 
including both complications and pathology indications, was 8.4 % (95 % CI 4.9–
13.9 %) for the ESD patients versus 1.8 % (95 % CI 0.8–3.7 %) for the TEM patients 
(P < 0.001). Despite the retrospective nature of the studies included, TEM seems to 
be able to warrant better oncologic results compared to ESD, with similar complica-
tion rate. The major advantage advocated by flexible endoscopists is the avoidance 
of general anaesthesia for ESD technique. We recently collected data of a series of 
50 patients who underwent TEM under spinal anaesthesia showing promising 
results [24]. No intraoperative complications occurred, and operative time was com-
parable to the procedure performed under general anaesthesia. The need of opioids 
in the operating room and in the postoperative time was very low, and median post-
operative pain assessed by VAS was 0 (range, 0–3) at 4 h, 0 (range, 0–2) at 8 h, 0 
(range, 0–2) at 24 h and 0 (range, 0–1) at 48 h. TEM is safe and feasible under spinal 
anaesthesia and in selected cases will probably become a 1-day surgery procedure. 
It should be kept in mind that ESD is a long-lasting procedure (many hours) requir-
ing long-lasting sedation and is probably less comfortable for the patient than a 
spinal anaesthesia. Moreover, due to the low accuracy of the preoperative staging, a 
full-thickness R0 resection is advisable, and TEM is probably nowadays the best 
technique to reach this goal in the rectum.

4.4	 �TAMIS

Transanal minimally invasive surgery (TAMIS) was introduced as an alternative 
to TEM in 2010. TAMIS is defined as the use of any multichannel port (single 
port) transanally, combined with the use of ordinary laparoscopic instruments, a 
laparoscopic camera lens and a standard laparoscopic CO2 insufflator for the pur-
pose of performing endoluminal or, more recently, extraluminal surgery (Fig. 4.6). 
A systematic review summarised the existing literature on TAMIS [28]. Since the 
inception of TAMIS in 2009, 33 retrospective studies and case reports and 3 
abstracts have been published, including 390 TAMIS procedures for local exci-
sion of rectal neoplasms from 16 countries. The average size of the lesions 
resected was 3.1 cm, and the mean distance to the anal verge was 7.6 cm. Overall 
margin positivity rate was 4.36 % and mean operative time was 76 min. Only 9 out 
of 390 excisions (2.31 %) could not be completed with TAMIS and required con-
version to TEM or a laparoscopic abdominal approach. The average length of stay 
was 2 days; the overall complication rate was 7.4 %. A full-thickness excision was 
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performed only in 60.6 % of the publications reviewed; inadvertent peritoneal 
entry during TAMIS was reported on four cases (1.025 %); in two cases the clo-
sure was done transanally. Peritoneal entry during TEM can usually be managed 
transanally with full-thickness suture closure by experienced operators. A recent 
publication of a high-experienced group [29] strongly underlines how, in rectal 
lesions located in the upper rectum, TAMIS was associated with a high risk of 
complicated peritoneal entry requiring conversion to a rigid platform. Peritoneal 
entry occurred more frequently during TAMIS (66.7 %) and resulted in critical 
loss of pneumorectum and collapse of the rectum precluding adequate suture clo-
sure. All cases were salvaged by replacing the TAMIS platform with the 12.5-cm-
long rigid TEO platform, effectively stenting the rectum open up to the level of 
the rectal defect, which permitted adequate suture closure of the defect. There is 
another important limitation of this platform, due to the shape of the single port. 
With rigid platforms (TEO or TEM), low rectal lesions close to the dentate line 
can be excised with high precision and stability of the device. The single port used 
in TAMIS procedure must be placed inside the anal canal, with the proximal edge 
of the device overcoming the anal sphincter, this way making impossible the 
access to the lower 5–6 cm of the rectum. Considering both technical limitations, 
it can be argued that TAMIS is probably a useful and safe technique only for 
middle rectal lesions, not being able to get access to the lower rectum and not 
being able to maintain a stable operating field if a peritoneal opening occurs in 
excising upper rectal lesions (Figs. 4.4 and 4.5).

Furthermore there are many concerns regarding the efficacy of this platform in 
the most challenging phase of a transanal operation: the suture of the rectal wall. In 
2013 we published a pilot study assessing the feasibility and efficacy of TAMIS in 
an ex vivo model compared to TEM [30]. In a dedicated trainer box for transanal 
procedures, ten surgeons with no experience in transanal surgery were asked to 
perform a dissection/suture task using both TAMIS and TEM in randomly allocated 

Fig. 4.6  Transanal minimally invasive surgery device (GelPOINT)
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order. Dissection and suturing were significantly quicker in the TEM group. In three 
cases in the TAMIS group, completing the suture was not considered possible, and 
the procedures were terminated by TEM. Subjective evaluation revealed a better 
appreciation of TEM in all proposed comparisons: dissection, suturing difficulty, 
quality of vision and instrument conflicts, concluding that both techniques were 
comparable for achieving a good dissection, although TAMIS failed to prove effec-
tive in suturing the rectal wall.

To overcome this limitation, some authors proposed a robotic TAMIS with the da 
Vinci system. Hompes et al. [31] showed how robotic TAMIS can be performed 
using a glove port in a series of 16 patients. Atallah et al. [32] reported a series of 
18 robotic TAMIS procedures including complex fistula repair and transanal total 
mesorectal excision, showing the feasibility of this complex operation. Further 
research with robotic transanal approaches is necessary to determine whether or not 
this approach can provide patients’ significant benefit.

Last but not least is a consideration about costs. Mark Whiteford, Director of 
the Colon and Rectal Surgery Unit at the Oregon Clinic, presented during the 
European Colorectal Congress in 2014 a cost analysis comparing TEM and 
TAMIS. With a case load of 30 procedures per year, TAMIS is much more expen-
sive (about 11,400–38,000 € per procedure) compared to TEM (about 3600–6600 
€ per procedure).

Nowadays we can state that local resections performed with TAMIS platform are 
feasible, but the device has many limitations and is not cost-effective compared to 
TEM. Randomised controlled trials are needed to really define the real usefulness of 
TAMIS.

4.5	 �Extended Indications

Low accuracy of preoperative staging is the biggest issue in properly selecting 
patients suitable for TEM. T1 tumours invading the rectal wall more than 1 mm in 
the submucosa (T1 sm2-3) and T2 tumours have a risk of lymph node involvement 
up to 25 %, which imposes a further TME. TME after full-thickness TEM is a chal-
lenging operation, with a significantly higher risk of APR compared to primary 
TME [33]. After a full-thickness TEM, the primary tumour is completely excised, 
and the patient has a probability of 75 % or more to have been cured by the transanal 
procedure alone. So it would be advisable to find a way to warrant the complete 
‘sterilisation’ of the mesorectum, in order to kill metastatic lymph nodes and 
improve the oncologic outcome of local excisions.

The idea to extend the indication of TEM to T2 tumours by means of a combined 
neoadjuvant chemoradiotherapy was clearly shown to be effective by Lezoche et al. 
[34]. In this randomised controlled trial, patients underwent neoadjuvant long-
course chemoradiation therapy: 50.4 Gy in 28 fractions associated with a continu-
ous infusion of 5-fluorouracil, 200 mg/m2/day. Although this schedule showed great 
efficacy in terms of control of the disease, it is quite uncomfortable for patients, who 
often are elderly. Moreover, there are concerns regarding the wound healing process 
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after neoadjuvant long-course chemoradiation therapy [35]. We conducted a pilot 
study to assess short-term outcomes of short-course radiotherapy (25 grays in 5 
fractions) followed by TEM after 4–10 weeks for selected T1-T2 N0 extraperitoneal 
rectal cancers [36]. Unfortunately we had to stop the study after 14 cases for unex-
pected extremely disappointing results. Although no intraoperative complications 
occurred, rectal suture dehiscence was observed in seven patients (50 %) at 4 weeks 
follow-up, associated with an enterocutaneous fistula in the sacral area in two cases. 
With a median follow-up of 10 months (range: 6–26 months), we observed 1 (7 %) 
local recurrence at 6 months that was treated with abdominoperineal resection. We 
concluded that neoadjuvant short-course radiotherapy followed by TEM is bur-
dened by a high rate of painful dehiscence of the suture line and enterocutaneous 
fistula and should be abandoned.

4.6	 �Future Perspectives

The possibility to extend the indications of TEM depends on the capability to assess 
lymph node status, either preoperatively or intraoperatively. We tried to detect posi-
tive lymph nodes applying the concept of sentinel lymph node (SLN) biopsy to 
suspected invasive rectal cancers treated by TEM [37]. Before the beginning of the 
intervention, indocyanine green solution (ICG) was injected submucosally under-
neath the lesion, at the four cardinal points. Once the primary neoplasm was excised 
and the perirectal fat widely exposed from the inside, a dedicated 10-mm near-
infrared (NIR) optic was inserted into one of the working channels, and its illumina-
tion switched to fluorescence-guided image. NIR fluorescence emitting ICG 
previously injected designed a map of mesorectal lymphatic vessels and nodes, 
which were excised and sent to the pathologist for final examination. In all cases, 
the pathologist confirmed the presence of lymph nodes in the excised tissue and no 
case showed metastasis. This is only a preliminary report and the technique has to 
be validated. What makes this technique very interesting is the submucosal injec-
tion of the dye and the dissection of the mesorectal fat through the rectal wall. This  
warrants to maintain the integrity of the mesorectal fascia, allowing further TME if 
necessary and not jeopardising the oncologic outcome.

Rectal-sparing surgery represents the paradigm of real minimally invasive sur-
gery. Tarantino et al. developed a new technique called endoscopic posterior meso-
rectal resection (EPMR) [38]. After local excision and histological confirmation of 
a T1 rectal cancer, distant metastases were excluded by means of abdomino-pelvic 
computed tomography and chest radiography. The specimens removed by TEM 
were analysed histologically for radical resection and for risk criteria, and then a 
rectum-preserving EPMR was performed 4–6 weeks after. With the patient in a 
prone jackknife position, the retrorectal space was dilated with a distension balloon 
system through a perineal incision. Using a three-port access, the posterior part of 
the mesorectum was dissected from the posterior wall of the rectum. Resected tissue 
was examined histologically with regard to the number of lymph nodes and exis-
tence of lymph node metastases. Even if this technique does not allow a complete 
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mesorectal excision, it removes the posterior and lateral fat of the mesorectum, 
where the majority of lymphatic tissue is located. Authors included in this publica-
tion only T1 cancer showing good results in terms of oncological outcome: no 
recurrences even if only 2 out of 25 patients were node positive. The technique is 
extremely promising, but further evaluation is mandatory.

A new technique combining both abdominal and transanal approaches to per-
form a precise TME in low rectal cancers has been recently developed. In transanal 
total mesorectal excision (TaTME), the rectum is mobilised transanally in a retro-
grade fashion by means of TEM or TAMIS platforms. A recent meta-analysis [39] 
including 36 retrospective studies concluded that TaTME is a safe and reproducible 
technique with excellent results in terms of negative circumferential margin rate 
(95 %) and negative distal margin rate (99.7 %). For very low tumours located in a 
narrow pelvis, this technique represents an innovative solution to get a good quality 
specimen and reduce local recurrences. Further studies are needed to strongly vali-
date the technique and to show a real clinical benefit.

�Conclusion

Transanal endoscopic microsurgery represented a revolution in rectal surgery, 
which opened new unexplored horizons overcoming the purpose the technique 
was thought for. Rectal-sparing surgery should be the goal in treating early rectal 
cancer, but only if capable to warrant a radical and curative resection. In order to 
do this, patients’ selection has to be improved and innovative multidisciplinary 
therapies have to be implemented. While some T1 rectal cancers benefit of a 
TME, a consistent number of T2 rectal cancers, as high as 75 %, can be safely 
cured by a simple local excision alone. A consistent improvement in rectal can-
cer staging will therefore allow a real tailored therapy, contributing to a signifi-
cant reduction of invasiveness of the treatment.
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5Unusual Applications of Metal Stents 
in Gastrointestinal Tract

Angelo Caruso and Andrea Parodi

5.1	 �Introduction

Much progress has been made since Coyas deployed the first esophageal stent in a 
patient with a malignant esophageal stricture in 1955 [1]. Over time, many steps 
have been taken in the search for the most suitable material for gastrointestinal 
endoprosthesis: the first stents were rigid, made of materials such as rubber, ivory, 
sandalwood, and polyvinyl. In most cases they were “homemade.”

Self-expandable metallic stents (SEMS) have been the main turning point, ensuring 
a widespread of these devices in the gastroenterological field, initially for the treatment 
of malignant esophageal strictures, subsequently of colon cancer obstruction and then 
in a wide variety of clinical scenarios.

SEMS consist of a mesh of braided metal wires that are assembled in a tubelike 
structure. They are available in different lengths and calibers, and they can be with 
or without coating. Physical properties of materials, texture, and shape determine 
the radial and longitudinal force exerted by SEMS when released. Therefore, the 
technical characteristics of stents must be known in order to use the most appropri-
ate device in the various clinical situations.

The first alloy used in the construction of SEMS was stainless steel, with differ-
ent percentages of iron, chromium, and molybdenum; the latter helps to stabilize the 
crystal structure and to determine the physical characteristics. The final process of 
electropolishing removes most of the elements from the metal surface leaving a 
high concentration of chromium; after exposure to air and sterilization, a layer of a 
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few nanometers in thickness stabilizes the surface and prevents oxidation. Surface 
defects and trace elements can cause changes in protein and affect cellular reac-
tions. Other materials used in the construction of stents are titanium and nitinol 
(nickel-titanium alloy). Titanium is a metallic element well known for its resistance 
to corrosion (almost as much as platinum) and for its high strength/weight ratio. It 
is lightweight and tough, with a low density (40 % of that of steel). When it is in the 
pure state, it is quite ductile, shiny, white metal. Titanium is as strong as steel but 
45 % lighter. Titanium is also used as an alloy. Nitinol is instead a superelastic alloy 
composed of nickel-titanium, which belongs to the category of “shape memory” 
metals (Shape Memory Alloys, SMA). In particular, the term shape memory alloys 
indicates a broad class of metal alloys, discovered fairly recently, which are able to 
recover a macroscopic preset form, thanks to the simple change of temperature. 
When an SMA is below its transformation temperature, it can be deformed quite 
easily; however, if we heat the material above the transformation temperature, it 
takes over a change in the crystal structure which causes the return to the original 
form and develops considerable force. Moreover, they have other characteristics, 
such as the superelastic behavior, which has multiplied the possibilities of use and 
the ability to generate high forces in the recovery phase of the shape. Greater flexi-
bility and more accurate positioning in angled segments are favored by the introduc-
tion of a heart of platinum within the nitinol wire: this material is called platinol. 
Another alloy called elgiloy used in the manufacture of SEMS is constituted by 
cobalt-chromium-nickel which gives a combination of high strength, ductility, with 
good mechanical properties.

The presence of coating is of great interest and determines the possibility of 
application of SEMS in particular clinical situations: in fact, uncovered SEMS have 
a greater gripping at the level of the visceral wall, but they cannot generally be 
removed and over time are likely to experience neoplastic or granulation tissue 
ingrowth within the stent meshes, with subsequent obstruction. On the other hand, 
fully covered SEMS are at increased risk of migration, given the reduced gripping, 
but can be removed and are less likely to encounter ingrowth. Moreover, they can be 
useful in the presence of visceral wall perforation or fistula. Partially covered SEMS 
are also available: they have a complete coating at the level of the body and bare 
ends. This type of SEMS has theoretically a lower risk of migration compared to 
completely coated ones and allows to exploit the cover at the level of the body, for 
example, to treat a defect in the gastrointestinal wall.

Currently the most widely used coating materials are polyethylene terephthalate 
(PET), polytetrafluoroethylene (PTFE), and polyurethane (PU, used only in few 
cases). PET is a polymer composed of long chains of glycol and terephthalic acid: 
its good expansion force derives from high dissociation energy of covalent bonds of 
the polymer chains. It has a high surface energy and a weaving disposed in the lon-
gitudinal or transversal space which gives elasticity. PTFE is composed of carbon 
chains saturated with fluorine: the final structure is somewhat rigid and chemically 
stable. This explains some of the characteristics of this polymer, such as the low 
coefficient of friction, the high melting point, and the low surface energy. These 
physical properties are correlated with some biological behaviors, such as small 
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tissue reaction. PU, unlike PET and PTFE, can be rigid or soft according to its com-
position. Compared to the past, polyurethanes have been abandoned by their low 
biodegradability; current ones have a higher biodegradability. The key features are 
the porosity of the material, the expansion about six times the diameter in closing, 
and the high surface energy.

SEMS also differ in the delivery system: currently available stents are mounted 
on systems that can be introduced into the working channel of the endoscope 
(through-the-scope, TTS) or on larger diameter catheters that go directly on guide-
wire (over-the-wire, OTW) and which cannot be introduced into the working chan-
nel of the endoscope. Both devices are constituted by a system of coaxial tubes in 
which the stent is loaded around a catheter that carries the guidewire, forced inside 
a shorter carrier catheter. Once this is retracted, SEMS is released from the distal 
end. Some systems allow instead of releasing the stent starting from the proximal 
flare. Another delivery system consists of a catheter on which the stent is maintained 
fixed with a braided suture. The prosthesis is gradually released by pulling a ring 
connected to the wire that allows to unravel the suture (Ultraflex esophageal or 
colonic stents, Boston Scientific, Natick, Massachusetts). Therefore, also the char-
acteristics of delivery systems must be carefully considered in relation to the seat 
and to the characteristics of the target lesion.

Currently, SEMS with particular technical characteristics are available on the 
market, such as anti-reflux valves and anti-migration systems. Such devices may be 
used to make a more tailored endoscopic therapeutic approach to the patient.

Finally we must remember that nonmetallic stents are also available: biodegrad-
able stents (ELLA-CS, Trebes, Czech Republic) and self-expanding plastic stents 
(SEPS, Polyflex, Boston Scientific, Natick, Massachusetts). These latter have found 
wide application in the treatment of benign esophageal strictures as an alternative to 
SEMS.

Enteral SEMS are a nonsurgical alternative for the palliative treatment of malig-
nant esophageal and colonic strictures. In this chapter, we will discuss the role of 
SEMS in some particular clinical situations in the upper and lower digestive tract, 
taking into account also benign disorders, gastrointestinal perforations, and anasto-
motic leakages after surgery.

5.2	 �Unusual Application of Stents in Upper GI Tract

5.2.1	 �Upper Malignant Esophageal Strictures

The tumors of the cervical esophagus account for approximately 10 % of esopha-
geal cancers, and they are commonly considered difficult to manage. The use of 
SEMS in the palliation of dysphagia in inoperable patients is particularly controver-
sial because frequently stents may evoke an unbearable foreign body sensation in 
the pharynx. In addition, more rarely, they can cause dangerous complications such 
as aspiration of the bolus in the larynx, perforation or esophagotracheal fistula, or 
proximal migration with airway obstruction.
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In 1999 Conio et al. described the use of SEMS in the palliation of dysphagia in 
six patients with squamocellular upper esophageal cancer. Stents were deployed 
within 2  cm of the cricopharyngeal muscle, under simultaneous endoscopic and 
fluoroscopic control. Dysphagia improved significantly in all patients. Four patients 
had tumor ingrowth, and three of them were successfully treated by placing a sec-
ond SEMS.  No patient complained of globus sensation [2]. Macdondald et  al. 
reported 22 patients with malignant strictures of cervical esophagus treated with 
SEMS, which was correctly placed in 93 % of cases, among them 82 % reported no 
foreign body sensation [3]. Other authors reported similar results [4, 5]. A more 
recent study by Parker et al. compared a large group of patients with cervical esoph-
ageal cancer and a matched control group of patients with distal esophageal cancer. 
They found no differences in terms of clinical success, survival rate, and complica-
tion rate between the two groups [6]. Also in a large study by Verschuur et al., 104 
patients with primary esophageal carcinoma or recurrent cancer after gastric tube 
interposition within 8 cm distance distal of the UES were treated with SEMS [7]. 
Twenty-four (23 %) patients also had a tracheoesophageal fistula. Technical success 
was 96 %, with significant improvement of dysphagia in all treated patients and 
fistula sealing was achieved in 79 % of cases. However, major complications (aspi-
ration pneumonia, hemorrhage, fistula, and perforation) occurred in 21 % of patients. 
Persistent globus sensation was reported by 8 % of patients; however, none of them 
required stent retrieval [7]. In conclusion, while lacking large prospective random-
ized trials, the use of SEMS in the treatment of stenosis of the cervical esophagus is 
considered to be useful and safe in expert hands.

Though the use of large-diameter SEMS in the treatment of cervical esophageal 
strictures [8] has been described, we recommend the use of small caliber stents, 
possibly with a small proximal flare. Several SEMS were designed with specific 
features for this purpose [9]. The body of the stent should not exceed 16 mm in size. 
Smaller sizes are recommended in patients who have undergone radiation therapy, 
due to an increased risk of esophagotracheal fistula. Furthermore, the stent should 
be completely covered, in order to easily remove, in the event the patient develops 
a feeling of foreign body.

5.2.2	 �Benign Esophageal Strictures

Although the use of SEMS in the treatment of malignant esophageal strictures is 
considered effective, their use in benign refractory stenosis has number of issues. 
Benign strictures can be caused by gastroesophageal reflux disease, caustic inges-
tion, radiation therapy, and sclerotherapy, or they can occur on surgical anastomo-
sis. If despite repeated sessions of dilation with bougies or balloon, dysphagia 
persists; SEMS become a therapeutic option. Since this is a benign disease, the 
stent used should be removable after obtaining the degree of expansion desired, so 
the choice should fall on covered or partially covered SEMS [10, 11]. Partially 
covered SEMS guarantee better gripping to the esophageal wall and have a lower 
risk of distal migration. However, studies available in the literature demonstrate a 
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high rate of complications with this type of stent. In particular, the most feared 
complication is the appearance of ingrowth of granulation tissue at the level of bare 
heads of the endoprosthesis [12]. In these cases, it is possible to place a fully cov-
ered SEMS inside the previous one: in this way it is possible to remove both stents 
after 10–14 days, because the pressure exerted by the coated stent determines 
necrosis of the granulation tissue [13]. As previously indicated, also self-expand-
ing plastic stents/biodegradable stents have been widely indicated for the treatment 
in refractory benign esophageal strictures [14]. In a recent pooled analysis of 232 
patients with refractory benign esophageal strictures treated with self-expandable 
stent placement, technical and clinical success resulted to be quite disappointing. 
Fully covered SEMS were correctly deployed in 85 % of patients, but only 14.1 % 
experienced a significant clinical improvement of dysphagia [15]. Also with biode-
gradable stents and self-expanding plastic stents, authors reported poor rate of 
technical and clinical success (67 %, 25 % and 77 %, 12 %, respectively) [15]. In 
the same study, the overall rate of severe complications was 17.7 %. Among 85 
subjects treated with SEMS, five patients had severe retrosternal pain, two severe 
nausea and vomiting, two aspiration pneumonia, and one arrhythmia [15]. SEMS 
migration occurred in 31.8 % of patients treated with fully covered stents, while 
tissue ingrowth occurred only in 3.5 % of patients. Stent removal was planned after 
4–12 weeks and was successfully achieved in 97.6 % of cases [15]. In the light of 
these data, we believe the treatment of benign stenosis with covered or partially 
covered SEMS should be considered only in those patients who are refractory to 
dilation and who are unfit for surgery (Fig. 5.1).

Fig. 5.1  Panorama of esophageal stent. From the left to the right: Partially covered stent 
(Ultraflex), Polyflex stent, Partially covered stent (Evolution), Fully covered stent (SX-Ella), fully 
covered stent (Niti-S antimigration), fully covered stent (Alimaxx-E stent) 
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5.2.3	 �Benign Esophageal Leakages or Fistula

Benign esophageal leakages or fistula are frequently encountered and require 
urgent intervention to the high risk of sepsis and the high mortality rate. 
Anastomotic leakage may occur in up to 10 % of patients undergoing esophageal 
resection. Also iatrogenic perforation or Boerhaave syndrome have been success-
fully treated with SEMS. As shown in Fig. 5.2, the placement of covered or par-
tially covered SEMS constitutes an indication to treat an esophageal fistula 
resulting in a valid alternative to surgery, favoring the healing of the defect in the 
esophageal wall, the control of sepsis, and a more rapid intake of an oral diet. A 
recent meta-analysis of Dasari et al. reported data on 117 patients from 12 studies 
[16]. Technical and clinical successes were 96.5 % and 86.2 %, respectively. Stent 
migration occurred in 11 % of treated patients. However, five patients had a perfo-
ration induced by stent, two of them due to erosion of the wall of the aorta [16]. 
Endoscopic reintervention and surgical intervention were needed in 5 % and 15 % 
of cases, respectively [16]. In the same meta-analysis, the authors also considered 
patients treated with SEPS: the data show that they have a higher incidence of 
migration and need more frequent endoscopic reoperation, while the need for a 
surgical intervention does not seem to significantly differ from that of SEMS [16]. 
The use of SEMS in the treatment of a defect in the esophageal wall must be 
always taken into account: the choice of the stent must take account of the greater 
risk of migration in the absence of stenosis. We believe the choice should fall on 
large-diameter partially covered SEMS. The removal must be programmed within 
4–6 weeks, in order to minimize the risk of ingrowth. Also in this scenario, the 
stent-in-stent technique should be considered in case of embedment [13]. It is also 

Benign rupture/leak
Treatment algorithm

Sealant Endoclip Stent Surgery

Small (<2 cm)
(<25 % of circumference)

Intermediate (>2 cm)
(>25 % and <50–70 %)

Large
(>50–70 %)

Stricture
(+)Stricture (-)

<1 cm ≥1 cm
??

Fig. 5.2  Diagram indications to apply stents in esophageal fistula or rupture (Esophageal perfora-
tion In: Tham T, Collins J and Soetikno R, eds. Gastrointestinal Emergencies Oxford: Blackwell 
Publishing Ltd 2008)
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necessary to remember that any periesophageal collection must be drained, and 
the patient must always be treated with broad-spectrum antibiotics.

5.2.4	 �Variceal Bleeding

Active bleeding from esophageal varices is considered a major cause of mortality in 
patients with decompensated liver cirrhosis. Treatment is currently based on vaso-
active drugs, band ligation or sclerosis, and antibiotic therapy; however, they can 
fail in 10–15 % of patients. Tamponade balloon or the positioning of TIPSS may be 
proposed in these cases, however in clinical practice, TIPSS is not readily available 
quickly. Over the past 10 years, many cases of patients with refractory variceal 
bleeding treated with SEMS with excellent results have been described in literature, 
so that the 2015 Baveno Workshop on portal hypertension has proposed the place-
ment of SEMS as a possible therapeutic option, awaiting further confirmations from 
clinical trials [17]. A review by Changela et  al. showed data about 103 cases of 
patients treated with fully covered SEMS: Technical success rate was 97 %, with a 
bleeding control achieved in 96 % of treated patients. All SEMS were successfully 
removed after 4–14 days. Stent migration occurred in about 21 % of patients [18]. A 
more recent systematic review with meta-analysis took into account data on 13 
studies [19]. The pooled estimate rates were 0.12 (95 % CI = 0.07–0.21) for variceal 
bleeding mortality and 0.18 (95 % CI = 0.11–0.29) for failure to control bleeding 
with SEMS [19]. The available data suggest that a proportion of less than 40 % of 
patients with refractory variceal bleeding dies 1 month after placement of 
SEMS. Therefore SEMS could be considered as a bridge therapy in selected patients 
undergoing other interventions such as TIPSS or liver transplantation. The choice 
must fall on a completely covered and large-diameter stent. The removal must be 
scheduled within 2 weeks, making it easier to prevent the removal of the device, 
reducing the risk of injury and variceal rebleeding.

5.2.5	 �Esophageal Achalasia

Therapeutic interventions for endoscopic esophageal achalasia include pneumatic 
dilation, intrasphincteric injection of botulinum toxin, and most recently the peroral 
endoscopic myotomy (POEM). The rate of clinical remission obtained with pneu-
matic dilatation, however, dramatically decreases over time from 20 to 60 % in 10 
years. Temporary placement of large-diameter SEMS at the level of the cardia has 
been proposed as a possible therapeutic intervention in patients with achalasia. The 
rationale of their use is linked to the possibility to perform a gradual and prolonged 
dilation at the level of the lower esophageal sphincter, which, compared to tradi-
tional pneumatic dilation, should secure better long-term results.

In a study by Ying-Sheng, 90 patients with achalasia have been treated with dif-
ferent size SEMS: 20, 25, and 30 mm. Partially covered SEMS have been deployed 
across the esophageal cardia, and they were left in place for 4–5 days, before being 
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removed. Technical success was achieved in all patients; however, best results were 
obtained with larger-diameter SEMS: the treatment failure rate was lower in patients 
treated with 30 mm SEMS (13 %) compared to the other groups [20]. SEMS migra-
tion occurred more frequently in patients receiving 20 and 25 mm SEMS. Moreover, 
patients were followed up to 10 years and larger-diameter SEMS showed better 
long-term results [20]. Similar results have been reported also in other studies [21–
23]. In another study comparing SEMS and pneumatic dilation, a temporary, 30-mm 
diameter SEMS was associated with a better long-term clinical efficacy in the treat-
ment of patients with achalasia [22]. Similar better long-term outcomes have been 
shown in another study comparing removable SEMS and botulinum toxin injection 
[23]. While these data are promising, studies from Western countries are lacking, 
and SEMS dedicated to achalasia are not widespread used.

5.2.6	 �Staple Line Leaks Postlaparoscopic Sleeve Gastrectomy

The use of SEMS deserves a special mention in the treatment of staple line dehis-
cence after laparoscopic sleeve gastrectomy. This is the most feared complication of 
this surgery, providing greater morbidity. Its incidence varies depending on the 
series but seems to have decreased over time from 2.5 % to 1.1 % [24]. However 
other authors reported higher incidence of leakages up to 20 %, also in experienced 
hands [25]. Leakage typically develops at the esophagogastric junction and proxi-
mal stomach, near the angle of His. The cause of leakage is to be attributed to an 
altered healing process of the suture line, which depends on many risk factors, such 
as ischemia due to the devascularization of gastric wall. An increased intraluminal 
pressure of gastric tube has also been invoked as another mechanism involved in 
staple line leaks, especially if the gastric tube is little distensible or if there is a 
stricture of the sleeve [26]. Although it is not accepted by all, in recent years, several 
authors have proposed the use of fully covered SEMS in the treatment of this type 
of fistula with variable results [27, 28]. Only the leakages located at the esophago-
gastric junction or the proximal portion of gastric tube are susceptible to such treat-
ment. SEMS migration is the most frequent complication, occurring in up to 30 % 
of cases. Therefore these SEMS should be as wide and as long as possible, in order 
to prevent dislocation. Many authors remove them after 6–8 weeks to ensure com-
plete healing of the fistula. Recently covered SEMS with a large diameter and length 
have been introduced on the market, dedicated to the treatment of staple line leaks 
postlaparoscopic sleeve gastrectomy (Megastent, Taewoong Medical co, South 
Korea). It is a completely coated prosthesis with a large diameter (24–28 mm) and 
varying in length from 15 to 23 cm. This stent has two large flares in the proximal 
and distal part, ensuring an optimal gripping. Moreover, given its length, the proxi-
mal and distal ends can be opened upstream of the leak in the esophagus and in the 
duodenal bulb, respectively. This allows to reset the high pressure within the gastric 
tube, promoting the healing of the fistula. A recent case series by Galloro et  al. 
showed that Megastent was effective in four patients with staple leaks, allowing 
rapid resumption of enteral nutrition and early discharge [26] (Fig. 5.3).
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5.3	 �Unusual Application of Stents in Low GI Tract

Placement of SEMS within the low GI tract is an advanced endoscopic technique 
used to treat a variety of condition including obstruction, fistula, and perforation.

The most common indication for low GI tract stenting is the colon malignant 
obstruction. There are two major indications for colonic stenting in patients with 
colorectal cancer: palliation of advanced disease and preoperative decompression. In 
the latter case, placement of a stent can convert a surgical procedure from an emer-
gent two-step procedure (including a colostomy) into an elective one-step resection 
with a primary anastomosis, which can be performed laparoscopically [29].

Large-bowel obstruction caused by advanced colon cancer occurs in three-
fourths of all malignant colonic obstruction. The management of this severe clinical 
condition remains controversial.

The majority of colon cancer causing obstruction are localized to the left side of 
the colon, with the sigmoid colon being the most common location. Extrinsic colon 
cancer (in particular pelvic tumors) can infiltrate the colonic wall and may cause a 
lumen obstruction or a colonic compression. Malignant colonic obstruction may be 
treated by using conventional surgery with resection or diversion procedures, but 
patients presenting with malignant obstruction often are poor surgical candidates. 
Patients treated with a diverting colostomy frequently retain the stoma indefinitely 
because of the discovery of metastatic disease [30]. Urgent surgical intervention in 
this setting is associated with a mortality rate of 10 % and morbidity up to 40 % [31]. 
The most important endoscopic alternative to the urgent surgical management of 
malignant colonic obstruction is the placement of SEMS.

a b

Fig. 5.3  Stent used to treat staple line leaks postlaparoscopic sleeve gastrectomy (a Betastent, 
Taewoong; b Megastent, Taewoong) (www.stent.net)
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Over the last decade, many articles have been published on the subject of 
colonic stenting for malignant colonic obstruction, including randomized con-
trolled trials (RCTs) and systematic reviews. However, the definitive role of 
self-expandable metal stents (SEMS) in the treatment of malignant colonic 
obstruction has not yet been clarified, and a collaborative approach to patient 
management, including surgeons and endoscopists, is recommended to guide 
patient care [31].

5.3.1	 �Self-Expanding Metallic Stents for Malignant Obstruction

Endoscopic placement of colorectal stents is an effective alternative to surgical 
decompression for colonic obstruction. In a pooled analysis of 54 trials, reporting 
on 1198 patients with malignant colorectal obstruction, SEMS placement achieved 
clinical success in 91 % [32]. In the most current review of 88 articles incorporat-
ing the results of SEMS placement in 1785 patients for malignant colonic obstruc-
tion, clinical success was achieved at a median rate of 92 % [33]. Serious 
complications, including colon perforations, were reported in 5 % of patients in 
each of these two papers.

Two precautions emerge from these studies. First, stricture dilation before or 
immediately after stent placement results in a five- to sixfold higher rate of perfora-
tion (10 %–18 %) and should generally be avoided [32]. Second, covered stents may 
have inferior outcomes compared with uncovered stents because of a significantly 
higher migration rate (31 % vs. 3 %) [33].

Although excellent right-side colonic SEMS placement outcomes have been 
reported from expert centers, data are more limited than for left-side colonic SEMS 
placement.

5.3.2	 �Colonic SEMS as a Bridge to Surgery

In patients with malignant colonic obstruction who are candidates for surgical 
resection, placement of a colonic SEMS allows colonic decompression without the 
morbidity and mortality of urgent surgery.

The most recent systematic review and meta-analysis evaluated the efficacy 
and safety of colonic stenting as a bridge to surgery (n = 195) compared with 
emergency surgery (n = 187). All seven RCTs that focused on the postoperative 
outcome of SEMS and emergency surgery were included in this meta-analysis. 
The mean technical success rate of colonic stent placement was 76.9 % (range 
46.7 %–100 %). There was no statistically significant difference in the postopera-
tive mortality comparing SEMS as bridge to surgery (10.7 %) and emergency sur-
gery (12.4 %). The meta-analysis showed a lower overall morbidity (33.1 % vs. 
53.9 %, P = 0.03), a higher successful primary anastomosis rate (67.2 % vs. 55.1 %, 
P < 0.01), and a lower permanent stoma rate (9 % vs. 27.4 %, P < 0.01) in the 
SEMS group [34].
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According to these results, SEMS placement are related to significantly lower 
complication rates and shorter hospital stays, better health-related quality of life, 
and reduced costs.

Moreover, the relief of symptoms provided by SEMS placement allows addi-
tional time to stabilize the patient, address underlying comorbid medical illnesses, 
perform a thorough staging evaluation of the cancer, and offer the opportunity to 
provide neoadjuvant therapy in patients with rectal cancer. In this way, colorectal 
stent placement serves as a favorable “bridge to surgery.” For those patients who 
appear to be surgical candidates but later are found to have widely metastatic dis-
ease, the SEMS can be left in place as palliative therapy and a potentially permanent 
colostomy avoided [35]

Oncological Outcomes  Potential concerns have been found about impaired onco-
logical results after SEMS treatment in the bridge to surgery group patient, particu-
larly following colon stent perforation. The outcome of long-term follow-up 
comparing SEMS as a bridge to elective surgery versus acute resection was ana-
lyzed by three RCTs [36–38]. Although the study groups were small (15–26 patients 
in the stent arms), all trials report higher oncologic disease recurrence rates in the 
SEMS group. However, no difference in survival was seen in the SEMS group com-
pared with the surgery group in the three trials [36–38].

The use of SEMS and the occurrence of tumor stenting perforation were identi-
fied to correlate with worse overall survival. The outcome data of the “Dutch 
Stent-In 2” trial showed a significantly higher overall recurrence disease rate in the 
SEMS group between the two arms (42 % in the surgical group vs. 25 % in the 
SEMS group), which was even higher in the subgroup of patients who experienced 
stent-related perforation (83 %) [38]. The oncological risks of SEMS placement 
should be balanced against the operative risks of emergency surgery. Because there 
is no reduction in postoperative mortality and stenting seems to impact on the onco-
logical safety, the use of SEMS as a bridge to surgery could not be recommended as 
a standard treatment for potentially curable patients. However, placement of SEMS 
is considered an alternative option in patients at high surgical risk.

Risk factors as increasing age and an ASA score ≥ III are associated with adverse 
outcomes following elective as well as emergency surgery in colorectal cancer. 
Therefore, the use of SEMS as a bridge to elective surgery may be considered the 
preferred alternative treatment option in patients potentially unfit for surgery: older 
than 70 years and/or with an ASA score ≥ III [39].

5.3.3	 �Colonic SEMS as Palliative Therapy

Colonic SEMS can also provide effective palliation for patients with malignant 
colonic obstruction who are recognized at initial evaluation to be poor operative 
candidates. Follow-up data of colonic SEMS placement for palliation are favor-
able; the median rate of clinical success was 90 %–93 %, and the median rate of 
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reobstruction ranges from 12 % to 16 % [32, 33] Patients who underwent to 
colonic SEMS placement as palliative therapy, compared with surgery, had lower 
medical complications, shorter hospitalization, reduced number of colostomy 
[40,  41], more prompt initiation of chemotherapy [42], and a trend toward 
decreased mortality [43].

In recognition of these findings, recent reviews support endoscopic placement of 
colonic SEMS as an effective approach to palliation of patients with stage IV colon 
cancer obstruction.

Colonic SEMS also may serve for palliation of rectal cancer. Hünerbein et al. 
achieved initial technical success in 33 out of 34 patients (97 %) but suggested that 
stent placement is contraindicated for low rectal cancer (5  cm from anal verge) 
because of tenesmus and patient’s incontinence [44].

According to the results of two meta-analyses [45, 46], colon SEMS are related 
to a significant lower 30-day mortality (4% vs. 11 %, SEMS vs. surgery, respec-
tively), a shorter hospitalization (10 vs. 19 days), and a lower intensive care unit 
(ICU) admission (0.8 % vs. 18.0 %) while permitting a shorter time to initiation of 
chemotherapy (16 vs. 33 days). Surgical stoma formation was significantly lower 
after palliative SEMS compared with emergency surgery (13 % vs. 54 %).

No significant difference in overall morbidity between the stent group (34 %) 
and the surgery group (38 %) has been observed. Early complications did occur 
more often in the surgery group, while higher late complications were more fre-
quent in the SEMS group. The most frequent stent-related complications in the 
SEMS palliative group included colon perforation (10 %), stent migration (9 %), 
and reobstruction (18 %) [45, 46].

Together, these analyses demonstrate that SEMS placement provides cost-
effective relief of malignant colonic obstruction with an acceptable rate of compli-
cations in a broad population of patients.

Chemotherapy without anti-angiogenic agents (bevacizumab) is not associated with 
an increased risk of colon stent perforation. Patients who have undergone palliative 
stenting can be safely treated with chemotherapy without anti-angiogenic agents [47].

Retrospective series found an increased risk of stent-related colon perforation 
(17–50 %) in patients treated with angiogenesis inhibitor [48]. A meta-analysis 
found the treatment with anti-angiogenic agents as a risk factor of increased colon 
perforation during colon stenting: 12.5 % of colon perforation rate was observed 
in patients treated with bevacizumab compared to 7.0 % of colon perforation reg-
istered in patients treated with standard chemotherapy [47]. Considered the high 
risk of colon perforation identified in this subgroup of patient, the use of SEMS as 
palliative treatment is not recommended if an anti-angiogenic therapy is being 
administered [47].

5.3.4	 �SEMS in Benign Colorectal Diseases

There are two major applications of SEMS in this field: benign colorectal obstruc-
tion and colorectal fistula.
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Colorectal obstruction could be associated to diverticulitis, post-actinc stric-
ture, IBD-related stricture, postsurgical anastomotic stricture. Management of 
benign colorectal obstructive disease is a challenging effort. Endoscopic balloon 
dilation is the most used and simplest therapeutic choice, but it is associated with 
a high recurrence rate, and refractoriness is observed in more than 20 % of cases 
[49]. Results concerning the long-term obstruction symptom relief in patients 
with benign colon obstructive disease have been obtained in heterogeneous 
series, and there is some controversy about efficacy and safety [50–54]. Stents 
have not been so commonly studied in patients with benign colorectal obstruc-
tion. Few and controversial data are available on the application of SEMS in 
Crohn’s disease (CD) strictures. Clinical success ranges from 45 % to 80 % in 
published series involving patients with postsurgical strictures mostly [55]. Loras 
et al. found an overall efficacy of 64.7 % after a follow-up of 60 weeks. Patient’s 
refractory to balloon endoscopic treatment or cases in which balloon dilations 
were unsuitable have been included in this series. The results showed that this 
technique may offer an alternative to endoscopic treatment considered the lim-
ited minor complications (distal migration in 52 % of cases). Authors conclude 
that placement of FCSEMS in CD strictures maintained over a period of 4 weeks 
is a safe and effective treatment for strictures refractory to endoscopic dilata-
tions; the length and location of stricture are important considerations for the 
correct choice of the stent [55].

Keranen et  al.’s series included patients with diverticular colon obstruction 
(n = 10) remarking a high major complication rate with colon perforation observed 
in three out of ten patients. High colon perforation rates were found in other series 
in which diverticular strictures were treated with SEMS: Small AJ et al. noted two 
cases of colon perforation out of 14 patients treated with SEMS [51, 55].

The application of SEMS in diverticular disease is complicated by high perfo-
ration rate in both palliative and bridge to surgery cases. This may be due to 
persisting sepsis or inflammatory activity making the bowel friable and suscep-
tible to local damage. According to these results, the use of SEMS for obstruc-
tion caused by diverticulitis has not been recommended because of concern for 
high perforation rate.

The best results on the applications of FCSEMS in benign colorectal strictures 
have been reached in colorectal anastomotic stenosis. Caruso et al. showed an early 
clinical success in the absence of endoscopic or surgical reintervention in all cases. 
Prolonged clinical success (median follow-up of 21 months) was reached in 56 % 
cases. Complications consisted of spontaneous stent migration only and occurred 
in 19 % of cases. The multivariate analysis of this retrospective series showed a 
lower stent migration rate (19 %) when large-diameter stents (i.e., 24–26 mm) were 
used, in turn favoring clinical success. According to these data, FCSEMS can rep-
resent effective and safe treatment for anastomotic colorectal strictures, and large 
stents are warranted for better results [56]. Similarly, Vanbiervliet et al. [57] found 
a recurrence rate in half (53 %) of patients treated with SEMS for postsurgical 
colon stricture obstruction in long-term follow-up and high stent migration rate 
(63 %) occurred.
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In small case series, SEMS have been applied as nonsurgical therapeutic option 
to heal a colorectal fistula [51, 58]. Mostly data deal with the use of SEMS in anas-
tomotic leak (Figs. 5.4 and 5.5). Authors have used both covered and uncovered 
SEMS registering the absence of migration in all cases and an overall long-term 
clinical efficacy of 73 %.

In our center, few cases with good results have been treated using biodegradable 
stents in alternative to FCSEMS when a postsurgical fistula is associated to the 
anastomotic stricture; in this pattern, biodegradable stent helps to heal fistula, thanks 
to the overgrowth tissue stimulation, and stenosis should be treated, thanks to the 
intrinsic high radial force of biodegradable stent (Fig. 5.6).

Likewise biodegradable stents, uncovered stents induce hyperplastic and over-
growth tissue reaction permitting fistula closure, but uncovered stents are very dif-
ficult to be removed endoscopically. FCSEMS can be safely removed endoscopically 
but are complicated by migration in 30 %–60 % of cases.

a b

c

Fig. 5.4  Example of fistula closure using SEMS. (a) Fistula across a colorectal anastomotic 
rhyme. (b) FCSEMS has been positioned across the anastomosis. (c) Fistula healing after stent 
retrieval
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The absence of migration in the series cited above [58] is uncommon, and the 
long-term management of patients treated with SEMS concerning the undefined 
long-time uncovered stent placement is unclear.

Covered SEMS have several potential advantages over uncovered or plastic stents.
The overgrowth of mucosal hyperplastic reaction in uncovered and partially cov-

ered SEMS facilitate the impaction of the stent with difficulties in removal; there-
fore, these types of stents are less ideal for the treatment of benign strictures [55]. 
Owing to their flexibility, FCSEMS are easier to insert and deploy, and retrieval is 
easier owing to absent overgrowth tissue.

Experiences from different centers with a larger number of patients are needed, 
before any definitive conclusion or clinical application can be accepted.

a b

c

Fig. 5.5  Postsurgical colon dehiscence. (a) Penrose tube drainage (arrow) is located through the 
anastomotic dehiscence in the colon lumen. (b) Through a guidewire (star), a colon SEMS is 
placed across the anastomosis. (c) Anastomotic healing after 6 months of follow-up: an OTSC 
(over-the-scope clip) has been released in the site of dehiscence at the same time of stent placement 
to improve the possibility of anastomotic healing
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6Endoscopic Suturing Systems

Joseph Ramon Armengol-Miro, Joan Dot,  
Monder Abu-Suboh, Jordi Armengol, Miquel Masachs, 
and Sergey V. Kantsevoy

Several types of endoscopic suturing systems have been developed for the last two 
decades. According to the working principles, these devices can be divided into 
several groups [1].

Suction-based devices [2, 3] (EndoCinch [Bard, Murray Hill, NJ, USA], LSI 
Solution [Victor, NY, USA], Spiderman [Ethicon Endo Surgery, Cincinnati, OH, 
USA], Sew-Right [Cook Endoscopy, Winston-Salem, NC, USA]) had a vacuum 
chamber to aspirate gastrointestinal (GI) tract wall. Then a needle was advanced 
through the aspirated tissue delivering a suture. The suture later was tightened using 
extracorporeal knot tying or specially created cinching mechanism. The common 
problem of suction-based suturing systems was large variability in the depth of 
suture placement: insufficient suction created only superficial sutures [2]. Excessive 
suction could cause transmural suture placement with potential damage to organ 
adjacent to GI tract. None of the suction-based suturing system is currently used in 
clinical practice in humans.

Second group of suturing systems was based on a working overtube delivering 
preloaded stitch (NDO plicator [NDO Surgical, Mansfield, MA, USA], Esophyx 
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[EndoGastric Solutions, Redmond, WA, USA]) [4]. These devices were used in 
retroflex position to create plications tightening the gastroesophageal junction. 
Although NDO plicator is no longer commercially available, Esophyx device is 
still, but rarely, used for endoscopic correction of gastroesophageal reflux disease 
[4].

The third group of suturing systems was developed by Power Medical (now 
Covidien based at New Haven, CT, USA) and was built as a flexible endoscopic 
stapling device. Despite the initial success in acute and survival animal experiments 
and several successful endoscopic procedures in humans, this device is no longer 
available for clinical use [5–8].

The forth group of endoscopic suturing system was based of delivery of T-tags 
with attached sutures through a hollow needle [9–11]. The T-tags were placed into 
opposite edges of the GI tract wall incision and then were cinched together by a 
special cinching mechanism. Several companies (Olympus Optical LTD [Tokyo, 
Japan], Cook Endoscopy [Winston-Salem, NC, USA], Ethicon Endo-Surgery Inc 
[Cincinnati, OH, USA]) have previously developed their own T-tag suturing sys-
tems. The common problem with this type of suturing devices was the need for a 
blind puncture of the GI tract wall, which could cause unpredictable damage to 
adjacent organs [12]. Only one device of this group (TAS system from Ethicon 
Endo-Surgery Inc) has been cleared by US Food and Drug Administration for clini-
cal use in humans. However, at the present time, none of these systems is commer-
cially available [1].

The last group of endoscopic suturing devices (G-Prox [USGI Medical, San 
Clemente, CA], Eagle Claw [Olympus Optical LTD, Tokyo, Japan], OverStitch 
[Apollo Endosurgery Inc, Austin, TX, USA]) is based on the use of a curved needle 
and most closely resembles surgical suturing technique [13–17]. Eagle claw was 
successfully used in numerous animal experiments but has never been available for 
human use [13–15]. G-Prox system has large outer diameter and cannot be inserted 
through the biopsy channel of commercially available endoscopes [18]. It requires 
a special delivery system and currently mostly used in bariatric patients for revision 
of dilated gastrojejunal anastomosis postprevious gastric bypass and other endo-
scopic bariatric procedures [19, 20].

OverStitch endoscopic suturing device (Fig. 6.1) is commercially available for 
clinical use in humans since 2011 [1]. The device assembly and use are straightfor-
ward and easy: [1, 16] it is front-loaded on double-channel gastroscope (Olympus 
2 T160 or Olympus 2 T180) and inserted into GI tract. When the endoscope reaches 
the site requiring endoscopic suturing, the suturing arm caring the needle with 
attached suture is opened and then closed driving the needle through the first edge 
of the sutured tissue. Then the needle is grasped with a needle holder, the suturing 
arm is opened releasing the tissue, and the needle is reloaded back onto the suturing 
arm. The suturing arm is closed again delivering the needle through the second edge 
of the sutured tissue. At this point the needle can be released from the suturing arm 
to become a T-bar. Then a special mechanism is deployed bringing together and 
cinching both edges of the sutured tissue to complete a separate stitch. However, 
instead of releasing the needle, the needle can be reloaded back onto the suturing 
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arm to continue the creation of a continuous suturing line of necessary length. After 
completion of each stitch (separate or continuous), a new needle with attached 
suture can be again loaded onto the suturing arm to create the next stitch. The 
OverStitch can be reloaded with a new needle unlimited number of times without 
the need to remove the suturing device from a patient.

OverStitch endoscopic suturing device has been successfully used for numerous 
clinical indications:

Closure of GI tract fistulas [21, 22]
Fixation of internal stents to prevent stent migration (Fig. 6.2) [23–25]
Repair of dilated gastrojejunal anastomosis postprevious gastric bypass (Fig. 6.3) 

and primary bariatric procedures for treatment of obesity
Facilitation of endoscopic submucosal dissection with a suture-pulley technique 

[26, 27]
Repair of inadvertent iatrogenic GI tract perforations [28–32]
Closure of large mucosal defect (Figs. 6.4 and 6.5) postendoscopic mucosal resec-

tion or endoscopic submucosal dissection (ESD) [33]
Closure of GI tract wall defects postfull-thickness resection of GI tract lesions 

(Fig. 6.6) [34–38]
In conclusion, several types of endoscopic devices have been developed for 

endoscopic suturing inside the GI tract. OverStitch is the most widely used endo-
scopic suturing device allowing the creation of endoscopic sutures, closely 

Fig. 6.1  OverStitch endoscopic suturing device consists of a curved suturing arm on end plate (1) 
accentuated by a handle (2) and a needle holder (3)
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resembling surgical suturing. The indications for endoscopic suturing continue to 
expand positioning the OverStitch as a very valuable tool for therapeutic 
endoscopy.

a b

c

Fig. 6.2  Fixation of internal stent with OverStitch endoscopic suturing device. (a) A fully covered 
self-expending metal stent is placed proximal in the esophagus. (b) OverStitch endoscopic sutur-
ing device has been advanced into the esophagus to perform stent fixation toward the esophageal 
wall. (c) The stent has been sutured to esophageal wall with OverStitch endoscopic suturing device 
to prevent stent migration

J.R. Armengol-Miro et al.
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a b

c

Fig. 6.3  Endoscopic correction of dilated gastrojejunal anastomosis. (a) Dilated gastrojejunal 
anastomosis postprevious gastric bypass. (b) Dilated anastomosis has been narrowed with separate 
stitches to 1 cm in diameter using OverStitch endoscopic suturing device
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a b

c

Fig. 6.4  Endoscopic suturing closure of mucosal defect postgastric ESD. (a) Large mucosal 
defect post-ESD in the antrum of the stomach. (b) Endoscopic suture has been advanced through 
both edges of mucosal incision at the right corner of mucosal defect post-ESD. (c) Mucosal defect 
post-ESD has been closed with continuous suturing line using OverStitch endoscopic suturing 
system

J.R. Armengol-Miro et al.
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a b

c

Fig. 6.5  Endoscopic suturing closure of mucosal defect postcolonic ESD. (a) ESD of a large and 
flat ascending colon polyp has been started with a dual knife. (b) Large mucosal defect postcom-
pletion of ESD in ascending colon. (c) OverStitch endoscopic suturing device has been advanced 
into ascending colon for suturing closure of the mucosal defect post-ESD. (d) Mucosal defect has 
been completely closed with continuous suturing line using OverStitch endoscopic suturing 
system
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7Endoluminal Therapy for Treatment 
of Gastroesophageal Reflux Disease

Pier Alberto Testoni, Sabrina Testoni, 
and Giorgia Mazzoleni

7.1	 �Introduction

Gastroesophageal reflux disease (GERD) is a very common disorder that can be 
currently treated by medical therapy and surgical or endoscopic transoral 
interventions.

Medical therapy represents the most common approach: proton pump inhibitors 
(PPIs) relieve symptoms and improve the patient’s quality of life in the majority of 
cases. However, concerns related to potential side effects of continuous long-term 
medication, drug intolerance, or unresponsiveness and the need of high dosages for 
long periods to treat symptoms or prevent recurrences have increased in the recent 
years. Moreover, medical therapy may be inadequate to treat symptoms occurring in 
the presence of weakly acidic reflux and has high cost in the long term for either 
patients or healthcare system, if started at a young age and maintained for many 
years.

On the other hand, patients suffering from a mild GERD are in general reluctant 
to undergo surgical repair of the valve, considering its invasiveness. Surgery may 
also have in some cases consequences characterized by long-lasting dysphagia, 
flatulence, inability to belch or vomit, diarrhea, or functional dyspepsia related to 
delayed gastric emptying [1–4]. Even for interventions performed in centers of 
excellence, incisional hernias in the site of trocar insertion have been reported in up 
to 3 % of cases [5].
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For these reasons, in the last 15 years, technological innovations have led to the 
development of a variety of transoral endoscopic techniques as alternatives to anti-
secretory therapy or antireflux surgery [6]. All these techniques would aim at rein-
forcing the barrier function of the lower esophageal sphincter (LES), similarly to 
surgery, and thus controlling reflux but with a lower invasiveness and costs com-
pared to surgery.

Endoluminal therapies gained popularity and showed significant symptom con-
trol in the short-term period in the majority of published studies. However, most of 
them showed disappointing long-term results and have been abandoned [7–9]. 
Although an American Gastroenterological Association Institute Medical Position 
Statement established in 2008 that “the current data suggest that at present there are 
no definitive indications for the use of endoluminal therapy in gastroesophageal 
reflux disease” [10], transoral procedures have been offered to a selected group of 
patients with documented symptomatic chronic GERD (pathological reflux at pH 
and impedance recording and positive correlation between reflux and symptoms), 
responsiveness to PPI therapy and dependence on antisecretory drugs, hiatal hernias 
less than 2–3 cm, absence of Barrett’s esophagus, and mild esophagitis. Patients 
with Barrett’s esophagus, large hiatal hernias, obesity, severe medical comorbidi-
ties, esophageal primary motility disorders, or proximal reflux symptoms have been 
in general excluded from these transoral approaches.

Endoluminal techniques include three major categories: implantation or injec-
tion of foreign materials, application of radiofrequency ablation, and endoscopic 
tissue apposition techniques.

7.2	 �Endoluminal Techniques

7.2.1	 �Implantations and Injections

The theory on the basis of this technique is to instill a bulking agent at the level of 
LES, in order to increase its natural mechanical barrier to gastroesophageal reflux. 
Over the years, several attempts with various bulk-forming agents were made, but 
none remained on the market due to the occurrence of serious adverse events and/
or lack of clinical efficacy. The first trials involved injection of polytetrafluoroeth-
ylene paste (Teflon, DuPontTM, Wilmington, Delaware, USA, and Polytef, Mentor 
O&O Inc., Santa Barbara, California, USA) and bovine collagen that showed 
increased gastric yield pressures and decreased esophagitis, but a lack of durability 
(<6 months) [11].

Subsequent technologies involved the submucosal injection of polymethylmeth-
acrylate (Plexiglass, Artes Medical Inc., San Diego, California, USA) into the LES, 
but it wasn’t effective beyond 6 months [12]. Therefore, all these products were 
withdrawn from the market.

The most promising of the injectables was Enteryx (Boston Scientific Corporation, 
Marlborough, Massachusetts, USA), an implantable and biocompatible polymer, 
consisting of ethylene vinyl alcohol 8 % mixed with powder of tantalum, a 
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radiopaque agent, in an organic liquid solution of dimethyl sulfoxide. It was injected 
as liquid form around the gastroesophageal junction in a circumferential manner. 
Once injected into the tissue, the agent forms a spongy, more solid material at the 
target site of injection at the esophagogastric junction (EGJ). It was a reproducible 
procedure in the event of inadequate control of the symptoms, but not reversible. In 
an international multicenter study involving 85 patients, Enteryx was effective con-
cerning pH normalization (38.8 % at 12 months) and cessation of PPI therapy (74 % 
at 6 months). The scores of symptomatic questionnaires were comparable with 
those obtained with the antisecretory therapy. However, the device was withdrawn 
from the market because of procedure-related complications, such as chest pain 
(92 %), dysphagia (20 %), re-intervention (up to 25 % within 2 years), and a case of 
death due to the injection into the aortic wall [13–15].

Another injectable has recently been developed, Durasphere (Carbon Medical 
Technologies, St. Paul, Minnesota, USA), that is, a sterile non-pyrogenic bulking 
agent composed of pyrolytic carbon containing zirconium oxide beads, suspended 
in a water-based carrier gel containing beta-glucan. Durasphere is injected into the 
submucosa in order to create increased tissue bulk and subsequent coaptation of the 
LES. Over time, collagen is deposited around the pyrolytic carbon-coated beads, 
with the final bulking result due to the combination of the pyrolytic-coated beads 
and the body’s own collagen. A pilot study on ten patients showed that 70 % of 
patients with mild to moderate GERD was able to discontinue medical treatment at 
12-month follow-up, while 90 % of patients had reduced PPI use by 50 %, and 40 % 
had normalized pH [16]. However, further studies are needed to confirm its safety 
and effectiveness.

Among implantation techniques, a hydrogel prosthesis has been proposed 
(Gatekeeper Reflux Repair System, Medtronic Europe Inc., Tolochenaz, 
Switzerland). The aim of this technique was to narrow the diameter of the distal 
esophagus through endoscopic implantation of an expandable, removable, and radi-
opaque prosthesis in polyacrylonitrile hydrogel in the submucosal layer of the gas-
troesophageal junction. It was a repeatable and reversible procedure and has shown 
improvement in the control of reflux symptoms at 6-month follow-up. In 68 patients 
treated by this procedure, distal esophageal acid exposure (measured by pH moni-
toring), LES pressure, and symptom scores improved. Normalization of pH was 
observed in 40 % of patients. However, the device was withdrawn from the market 
due to related complications, such as pharyngeal perforation and severe postpran-
dial nausea [17, 18].

7.2.2	 �Radiofrequency Ablation

The Stretta System (Mederi Therapeutics, Norwalk, Connecticut, previously Curon 
Medical, Sunnyvale, California, USA) was first introduced in 2000 and then refined 
over the years. This technique provides the ablation of the muscular layer by strad-
dling the gastroesophageal junction with radiofrequency energy, performed with 
low power and controlled temperature. The device consists of a special flexible 
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catheter with a balloon-basket assembly and curved needles, distributed radially, 
which is inserted orally up to the cardia. Each needle is equipped with titanium 
electrodes to deliver the radiofrequency energy into the esophageal wall and LES, 
heating the water molecules of the muscle tissue and leading to collagen contraction 
and tissue constriction while irrigating the overlying mucosa to prevent thermal 
injury [19]. The ablation is repeated by rotating the device and varying its linear 
position between 2 cm above and 2 cm below the Z line. The procedure induces 
irreversible changes, resulting in tissue healing and thus tightening of the LES.

A randomized controlled trial has shown improvement in both symptom control 
and quality of life at 6-month follow-up, but the technique did not significantly 
reduce the need to take PPIs, the LES pressure, and the time of distal esophageal 
acid exposure [20]. The Stretta System was also able to reduce the frequency of the 
transient LES relaxation, because of the tissue fibrosis and retraction at the level of 
gastric cardia [21, 22]. The Stretta procedure reported few adverse events. The most 
common complications reported in studies of case series included transient epigas-
tric pain (66 %), chest pain (15 %), fever (7 %), tears of the mucosal surface (4 %), 
esophageal ulceration (4 %), and dysphagia (3 %). Major adverse events were 
reported in less than 0.1 % of patients [23, 24].

No difference was observed between the Stretta procedure and the laparoscopic 
fundoplication regarding the quality of life in GERD, but 97 % of patients no longer 
required therapy with PPIs after laparoscopic surgery compared with 58 % of 
patients who underwent the Stretta procedure [25].

In a systematic review and meta-analysis (20 studies), involving 1441 patients, 
the authors found that the Stretta procedure improved GERD symptoms 
(decreased heartburn symptom in 525 patients (36.4 %) over 24.1  months, 
decreased quality of life scores in 433 patients (30.0 %) over 19.8 months, and 
improved DeMeester scores in 267 patients (18.5 %), but did not normalize 
esophageal acid exposure and did not significantly increase the LES pressure 
[26]. In an 8-year follow-up on 26 patients, Dughera et al. found a significant 
decrease in heartburn and GERD-HRQL scores, and 77 % of patients completely 
stopped PPIs. The only complication reported was a case of severe gastroparesis 
requiring long-term hospitalization [27].

In summary, Stretta provided safe, effective, and durable suppression of GERD; 
thus it is strongly recommended by the SAGES (Society of American Gastrointestinal 
and Endoscopic Surgeons) for “patients who have had symptoms of heartburn, 
regurgitation or both for 6 months or more, who have been partially or completely 
responsive to antisecretory pharmacological therapy, and who have declined laparo-
scopic fundoplication” [28].

7.2.3	 �Endoscopic Tissue Apposition Techniques

Several endoscopic suturing and apposition devices have been developed, in order 
to mechanically sustain the LES or improve the antireflux barrier creating tissue 
plication around the gastroesophageal junction.
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The EndoCinch (Bard Endoscopic Technologies, Murray Hill, NJ, USA) was 
initially approved in the USA in 2000. It consists of a suture system that is 
attached at the end of a standard flexible endoscope and has a cavity that permits 
the suction of a tissue fold. The device is inserted until reaching 1  cm down-
stream the Z line. A T-tag secures the submucosal tissue, and the physician low-
ers the suturing system to the gastroesophageal junction, where other series of 
sutures are placed below the LES, in order to create two to three gastric plica-
tions, forming a valve that works as a barrier against GER [13]. Several studies 
have evaluated EndoCinch as compared to sham or laparoscopic fundoplication. 
A noncontrolled trial, carried out in a single center on 70 patients, demonstrated 
the long-term failure of the treatment, mainly because of the loss of the sutures. 
Eighteen months after treatment, 56 patients (80 %) did not get improvement in 
the severity of reflux symptoms or use of PPIs. Endoscopic examination showed 
all the sutures in place in 12 patients (17 %) and no suture in 18 patients (26 %). 
In 54 and 50 patients tested, respectively, any significant change was not observed 
in the 24-h pH monitoring or pressure in the LES, while the length of the LES 
was only slightly increased [29]. A double-blinded, randomized study of 
EndoCinch versus sham demonstrated a significant improvement in the use of 
PPIs, the GERD symptoms, and the time of acid exposure up to 12-month  
follow-up, compared with the observation group, but did not show any signifi-
cant improvement over the sham group. Of the EndoCinch group, 29 % of patients 
required re-treatment during the 12-month follow-up [30]. Moreover, in a study 
comparing EndoCinch to laparoscopic fundoplication, the authors found 
EndoCinch less effective than surgical fundoplication [31]. Thus, although a 
good safety profile, the device was no longer manufactured due to the lack of 
long-term efficacy.

Another device no longer available in the market for clinical use was the endo-
scopic suturing device (ESD, Wilson-Cook Medical, Bloomington, Indiana, USA) 
that consisted of an external accessory channel, attached to a flexible endoscope, 
which allowed the passage of the other two components of the device, the flexible 
systems Sew-Right and Ti-Knot. Sew-Right was a dual system of needles that used 
a single suture loop to create the tissue plication. The target tissue was sucked into 
a suction chamber; a suture was then passed through the tissue collected within the 
chamber. It was used as a continuous and single suture loop to sew two adjacent 
areas in the proximal stomach in order to form the plication, and it was possible to 
create two to three plications during a single treatment. Studies revealed the early 
loss of the sutures; at 6 months, only 5 % of the sutures were found still in place. 
There were no significant changes in the healing of esophagitis, time of esophageal 
acid exposure at 24-h pH monitoring, LES pressure, and PPI use [32]. In case 
series, this procedure has been associated with transient chest pain, abdominal 
pain, nausea, and self-limited bleeding, with rates similar to those observed with 
EndoCinch.

The endoscopic full-thickness plication system NDO Plicator (NDO Surgical 
Inc., Mansfield, MA, USA) was approved by the FDA in 2004. It was designed to 
create a transmural, full-thickness, serosa-to-serosa plication below the 
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gastroesophageal junction at the angle of His, under endoscopic direct retroflexed 
view by means of a flexible pediatric endoscope (5.9 mm) inserted through a dedi-
cated channel of the device. A pretied suture-based pledget is delivered to create 
the plication, performed between the anterior gastric wall and the fundus [33]. A 
randomized controlled trial on 78 patients who underwent the procedure reported 
a significant reduction in the time of distal esophageal acid exposure, measured 
with pH monitoring, PPI use, and improvement of esophagitis at 6 and 12 months 
[34, 35]. Another randomized trial by Rothstein et  al. reported an extended 
improvement in quality of life and PPI usage at 5 years compared to the sham 
group [36].

This device was withdrawn from the market, too, because of several complica-
tions: persistent abdominal pain (20 %), sore throat (41 %), chest pain (17 %), 
dysphagia (11 %), burping (14 %), nausea (6 %), pneumothorax (1.6 %), pneumo-
peritoneum (1.6 %), and gastric perforation (1.6 %) [37].

The treatment of GERD with endoscopic procedures continues to evolve, as two 
FDA-approved endoluminal platforms now exist, that allow endoscopists to bring 
the surgical principles of an anterior partial fundoplication to patients without the 
worry or risk of the post-fundoplication complications seen with traditional laparo-
scopic surgery. In the last years, transoral incisionless fundoplication (TIF) has been 
shown to be an effective and promising therapeutic option in alternative to medical 
and surgical therapy; the procedure achieves long-lasting improvement of GERD 
symptoms (up to 6 years), cessation or reduction of proton pump inhibitor (PPI) 
medication in about 75 % of patients, and improvement of functional findings, mea-
sured by either pH or impedance monitoring. TIF reconfigures the tissue to obtain a 
full-thickness gastroesophageal valve from inside the stomach, by serosa-to-serosa 
plications which include the muscle layers: the new valve is capable to boost the 
barrier function of the LES with patient’s less discomfort and possibly fewer 
technique-related complications and side effects, compared to surgery.

The endoluminal platform for TIF with the greatest global experience so far is 
that performed by using the EsophyX® device (EndoGastric Solutions Ltd., 
Redmond, WA, USA), with over 10,000 procedures performed to date. TIF with this 
device has been proven to be good, durable, long-term follow-up data in most of the 
series, mainly using the TIF 2 technique. The newest endoluminal fundoplication 
device to gain FDA approval was the MUSE™ (Medigus Ultrasonic Surgical 
Endostapler – Medigus Ltd., Omer, Israel).

EsophyX® constructs an omega-shaped valve 3–5-cm long, in a 250–300° cir-
cumferential pattern around the gastroesophageal junction, by deploying multiple 
nonabsorbable polypropylene fasteners through the two layers (the esophagus and 
stomach) under endoscopic vision of the operator. MUSETM staples the fundus of 
the stomach to the esophagus below the diaphragm using multiple sets of metal 
stitches placed under an ultrasound-guided technique and creates an anterior fundo-
plication functionally similar to standard surgical Dor-Thal operation. In the case of 
sliding hiatal hernia, the procedure can be performed only if the hernia can be 
reduced below the diaphragm.
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7.3	 �Techniques for Transoral Incisionless Fundoplication

7.3.1	 �Pre-procedure Evaluation

Preoperative upper GI endoscopy is mandatory to determine the distance between 
the incisor teeth and both the esophagogastric junction (EGJ) and the diaphragmatic 
hiatus and the greatest transverse dimension of the hiatus under full gastric disten-
sion. In fact, with the current TIF technique, only a hiatal hernia not exceeding 
3.0 cm in length can be fully reduced below the diaphragm, while a plication per-
formed in a hiatus with a transverse dimension >3.0 cm can end up in the thorax, 
situation that reduces the efficacy of the newly created valve. Prior to the procedure, 
patients should always undergo esophageal manometry, to exclude primary motility 
disorders, and 24-h pH-impedance monitoring to avoid the inclusion of patients 
with functional heartburn. If the MUSE device is used, barium swallow should be 
performed to assess the reducibility of the hernia, being its irreducibility a contrain-
dication to the procedure.

7.3.2	 �Transoral Fundoplication by EsophyX® Device

The EsophyX® device is composed of:

	(a)	 A handle, wherein controls are located
	(b)	 An 18-mm diameter chassis, through which control channels run and a standard 

front view 9-mm diameter endoscope can be inserted
	(c)	 The tissue invaginator, constituted of side holes located on the distal part of the 

chassis, to which external suction can be applied
	(d)	 The tissue mold, which can be brought into retroflection and pushes the tissue 

against the shaft of the device
	(e)	 A helical screw, which is advanced into the tissue and permits to retract the tis-

sue between the tissue mold and the shaft
	(f)	 Two stylets, which penetrate through the plicated tissue and the tissue mold, 

and over them polypropylene H-shaped fasteners can be deployed
	(g)	 A cartridge containing 20 fasteners

The device has been recently updated and improved in a new generation instru-
ment: the EsophyX® 2. The fastener deployment is similar to a surgical stapler firing 
mechanism with a reduction of control complexity and dual fastener deployment 
and is improved by managing trailing leg; the crossing profile has been reduced with 
the elimination of tissue mold elbow and increase of tissue mold lateral stiffness; the 
tissue mold tip covers stylets during deployment.

Details of the first- and second-generation devices are illustrated in Fig. 7.1.
The procedure is performed by two operators: one controls the device and the 

other one operates the endoscope.
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Fig. 7.1  The EsophyX® device: first- and second-generation devices (courtesy of EndoGastric 
Solutions, Inc. Redmond, WA, USA). (a1, a2) The device currently used (©2014 EndoGastric 
Solutions, Inc.). (b1, b2) The new generation device (©2014 EndoGastric Solutions, Inc.)
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a2
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The device is inserted transorally with the patient in the left lateral or supine 
position, under general anesthesia. Hypopharyngeal perforation has been reported 
in this phase of the procedure if the device is introduced without an adequate cau-
tion; in difficult cases, the device can be gently rotated to pass the upper esophageal 
sphincter.

Once into the stomach, air or CO2 is insufflated to distend the gastric cavity and 
permit an adequate vision of the gastric fundus and EGJ; CO2 is preferable, because 
it leads to a faster and more sustained gastric insufflation and induces less discom-
fort to patients. With the endoscope placed in retroflexion position, the lesser curve 
is located at the 12 o’clock position and the greater curve at the 6 o’clock in the 
patient placed in left decubitus. Once the tissue mold is retroflexed, it is closed 
against the EsophyX® device, rotated to 11 or 1 o’clock position (lesser curve), and 
pulled back to place its tip just inside the esophageal lumen. At this point, the helical 
screw is advanced to engage the tissue under direct vision just below the Z line, the 
shaft of the device is advanced caudally, the tissue mold is opened, and the helical 
screw cable freed from the tissue mold. Then, a tension is applied to helical retrac-
tor, while a slight opening and closing of the tissue mold allow the fundus to slide 

b1

b2

Fig. 7.1  (continued)
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through the tissue mold; in this phase the stomach is being desufflated. Failure to 
desufflate the stomach during this phase of the procedure limits the size of the 
fundoplication.

After completing this maneuver, both helical retractor and tissue mold are locked 
in place; suction is applied to the tissue invaginator for approximately half a minute, 
and the device is then advanced caudally into the stomach, which has been re-
insufflated. The latter maneuver ensures that esophagogastric plication is performed 
in an intra-abdominal position and reduces hiatal hernia, when present.

Plication is carried out by deploying multiple polypropylenes, H-shaped fasten-
ers advanced over two stylets, one anterior and the other posterior. The fastener 
deployment process initiates on the far posterior and anterior sides of the esophago-
gastric valve adjacent to the lesser curvature and then is extended to the greater 
curvature by rotating the tissue mold axially to slide the stomach over the esopha-
gus, resulting in circumferential tightening and a new valve circumference of >240°. 
The stylet is advanced under direct endoscopical vision through the tissue molded 
until its tip is seen by the operator. The fastener is then advanced over the stylet and 
deployed to create a serosa-to-serosa plication. Once the tip of the fastener becomes 
visible at the tissue mold, the stylet is pulled back while the fastener is maintained 
in place; by this way, the leading leg of the fastener is derailed and the fastener is 
deployed. Fourteen fasteners allowing seven plications are needed to construct a 
satisfactory circumferential gastroesophageal valve; however, the higher is the num-
ber of fasteners deployed, the more continent is the newly created valve. Details of 
the EsophyX® device’s technique are shown in Fig. 7.2.

Endoscopic pre- and post-procedural findings are reported in Fig. 7.3.
Besides the standard procedure, two modified techniques have been reported 

over time to create the fundoplication. The technique we used in the last years 
engages the tissue by advancing the helical screw just below the Z line on the far 
posterior and anterior sides of the esophagogastric valve adjacent to the lesser cur-
vature (11 and 1 o’clock position). Before inserting the stylet, a torque is applied by 
rotation (clockwise and counterclockwise at 11 and 1 o’clock, respectively) of the 
tissue mold locked; such a maneuver allows part of the fundus to rotate around the 
esophageal wall and more tissue to be engaged by the stylet. Four fasteners for each 
site are deployed at 1 and 11 o’clock and two fasteners for each site in the middle 
part of the valve, at 4, 6, and 8 o’clock position, to reinforce and prolong caudally 
the plication. This technique increased by 30 % the success rate of the procedure. 
With the standard TIF technique, 11/27 patients (40.7 %) didn’t take PPI therapy at 
12 months; with the application of the rotational TIF technique, 14/22 patients 
(63.6 %) were full responders.

Bell R. et al. have developed a rotational fundoplication, the so-called Bell Roll 
maneuver [38]. The helical retractor is engaged at 12 o’clock, and the tissue mold is 
placed at 6 o’clock; then the tissue mold locked is rotated toward the lesser curve by 
a radial motion of the handle of the device to the 12 o’clock position. This maneuver 
rolls the fundus over and around the distal esophagus to the 1 o’clock position.

At the end of the plication, an immediate endoscopy is performed to evaluate the 
pharynx, the esophageal lumen, the gastric fundus, and the fundoplication.
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7.3.3	 �Transoral Fundoplication by MUSETM System

The MUSE™ system includes the endostapler and a console connected with the 
endostapler, containing a controller for the camera, ultrasonic range finder and vari-
ous sensors, a pump for insufflation and irrigation, a suction system, and power and 
controls for the LED.

The endostapler has: 

	(a)	 A handle, wherein controls are located
	(b)	 An insertion tube 15.5 mm in diameter, 66  cm long, containing the suction, 

insufflation/irrigation channels, and electrical and mechanical cables which 
operate the device

a b

c

Fig. 7.2  Schematic representation of the procedure with EsophyX® device (Courtesy of 
EndoGastric Solutions Inc. Redmond, WA, USA). (a) The EsophyX® device enters the 
esophagus through the mouth and is positioned at the gastroesophageal junction; (b) the 
device wraps the fundus around the distal esophagus and fastens a tissue fold; this step is 
then  repeated multiple times to reconstruct a robust, tight valve (c) (©2014 EndoGastric 
Solutions, Inc.)
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	(c)	 A rigid section 66 mm in length that contains the cartridge. Each cartridge con-
tains five standard 4.8-mm titanium staples, the ultrasound mirror, one align-
ment pin funnel, and two anvil screw funnels

	(d)	 The distal tip, similar to that of an endoscope, with suction, irrigation, illumina-
tion (via LED), and visualization (via miniature camera) capabilities

The anvil, alignment pin, anvil screw, and ultrasound are all designed to ensure 
proper alignment and positioning of the device during stapling. The distal tip may 
be articulated in one direction to align with the rigid section and cartridge, with a 
bending radius of 26 and 40 mm.

Details of the device are illustrated in Fig. 7.4.
The procedure can be performed by one operator in experienced hands. The 

patient is placed in the supine position, under general anesthesia with endotracheal 
intubation. Positive end-expiratory pressure (PEEP) of at least 5 mmHg (7.5-cm 
H2O) is administered. After a preliminary endoscopic assessment of the esophagus 
and stomach and once no contraindications are found, an overtube is placed. Then, 
the endostapler is inserted transorally through the overtube and gently advanced 
into the stomach under direct vision; passing the rigid section across the 

a b

c d

Fig. 7.3  Endoscopic views of the gastroesophageal valve before and immediately after the TIF 
procedure by EsophyX® device (authors’ case). (a) The gastroesophageal valve: before the proce-
dure with the EsophyX® device; (b) the “Bell Roll” maneuver to create the new gastroesophageal 
valve; (c) the gastroesophageal valve: immediately after the procedure with the EsophyX® device; 
(d) the gastroesophageal valve: 6 months after the procedure
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pharyngoesophageal junction may encounter some resistance. In order to avoid 
applying excessive force and risk to injure the esophagus, the overtube may be with-
drawn approximately 5 cm and then advanced with the endostapler as a unit. This 
maneuver can be repeated until the system reaches the esophageal midbody. Flexing 
the neck may make passage easier.

a

b

Fig. 7.4  The Medigus Surgical Ultrasonic Endostapler system, MUSE™ (Courtesy of Medigus 
Ltd., Omer, Israel). (a) The MUSE™ system (© All rights reserved to Medigus Ltd. 2008–2015); 
(b) the console connected with the endostapler, containing a controller for the camera, ultrasonic 
range finder, and various sensors (bending angle, bending force, alignment pin, anvil screws, gap) 
(© All rights reserved to Medigus Ltd. 2008–2015)
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Once into the stomach, distended by insufflation of air or CO2, the stapler is 
advanced until the tip is approximately 5 cm past the EGJ and then retroflex by 180° 
to obtain an adequate vision of the gastric fundus and EGJ to select stapling location.

The most important stapling location is the leftmost location, which is typically 
performed first. This is the anchoring point for the fundus and should be placed as 
far to the left of the esophagus as possible. At times, depending on anatomy, it may 
be easier to perform the first stapling in a more central location. The additional sta-
pling locations should be within 60–180° as long as the rightmost stapling should 
not be done on the lesser curve, because stapling in the lesser curve may attach the 
antrum to the esophagus and open the esophagogastric junction rather than close it. 
Additional staplings may be placed between the leftmost and rightmost. Once the 
correct location for stapling has been identified, all the procedures are performed 
under ultrasound guidance. Subsequent phases of the procedure include clamping 
tissue, deploying alignment pin, advancing anvil screw, stapling, and retrieving 
anvil screws [29]. Details of the MUSETM device’s technique are shown in Fig. 7.5. 

a

b c

Fig. 7.5  Schematic representation of the Medigus Ultrasonic Surgical Endostapler (MUSE™) 
procedure (Courtesy of Medigus Ltd., Omer, Israel). (a) The endostapler is inserted transorally 
through the overtube and gently advanced into the stomach under direct vision; (b) once in the 
stomach, distended by insufflation of air or CO2, the stapler is advanced until the tip is approxi-
mately 5 cm past the EGJ and then retroflexed 180° to give adequate vision of the gastric fundus 
and EGJ to select the stapling location. The tissue is clamped and stapled under ultrasonic guid-
ance; (c) this step is then repeated at least twice to reconstruct a robust, tight valve. Additional 
stapling locations should be within 60–180° of the valve circumference. EGJ, esophagogastric 
junction (© All rights reserved to Medigus Ltd. 2008–2015)
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Endoscopic pre- and post-procedural findings after TIF with MUSETM system are 
reported in Fig. 7.6.

7.3.4	 �Postoperative Care

Antiemetic prophylaxis with at least two drugs (according to the ASA recommenda-
tions for interventions with high risk of post-procedure nausea and vomiting) and 
full muscle relaxation throughout the procedure are mandatory for TIF. Antiemetic 
prophylaxis is maintained i.v. for 24 h, while broad-spectrum antibiotic therapy is 
maintained i.v. for 48 h and then by oral route over a 5-day period.

Almost all patients complain of transient pharyngeal irritation, as a result of 
insertion and manipulation of the device, and some have mild to moderate epigastric 
pain in 6 h after the procedure. Pain persisting for 2–4 days may require analgesics 
and should be considered for esophageal or gastric leak; CT scan and hydrosoluble 
contrast X-ray investigation should be carried out in these cases. Dysphagia and gas 
bloating are generally not reported by patients. White blood cell count may be 
slightly increased after the procedure. At discharge, patients are instructed to follow 
a liquid diet for the first 2 weeks and a soft diet for the next 4 weeks. PPIs are 

a b

c

Fig. 7.6  Endoscopic views of the gastroesophageal valve before and after the TIF procedure with 
the Medigus Ultrasonic Surgical Endostapler (MUSE™) (authors’ case). (a) The gastroesophageal 
valve: before the TIF procedure with the MUSE™ system; (b) the gastroesophageal valve: imme-
diately after the TIF procedure by MUSE™ system; (c) the gastroesophageal valve: 6 months after 
the TIF procedure by MUSE™ system

7  Endoluminal Therapy for Treatment of Gastroesophageal Reflux Disease



128

discontinued 7 days after the procedure. Patients are also asked to refrain from vig-
orous exercise for 4 weeks.

7.4	 �Outcomes

To date, 20 prospective studies and one retrospective study, most of them observa-
tional and carried out in a limited number of patients, have been published on short- 
and medium-term follow-up (1–3 years) after TIF using EsophyX® device [38–58]. 
One study evaluated patients’ outcomes up to 6 years after the procedure [56]. 
Sixteen studies assessed symptoms by means of the GERD health-related quality of 
life (HRQL); 11 evaluated pre- and post-procedure pH ± impedance recordings. A 
multicenter prospective study compared the efficacy of TIF versus omeprazole in a 
randomized controlled trial [59].

Overall, in 17 studies TIF was proven to discontinue antireflux medications or 
markedly decrease their dose; three studies arose concerns about the effectiveness 
of the procedure [45, 46, 49].

In the observational, nonrandomized studies, 6- and 12-month outcomes after 
TIF showed that 75–84 % and 53–85 % of patients had either discontinued PPI use 
or halved the dose of PPI therapy. Normalization of esophageal acid exposure, in 
terms of total acidic refluxes, number of refluxes, and DeMeester score, was reported 
in 37–89 % of patients.

Twenty-four months after TIF, daily high-dosage PPI dependence was elimi-
nated in 75–93 % of patients. Endoscopic findings comparing fundoplication imme-
diately after the procedure and 2 years later are reported in Fig. 7.7. In the two series 
reporting a 3-year follow-up, persistent discontinuation of daily PPI ranged from 74 
to 84 % of cases [54, 56].

Only one study evaluated outcomes 6 years after TIF in 14/50 patients who under-
went the procedure. High-dosage PPI dependence was eliminated in 86 % of patients, 
and approximately half of them completely stopped PPI use [56], providing evidence 
of the long-lasting effect of TIF on symptoms and PPI usage. Results are summarized 
in Fig. 7.8. Unsuccessful outcomes of TIF occurred mainly between 6 and 12 months 
after the procedure, while between 12 and 36 months, the results did not substantially 
differ. Six-year results were substantially similar to those reported at 36 months. 
These findings show that an appropriate patient selection plays a pivotal role in 
achieving clinical success after TIF and confirm that factors negatively affecting 
postoperative outcomes play a role early in the postoperative period in most patients. 
Operator’s experience plays an important role in TIF outcomes, too. All TIF failures 
observed in our series occurred in patients who underwent the procedure early in the 
operator’s learning curve. A retrospective study in 124 unselected patients carried out 
in two community hospitals and reporting, respectively, 75 and 80 % of patients free 
of typical and atypical GERD symptoms over a mean follow-up of 7 months con-
firmed that the operator’s experience plays a major role in successful outcomes [52].

Only three prospective, randomized controlled trials have been so far published. 
Two assessed the 6-month efficacy of TIF versus omeprazole therapy: one showed 
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a b

Fig. 7.7  Endoscopic views of the gastroesophageal valve immediately after and 24 months after 
the TIF procedure with EsophyX® device (authors’ case). (a) The gastroesophageal valve: imme-
diately after the TIF procedure with EsophyX® device; (b) the gastroesophageal valve: 24 months 
after the TIF procedure with EsophyX® device
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Fig. 7.8  Symptomatic responses 6 months and 1–6 years after TIF with EsophyX® device, classi-
fied according to proton pump inhibitor (PPI) use. Patients were grouped as complete responders 
(who completely stopped using PPI) or partial responders (who halved the previous PPI dose) and 
nonresponders (who still used the pre-TIF PPI dose): 12 months versus 6 months after TIF P = 0.8; 
24 versus 12  months P = 0.4; 36 versus 24  months P = 0.7; 4 years versus 36  months P = 1.0;  
5 versus 4 years P = 1.0; 6 versus 5 years P = 1.0
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TIF more effective than PPI therapy in treating regurgitation and extraesophageal 
symptoms (97 % vs 50 % of patients, respectively; P = 0.006) [58]; the second one 
proved at intention-to-treat analysis TIF more effective than PPI in eliminating 
GERD symptoms (67 % vs 45 %, respectively; P = 0.023) [59]. These data show dif-
ferent outcomes and require additional randomized studies to clarify the efficacy of 
TIF in treating GERD. The third study compared 3- and 12-month results of TIF 
and Nissen fundoplication, showing TIF as effective and safe as Nissen fundoplica-
tion but with significantly lower hospital stay (2.9 ± 0.8  days vs 6.4 ± 0.7  days, 
respectively; P < 0.0001) [60].

Outcomes of TIF, with regard to the effects on PPI usage, are reported in 
Tables 7.1 and 7.2.

Table 7.2  Symptomatic responses after transoral incisionless fundoplication with the MUSETM 
system

Follow-up 6 months 12 months 24 months 36 months 6 years

Zacheri et al. [62] 2015 83 % – – – –

Roy-Shapira et al. [63] 2015 – 82 % 73 % 73 % –

Table 7.1  Symptomatic responses after transoral incisionless fundoplication with the EsophyX® 
device

Follow-up 6 months 12 months 24 months 36 months 6 years

Cadière et al. [39] 2008 – 85 % – – –

Cadière et al. [41] 2009 – – 93 % – –

Testoni et al. [42] 2010 82 % 76 % – – –

Velanovich et al. [44] 2010 79 % – – – –

Repici et al. [45] 2010 55 % 47 % – – –

Demyttenaere et al. [43] 2010 – 53 % – – –

Hoppo et al. [46] 2010 – 42 % – – –

Barnes et al. [52] 2011 93 % – – – –

Bell et al. [47] 2011 75 % – – – –

Ihde et al. [48] 2011 76 % – – – –

Trad et al. [51] 2012 – 82 % – – –

Testoni et al. [53] 2012 – – 75 % 75 % –

Petersen et al. [50] 2012 58 % – – – –

Bell et al. [55] 2012 86 % – – – –

Muls et al. [54] 2013 – 77 % – 65 % –

Bell et al. [61] 2013 – 82 % – – –

Bell et al. [57] 2014 – – 77–80 % – –

Trad et al. [58] 2015 93 % – – – –

Hunter et al. [59] 2015 – 72 % – – –

Testoni et al. [56] 2015 84 % 80 % 88 % 84 % 86 %
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Unsuccessful outcomes after TIF were reported in three studies. Two series 
found worsening of distal esophageal acid exposure in 66.7 % of cases and persist-
ing of GERD symptoms in 68 % of cases, respectively, in small series with a short 
follow-up (12  months). An open-label study comparing TIF with robot-assisted 
Nissen fundoplication in PPI-refractory GERD patients reported complete symp-
tom remission and normalization of esophageal acid exposure time in 30 and 100 % 
of patients after TIF and 50 and 100 % after Nissen fundoplication [49]. These data 
suggest that in a challenging clinical setting such as PPI refractoriness, Nissen fun-
doplication seems more effective than TIF by EsophyX® device.

In case of failure of TIF, surgical fundoplication has been shown feasible, 
without technical difficulties or increased morbidity. Surgical revision after TIF 
failure was reported in from 8.1 to 18.0 % of cases [53, 54, 60, 64]. In two studies 
Nissen fundoplication induced complete disappearance of symptoms in all cases 
of TIF failure (respectively, 9 and 11 patients) [64, 65]. In our series, however, 
only one out of the four patients who underwent Nissen fundoplication for per-
sisting GERD symptoms after TIF stopped acid-suppressive therapy: this finding 
may depend upon the particular subset of patients who underwent TIF in our 
series, who had only a mild impairment of the gastroesophageal junction and suf-
fered from GERD-related symptoms that could have been generated by a number 
of complex mechanisms, including increased esophageal sensitivity to refluxate.

On the other hand, re-intervention after laparoscopic fundoplication has been 
reported in up to 14 % of cases, and TIF has been found effective after failed 
surgery [61].

Only two studies assessed so far the outcomes after TIF performed by MUSETM 
technique (anterior fundoplication): a pilot study with a 5-year follow-up and a mul-
ticenter prospective study [62, 63]. The pilot study assessed GERD-related symptoms 
and PPI use up to 5 years after the procedure in 13 subjects: GERD-related symptom 
score at 6 months was normalized in 92 % of cases; PPI use was completely stopped 
or reduced by half in 77 % of cases (54 % off PPI completely) [63]. PPI therapy was 
abolished or reduced by half in 82 % of patients at 12 months and in 73 % at 36 
months; this rate persisted unchanged up to 5 years. Another study assessed outcomes 
after TIF performed by MUSETM technique (anterior fundoplication) in a multicenter, 
prospective international study enrolling 66 patients with a 6-month follow-up [62]. 
GERD-related symptom scores improved by more than 50 % in 73 % of patients and 
64.6 % of them were no longer using daily PPI medication. Among patients who 
continued to take PPI, 56.5 % reduced by more than 50 % the dose. At 24-h pH 
recording, the total time with esophageal pH < 4.0 decreased significantly from base-
line. There were no post-procedure side effects commonly seen after laparoscopic 
fundoplication as gas bloating, inability to belch or vomit, dysphagia, or diarrhea.

An important issue regarding all new interventional procedures introduced in 
clinical practice is the recognition of technique- or patient-related factors that could 
affect the outcomes.

In our series, from the technical point of view, the number of fasteners deployed 
and the rotational technique applied were associated with a good outcome; a larger 
number of fasteners raised the probability of being a responder about fourfold. 
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Another study reported the number of satisfactory fasteners as critical point for the 
success of the procedure, too. The rotational technique raised the probability of being 
a responder by one half, confirming other recent reports. Among patient-related fac-
tors affecting postoperative outcomes in our series, preoperative Hill grades III and 
IV, hiatal hernia larger than 2 cm, and ineffective esophageal motility were associ-
ated with a higher rate of unsuccessful results. The defective clearance of refluxate 
could induce an epithelial sensitization that might produce symptoms, even in the 
presence of low-volume gastroesophageal reflux. A univariate and multivariate anal-
ysis of preoperative factors influencing symptomatic outcomes of TIF by EsophyX 
was performed on data from 158 consecutive patients identified [57]. Predictors of 
successful outcomes for patients with typical symptoms have been found in the age 
≥50 years, a GERD health-related quality of life score (GERD-HRQL) on PPIs ≥15, 
a reflux symptom index >13 on PPIs, and the gastroesophageal reflux symptom score 
≥18 on PPIs. Age and GERD-HRQL remained significant predictors also at the mul-
tivariate analysis. For patients with atypical GERD symptoms only, a GERD-HRQL 
score ≥15 on PPIs was associated with successful outcomes.

7.5	 �Complications

The overall complication rate reported in studies so far available for TIF by 
EsophyX® ranges from 3 to 10 %. Major complications occurred rarely and were 
bleeding, mucosal tears or perforation requiring endoscopic intervention or surgery, 
pneumothorax, and mediastinal abscesses. The finding of free air in the abdomen 
immediately after the procedure is not always a sign of clinically relevant complica-
tions. Bleeding requiring transfusions has been reported in about 3–5 % of cases and 
can occur at the site of the helical retractor insertion. Mediastinal abscesses have 
been reported in less than 2 % of cases. No procedure-related deaths occurred. In the 
only study so far published on TIF by Medigus, minor side effects such as chest 
pain, sore throat, transient atelectasia, shoulder pain, and belching were reported in 
5.5–22 % of patients; major complications were reported in 6.2 % of cases (4 out of 
64 patients) and were pneumothorax (one case), pneumothorax and esophageal leak 
(one case), and bleeding (one case). Patients with pneumothorax and esophageal 
leak and with bleeding required intervention. All major complications occurred in 
the first 24 patients.

No late complications or long-lasting side effects occurred for both TIF 
techniques.

�Conclusions

In the last years, TIF has been performed only in clinical trials including patients 
with typical gastroesophageal reflux symptoms responsive or partially respon-
sive to PPI therapy, without hiatal hernia or with small hiatal hernia (<3 cm), 
who refused lifelong medical therapy, or were intolerant to PPIs or required high 
dosage of antisecretory maintenance therapy. Patients with grade C and D esoph-
agitis, according to Los Angeles classification and Barrett’s esophagus, were 

P.A. Testoni et al.



133

excluded from these studies. In the majority of studies, TIF was done by 
EsophyX® device and was proven effective in the short term in approximately 
75 % of patients, eliminating the daily dependence from PPIs in half PPI-
responsive GERD patients and markedly reducing the overall PPI dose in the 
other cases. Similar results were obtained more recently for TIF done with 
Medigus endostapler, but in few studies.

Such results were confirmed in studies with a follow-up up to 3 years, although 
few, and in the only follow-up up to 6 years. Troublesome procedure-related 
persisting side effects were not reported in all the published studies.

Overall outcomes showed that TIF procedure can be an effective and safe 
alternative therapeutic option to surgery in a selected subset of patients, as were 
those recruited in the published studies. In available series with 3- to 6-year fol-
low-up, post-TIF results were slightly inferior to those reported in patients oper-
ated by Nissen fundoplication, but similar to those with surgical posterior partial 
(Toupet) or anterior partial (Dor-Thal) fundoplication, without any of the sur-
gery-related side effects such as dysphagia and gas bloat.

Currently, based on clinical results, TIF may be offered as an alternative to 
surgery in patients suffering from gastroesophageal reflux disease and grade A-B 
esophagitis, if present, with the sole limitation of the length and reducibility of 
an eventual hiatal hernia, which is at present the only limiting factor affecting the 
choice of the intervention. TIF may also be offered to patients who have some 
risk of developing persistent postsurgical side effects. To date, data supporting 
the efficacy of TIF in the treatment of severe grades of esophagitis or symptoms 
associated with oropharyngeal reflux are lacking.

However, as for all new procedures introduced in clinical practice, despite 
favorable short- and medium-term outcomes, questions still arise about the long-
term efficacy of the techniques, mainly for the MUSE, in controlling symptoms 
and persistence over time of the newly created valve. Therefore, randomized 
controlled trials are warranted in order to establish the role of TIF in the manage-
ment of GERD patients, which, among the two techniques, could be more effec-
tive and safe.

In addition, preoperative patient-related anatomo-functional findings and 
procedure-related technical aspects that can help select patients and predict a 
successful outcome need to be clarified.

References

	 1.	Lundell L, Miettinen P. Continued (5 years) follow up of a randomized clinical study compar-
ing antireflux surgery and omeprazole in GERD. J Am Coll Surg. 2001;192(2):171–9. PMID: 
11220717.

	 2.	Draaisma WE, Rijnhart-de Jong HG, Broeders IA, Smout AJ, Furnee EJ, Gooszen HG. Five-
year subjective and objective results of laparoscopic and conventional Nissen fundoplication. 
Ann Surg. 2006;244(1):34–41. PMID: 16794387.

	 3.	Smith CD. Surgical therapy for gastroesophageal reflux disease: indications, evaluation and 
procedures. Gastrointest Endosc Clin N Am. 2009;19(1):35–48. PMID: 19232279.

7  Endoluminal Therapy for Treatment of Gastroesophageal Reflux Disease



134

	 4.	Broeders JA, Draaisma WA, Bredenoord AJ, Smout AJ, Broeders IA, Gooszen HG. Long-
term outcome of Nissen fundoplication in non-erosive and erosive gastro-esophageal reflux 
disease. Br J Surg. 2010;97(6):845–52. PMID: 20473997.

	 5.	Bowrey DJ, Blom D, Crookes PF, Bremner CG, Johansson JL, Lord RV, Hagen JA, DeMeester 
SR, DeMeester TR, Peters JH. Risk factors and the prevalence of trocar site herniation after 
laparoscopic fundoplication. Surg Endosc. 2001;15(7):663–6. PMID: 11591964.

	 6.	Fornari F, Sifrim D. Diagnostic options for patients with refractory GERD. Curr Gastroenterol 
Rep. 2008;10(3):283–8. PMID: 18625140.

	 7.	Triadafilopoulos G. Endotherapy and surgery for GERD. J Clin Gastroenterol. 2007;41 Suppl 
2:S87–96. PMID: 17575537.

	 8.	Portale G, Filipi CJ, Peters JH. A current assessment of endoluminal approaches to the treat-
ment of gastroesophageal reflux disease. Surg Innov. 2004;11(4):225–34. PMID: 15756391.

	 9.	Fry LC, Monkenmuller K, Malfertheiner P. Endoluminal therapy for gastroesophageal reflux 
disease: evidence from clinical trials. Eur J  Gastroenterol Hepatol. 2007;19(12):1125–39. 
PMID: 17998840.

	10.	 Institute AGA. American gastroenterological medical position statement on the management 
of gastroesophageal reflux disease. Gastroenterology. 2008;135(4):1383–91. PMID: 18789939.

	11.	Lehman GA. The history and future of implantation therapy for gastroesophageal reflux dis-
ease. Gastrointest Endosc Clin N Am. 2003;13(1):157–65. PMID: 12797435.

	12.	Feretis C, Benakis P, Dimopoulos C, Dailianas A, Filalithis P, Stamou KM, Manouras A, 
Apostolidis N. Endoscopic implantation of Plexiglas (PMMA) microsphere for the treatment 
of GERD. Gastrointest Endosc. 2001;53(4):423–6. PMID: 11275880.

	13.	Vassiliou MC, von Renteln D, Rothstein RI. Recent advances in endoscopic antireflux tech-
niques. Gastrointest Endosc Clin N Am. 2010;20(1):89–101. PMID: 19951796.

	14.	Johnson DA, Ganz R, Aisenberg J, Cohen LB, Devière J, Foley TR, Haber GB, Peters JH, 
Lehman GA. Endoscopic implantation of Enteryx for treatment of GERD: 12-month results of 
a prospective, multicenter trial. Am J Gastroenterol. 2003;98(9):1921–30. PMID: 14499767.

	15.	Johnson DA, Ganz R, Aisenberg J, Cohen LB, Deviere J, Foley TR, Haber GB, Peters JH, 
Lehman GA. Endoscopic, deep mural implantation of Enteryx for the treatment of GERD: 
6-month follow-up of a multicenter trial. Am J  Gastroenterol. 2003;98(2):250–8. 
PMID:12591037.

	16.	Ganz RA.  The future of endoscopic esophageal therapy  – what comes next. Gastrointest 
Endosc Clin N Am. 2010;20:147–59. PMID: 19951800.

	17.	Fockens P. Gatekeeper Reflux Repair System: technique, pre-clinical and clinical experience. 
Gastrointest Endosc Clin N Am. 2003;13(1):179–89. PMID: 12797437.

	18.	Fockens P, Bruno MJ, Gabbrielli A, Odegaard S, Hatlebakk J, Allescher HD, Rösch T, Rhodes 
M, Bastid C, Rey J, Boyer J, Muehldorffer S, van den Hombergh U, Costamagna G. Endoscopic 
augmentation of the lower esophageal sphincter for the treatment of gastroesophageal reflux 
disease: multicenter study of the Gatekeeper Reflux Repair System. Endoscopy. 
2004;36(8):682–9. PMID: 15280972.

	19.	Triadafilopoulos G, Utley DS.  Temperature-controlled radiofrequency energy delivery for 
gastro-esophageal reflux disease: the Stretta procedure. J  Laparoendosc Adv Surg Tech A. 
2001;11(6):333–9. PMID: 11814123.

	20.	Corley DA, Katz P, Wo JM, Stefan A, Patti M, Rothstein R, Edmundowicz S, Kline M, Mason R, 
Wolfe MM. Improvement of gastro-esophageal reflux symptoms after radiofrequency energy: a 
randomized, sham-controlled trial. Gastroenterology. 2003;125(3):668–76. PMID: 12949712.

	21.	Yeh RW, Triadafilopoulos G.  Endoscopic antireflux therapy: the Stretta procedure. Thorac 
Surg Clin. 2005;15(3):395–403. PMID: 16104130.

	22.	Di Baise JK, Brand RE, Quigley EM.  Endoluminal delivery of radiofrequency energy to 
gastro-esophageal junction in uncomplicated GERD: efficacy and potential mechanisms of 
action. Am J Gastroenterol. 2002;97(4):833–42. PMID: 12003416.

	23.	Galmiche JP, Bruley des Varannes S. Endoluminal therapies for gastroesophageal reflux dis-
ease. Lancet. 2003;361(9363):1119–21. PMID: 12672327.

	24.	Franciosa M, Triadafilopoulos G, Mashimo H. Stretta radiofrequency treatment for GERD: a 
safe and effective modality. Gastroenterol Res Pract. 2013;2013:783815. PMID: 24078808.

P.A. Testoni et al.



135

	25.	Chen D, Barber C, McLoughlin P, Thavaneswaran P, Jamieson GG, Maddern GJ. Systematic 
review of endoscopic treatments for gastro-esophageal reflux disease. Br J  Surg. 
2009;96(2):128–36. PMID: 19160349.

	26.	Perry KA, Banerjee A, Melvin WS. Radiofrequency energy delivery to the lower esophageal 
sphincter reduces esophageal acid exposure and improves GERD symptoms: a systematic review 
and meta-analysis. Surg Laparosc Endosc Percutan Tech. 2012;22(4):283–8. PMID: 22874675.

	27.	Dughera L, Rotondano G, De Cento M, Cassolino P, Cisarò F. Durability of stretta radiofre-
quency treatment for GERD: results of an 8-year follow-Up. Gastroenterol Res Pract. 
2014;2014:531907. PMID: 24959175.

	28.	Auyag ED, Carter P, Rauth T, Fanelli RD, SAGES Guidelines Committee. SAGES clinical 
spotlight review: endoluminal treatments for gastroesophageal reflux disease (GERD). Surg 
Endosc. 2013;27(8):2658–72. PMID: 23801538.

	29.	Schiefke I, Zabel-Langhennig A, Neumann S, Feisthammel J, Moessner J, Caca K. Long term 
failure of endoscopic gastroplication (EndoCinch). Gut. 2005;54(6):752–8. PMID: 15888777.

	30.	Schwartz MP, Wellink H, Gooszen HG, Conchillo JM, Samsom M, Smout AJ. Endoscopic 
gastroplication for the treatment of gastroesophageal reflux disease: a randomized, sham-
controlled trial. Gut. 2007;56(1):20–8. PMID: 16763053.

	31.	Mahmood Z, Byrne PJ, McMahon BP, Murphy EM, Arfin Q, Ravi N, Weir DG, Reynolds 
JV. Comparison of transesophageal endoscopic placation (TEP) with laparoscopic Nissen fun-
doplication (LNF) in the treatment of uncomplicated reflux disease. Am J  Gastroenterol. 
2006;101(3):431–6. PMID: 16542276.

	32.	Schiefke I, Neumann S, Zabel-Langhennig A, Moessner J, Caca K.  Use of an endoscopic 
suturing device (the “ESD”) to treat patients with gastroesophageal reflux disease, after unsuc-
cessful EndoCinch endoluminal gastroplication: another failure. Endoscopy. 2005;37(8):700–
5. PMID: 16032486.

	33.	Chuttani R. Endoscopic full-thickness plication: the device, technique, pre-clinical and early 
clinical experience. Gastrointest Endosc Clin N Am. 2003;13(1):109–16. PMID: 12797431.

	34.	von Renteln D, Schiefke I, Fuchs KH, Raczynski S, Philipper M, Breithaupt W, Caca K, 
Neuhaus H. Endoscopic full-thickness plication for the treatment of GERD by application of 
multiple Plicator implants: a multicenter study (with video). Gastrointest Endosc. 
2008;68(5):833–44. PMID: 18534586.

	35.	von Renteln D, Schiefke I, Fuchs KH, Raczynski S, Philipper M, Breithaupt W, Caca K, 
Neuhaus H. Endoscopic full-thickness plication for the treatment of gastroesophageal reflux 
disease using multiple Plicator implants: 12-month multicenter study results. Surg Endosc. 
2009;23(8):1866–75. PMID: 19440792.

	36.	Pleskow D, Rothstein R, Kozarek R, Haber G, Gostout C, Lo S, Hawes R, Lembo A. Endoscopic 
full-thickness placation for the treatment of GERD: five-year long-term multicenter results. 
Surg Endosc. 2008;22(2):326–32. PMID: 18027032.

	37.	Ozawa S, Yoshida M, Kumai K, Kitajima M. New endoscopic treatments for gastroesophageal 
reflux disease. Ann Thorac Cardiovasc Surg. 2005;11(3):146–53. PMID: 16030472.

	38.	Bell RC, Cadière GB. Transoral rotational esophagogastric fundoplication: technical, anatomi-
cal, and safety considerations. Surg Endosc. 2011;25(7):2387–99. PMID: 21184101.

	39.	Cadière GB, Buset M, Muls V, Rajan A, Rösch T, Eckardt AJ, Weerts J, Bastens B, Costamagna 
G, Marchese M, Louis H, Mana F, Sermon F, Gawlicka AK, Daniel MA, Devière J. Antireflux 
transoral incisionless fundoplication using EsophyX: 12-month results of a prospective multi-
center study. World J Surg. 2008;32(8):1676–88. PMID: 18443855.

	40.	Bergman S, Mikami DJ, Hazey JW, Roland JC, Dettorre R, Melvin WS. Endolumenal fundo-
plication with Esophyx: the initial North American experience. Surg Innov. 2008;15(3):166–
70. PMID: 18757375.

	41.	Cadière GB, Van Sante N, Graves JE, Gawlicka AK, Rajan A. Two-year results of a feasibility 
study on antireflux transoral incisionless fundoplication using Esophyx. Surg Endosc. 
2009;23(5):957–64. PMID: 19288158.

	42.	Testoni PA, Corsetti M, Di Pietro S, Castellaneta AG, Vailati C, Masci E, Passaretti S. Effect 
of transoral incisionless fundoplication on symptoms, PPI use, and pH-impedance refluxes of 
GERD patients. World J Surg. 2010;34(4):750–7. PMID: 20091308.

7  Endoluminal Therapy for Treatment of Gastroesophageal Reflux Disease



136

	43.	Demyttenaere SV, Bergman S, Pham T, Anderson J, Dettorre R, Melvin WS, Mikami 
DJ. Transoral incisionless fundoplication for gastro-esophageal reflux disease in an unselected 
patient population. Surg Endosc. 2010;24(4):854–8. PMID: 19730949.

	44.	Velanovich V. Endoscopic, endoluminal fundoplication for gastroesophageal reflux disease: 
initial experience and lesson learned. Surgery. 2010;148(4):646–51. PMID: 20708763.

	45.	Repici A, Fumagalli U, Malesci A, Barbera R, Gambaro C, Rosati R. Endoluminal fundoplica-
tion (ELF) for GERD using Esophyx: a 12-month follow-up in a single-center experience. 
J Gastrointest Surg. 2010;14(1):1–6. PMID: 19902310.

	46.	Hoppo T, Immanuel A, Schuchert M, Dubrava Z, Smith A, Nottle P, Watson DI, Jobe 
BA. Transoral incisionless fundoplication 2.0 procedure using EsophyX™ for gastroesopha-
geal reflux disease. J Gastrointest Surg. 2010;14(12):1895–901. PMID: 20878257.

	47.	Bell RC, Freeman KD. Clinical and pH-metric outcomes of transoral esophagogastric fundo-
plication for the treatment of gastroesophageal reflux disease. Surg Endosc. 2011;25(6):1975–
84. PMID: 21140170.

	48.	 Ihde GM, Besancon K, Deljkich E. Short-term safety and symptomatic outcomes of transoral 
incisionless fundoplication with or without hiatal hernia repair in patients with chronic gastro-
esophageal reflux disease. Am J Surg. 2011;202(6):740–6. PMID: 22014853.

	49.	Frazzoni M, Conigliaro R, Manta R, Melotti G. Reflux parameters as modified by EsophyX or 
laparoscopic fundoplication in refractory GERD. Aliment Pharmacol Ther. 2011;34(1):67–75. 
PMID: 21539587.

	50.	Petersen R, Filippa L, Wassenaar EB, Martin AV, Tatum R, Oelschlager BK. Comprehensive 
evaluation of endoscopic fundoplication using the Esophyx device. Surg Endosc. 
2012;26(4):1021–7. PMID: 22042587.

	51.	Trad KS, Turgeon DG, Deljkich E. Long-term outcomes after transoral incisionless fundopli-
cation in patients with GERD and LPR symptoms. Surg Endosc. 2012;26(3):650–60. PMID: 
21959689.

	52.	Barnes WE, Hoddinott KM, Mundy S, Williams M.  Transoral incisionless fundoplication 
offers high patient satisfaction and relief of therapy-resistant typical and atypical symptoms of 
GERD in community practice. Surg Innov. 2011;18(2):119–29. PMID: 21307014.

	53.	Testoni PA, Vailati C, Testoni S, Corsetti M. Transoral incisionless fundoplication (TIF 2.0) 
with Esophyx for gastroesophageal reflux disease: long-term results and findings affecting 
outcome. Surg Endosc. 2012;26(5):1425–35. PMID: 22170317.

	54.	Muls V, Eckardt AJ, Marchese M, Bastens B, Buset M, Devière J, Louis H, Rajan A, Daniel 
MA, Costamagna G. Three-year results of a multicenter prospective study of transoral inci-
sionless fundoplication. Surg Innov. 2013;20(4):321–30. PMID: 22968006.

	55.	Bell RC, Mavrelis PG, Barnes WE, Dargis D, Carter BJ, Hoddinott KM, Sewell RW, Trad KS, 
DaCosta GB, Ihde GM. A prospective multicenter registry of patients with chronic gastro-
esophageal reflux disease receiving transoral incisionless fundoplication. J  Am Coll Surg. 
2012;215(6):794–809. PMID: 22939637.

	56.	Testoni PA, Testoni S, Mazzoleni G, Vailati C, Passaretti S. Long-term efficacy of transoral 
incisionless fundoplication with Esophyx (TIF 2.0) and factors affecting outcomes in GERD 
patients followed for up to 6 years: a prospective single-center study. Surg Endosc. 
2015;29(9):2770–80. PMID: 25480624.

	57.	Bell RC, Fox MA, Barnes WE, Mavrelis PG, Sewell RW, Carter BJ, Ihde GM, Trad KS, Dargis 
D, Hoddinott KM, Freeman KD, Gunsberger T, Hausmann MG, Gill BD, Wilson E. Univariate 
and multivariate analysis of preoperative factors influencing symptomatic outcomes of tran-
soral fundoplication. Surg Endosc. 2014;28(10):2949–58. PMID: 24879134.

	58.	Trad KS, Barnes WE, Sirnoni G, Shughoury AB, Mavrelis PG, Raza M, Heise JA, Turgeon 
DG, Fox MA. Transoral incisionless fundoplication effective in eliminating GERD symptoms 
in partial responders to proton pump inhibitor therapy at 6 months: the TEMPO randomized 
clinical trial. Surg Innov. 2015;22(1):26–40. PMID: 24756976.

	59.	Hunter GJ, Kahrilas PJ, Bell RC, Wilson EB, Trad KS, Dolan JP, Perry KA, Oelschlager BK, 
Soper NJ, Snyder BE, Burch MA, Melvin WS, Reavis KM, Turgeon DG, Hungness ES, Diggs 

P.A. Testoni et al.



137

BS. Efficacy of transoral fundoplication vs omeprazole for treatment of regurgitation in a ran-
domized controlled trial. Gastroenterology. 2015;148(2):324–33. PMID: 25448925.

	60.	Svoboda P, Kantorová I, Kozumplík L, Scheer P, Radvan M, Radvanová J, Krass V, Horálek 
F.  Our experience with transoral incisionless plication of gastroesophageal reflux disease: 
NOTES procedure. Hepatogastroenterology. 2011;58(109):1208–13. PMID: 21937380.

	61.	Bell RC, Hufford RJ, Fearon J, Freeman KD. Revision of failed traditional fundoplication 
using Esophyx transoral fundoplication. Surg Endosc. 2013;27(3):761–7. PMID: 23052519.

	62.	Zacheri J, Roy-Shapira A, Bonavina L, Bapaye A, Kiesslich R, Schoppmann SF, Kessler WR, 
Selzer DJ, Broderick RC, Lehman GA, Horgan S. Endoscopic anterior fundoplication with the 
Medigus Ultrasonic Surgical Endostapler (MUSE) for gastroesophageal reflux: 6-month 
results from a multi-center prospective trial. Surg Endosc. 2015;29(1):220–9. PMID: 
25135443.

	63.	Roy-Shapira A, Bapaye A, Date S, Pujari R, Dorwat S. Trans-oral anterior fundoplication: 
5-year follow-up of pilot study. Surg Endosc. 2015;29(12):3717–21. PMID: 25783833.

	64.	Fumagalli Romario U, Barbera R, Repici A, Porta M, Malesci A, Rosati R. Nissen fundoplica-
tion after failure of endoluminal fundoplication: short-term results. J  Gastrointest Surg. 
2011;15(3):439–43. PMID: 21207179.

	65.	Furnée EJ, Broeders JA, Draaisma WA, Schwartz MP, Hazebroek EJ, Smout AJ, van Rijn PJ, 
Broeders IA.  Laparoscopic Nissen fundoplication after failed Esophyx fundoplication. Br 
J Surg. 2010;97(7):1051–5. PMID: 20632271.

7  Endoluminal Therapy for Treatment of Gastroesophageal Reflux Disease



139© Springer International Publishing Switzerland 2017
R. Conigliaro, M. Frazzoni (eds.), Diagnosis and Endoscopic Management  
of Digestive Diseases, DOI 10.1007/978-3-319-42358-6_8

J.L. Maranki, MD, MSc 
Division of Gastroenterology and Hepatology, Temple University School of Medicine, 
Philadelphia, PA, USA 

R. Modayil, MD 
Division of Gastroenterology and Hepatology, Winthrop University Hospital,  
Mineola, NY, USA 

S.N. Stavropoulos, MD (*) 
Program for Advanced GI Endoscopy (PAGE), Winthrop University Hospital,  
Mineola, NY, USA 

Columbia University College of Physicians and Surgeons, New York, NY, USA 

Temple University School of Medicine, Philadelphia, PA, USA
e-mail: sstavropoulos@winthrop.org

8The Point on the POEM: Comparison 
Between Different Techniques 
and Outcomes

Jennifer L. Maranki, Rani Modayil, 
and Stavros N. Stavropoulos

8.1	 �Introduction

Peroral endoscopic myotomy (POEM) has emerged as a natural orifice transluminal 
endoscopic surgery (NOTES) alternative to laparoscopic Heller myotomy (LHM) 
for the treatment of achalasia. Since the first human POEM, performed in Yokohama, 
Japan, by Haruhiro Inoue and reported in 2009, POEM has enjoyed explosive 
growth and became the subject of comprehensive documents by the major US endo-
scopic societies, the American Society for Gastrointestinal Endoscopy (ASGE) and 
Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) [1, 2].

8.2	 �Standard Technique

The standard POEM technique involves four main steps (see Figs. 8.1 and 8.2). 
First, a submucosal injection with saline and indigo carmine along either the 
anterior or posterior esophagus is made several centimeters proximal to the 
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Fig. 8.1  (a) Submucosal injection is performed with saline stained with indigo carmine. (b) 
Mucosotomy is performed along the right anterior wall of the esophagus. (c) Submucosal dissec-
tion is performed with hybrid knife. (d) Vessels noted during dissection in the submucosal tunnel 
are coagulated. (e) Myotomy is initiated 2 cm below site of mucosotomy. (f) Full-thickness myot-
omy is extended to gastric cardia. (g). Final full-thickness myotomy is seen as endoscope is with-
drawn from the submucosal tunnel. (h) Mucosotomy is closed with endoscopic clips
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g h
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gastroesophageal junction (GEJ). Next, using the submucosal tunnel technique 
initially developed by Sumiyama and Gostout, a mucosotomy is created, and the 
submucosa is dissected, creating a submucosal tunnel [3]. The submucosal tun-
nel is extended into the cardia of the stomach. The myotomy is initiated 2 cm 
distal to the mucosotomy. The lower esophageal sphincter (LES) myotomy is 
completed. The submucosal tunnel mucosotomy site is then closed with either 
hemoclips or endoscopic suturing (see Fig. 8.3) [4].

8.2.1	 �Variations in Technique

Among high-volume centers, there are variations in the technique of POEM, 
including in the orientation (e.g., “anterior” vs “posterior”) and thickness of the 
myotomy (full-thickness vs circular-layer-only myotomy) (see Figs.  8.4 and 
8.5), and devices used for dissection (see Fig. 8.7) and for tunnel closure (see 
Fig. 8.3) [1].

Fig. 8.2  (a) Prior to POEM, there is evidence of a tightly puckered LES. (b) Submucosal injection 
is performed with saline stained with indigo carmine. (c) Mucosotomy is performed along the right 
posterior wall of the esophagus. (d) Submucosal dissection is performed with hybrid knife and 
submucosal vessels are coagulated. (d) Submucosal tunnel is extended into the gastric cardia. (e) 
Myotomy is initiated 2 cm below site of mucosotomy. (f) Final full-thickness myotomy is seen as 
endoscope is withdrawn from the submucosal tunnel. (e) Mucosotomy is closed with an endo-
scopic suturing device. (f) After POEM, the LES appears patulous

a b

c d
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e f

g h

i

Fig. 8.2  (continued)

Fig. 8.3  A Closure of POEM tunnel orifice in a posterior POEM with the tunnel opening at the 
5 o’clock position. (a) We use a single running suture for closure starting at the distal, left margin 
of the defect as shown here. (b) We attempt to penetrate mucosa and submucosa but not muscularis 
propria to avoid ischemia and pain or even possible injury to mediastinal structures. (c) We pro-
ceed with suture placement through the right margin of the defect. (d) The single running suture 
has been completed and has approximated the edges of the defect, and the needle has been dropped 
in order to serve as a T-tag securing the suture at the proximal end of the defect. (e–f) The cinch 
catheter is inserted over the long suture leading to the start of the running suture in the distal end 
of the defect; the suture is tightened and the cinch is deployed securing the suture at the start of the 
suture line in the distal end of the defect. (g) Completed closure of mucosotomy with endoscopic 
suturing. (h) For comparison purposes, we show here closure of the tunnel with endoscopic clips

J.L. Maranki et al.
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Fig. 8.4  Demonstrates for illustration purposes full-thickness myotomy and circular-layer-only 
myotomy in the same patient. In the initial portion of the myotomy, the circular muscle is dissected 
and the longitudinal muscle layer is preserved, whereas more distally full-thickness myotomy has 
been performed with visualization of the adventitia

a b

c d

Fig. 8.5  Partial versus full-thickness myotomy. (a) Posterior myotomy. The cut edges of the cir-
cular muscle are seen between 5 and 8 o’clock, and the longitudinal muscle layer is preserved. (b) 
Posterior myotomy. Full-thickness myotomy is performed exposing the adventitia/mediastinal 
pleura which appears as a transparent thin membrane through which the right lung can be visual-
ized. (c) Anterior myotomy. The cut edges of the circular muscle are seen between 2 and 4 o’clock, 
and the longitudinal muscle layer is preserved. (d) Anterior myotomy. Full-thickness myotomy is 
performed exposing the adventitia and pericardium that appear as a thin transparent membrane
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8.3	 �Orientation

The orientation of POEM can vary depending on the practice of various centers but 
also depending on esophageal lesions such as diverticula or ulcerations, sigmoidiza-
tion, or scarring from a prior myotomy that can force a certain orientation indepen-
dent of the individual preference of the operator. In general a typical anterior 
myotomy is performed at 2 o’clock using the usual convention (the orientation that 
results in a myotomy that is centered along the clasp fibers at the lesser curvature of 
the EGJ and cardia) (see Fig. 8.1). A posterior myotomy is typically performed at 
5–6 o’clock (just to the right of the spine) (see Fig. 8.2). A greater curvature myot-
omy at the 8 o’clock position has also been reported [5]. The anterior, or lesser 
curvature (LC), approach was initially adopted during the development of POEM as 
it reflects the surgical Heller myotomy approach, with access to the gastroesopha-
geal junction from the ventral surface. The POEM procedure with this anterior, 
lesser curvature myotomy (at the 2 o’clock position) has shown excellent results 
[6–9]. However, excellent results have also been reported by centers that favor a 
posterior approach [10, 11]. It has been proposed that one of the benefits of the 
anterior approach is that the sling fibers, a natural reflux barrier supporting the angle 
of His, are not disrupted, thereby helping to minimize post-procedural gastroesoph-
ageal reflux disease (GERD) [5, 12]. However, data supporting the validity of this 
hypothesis are still lacking. Our group is currently near completion of enrollment of 
patients in a single-center randomized study comparing anterior and posterior ori-
entation. Furthermore, we recently presented preliminary data from a comparison of 
anterior and posterior POEMs in our large single-operator series using data from a 
prospectively maintained database (Stavropoulos SN, et al. Gastrointestinal 
Endoscopy. 81(5):Supp AB 188–119). In this study we analyzed all POEMs per-
formed at our center, 248 consecutive POEMs (120 anterior, 128 posterior), all suc-
cessfully completed, with no aborted POEMs or surgical conversions, between 
10/2009 and 10/2015. No learning curve bias expected as we performed a similar 
percentage of anterior POEMs in the first 3 years of our series (48/91, 53 %), as in 
the last 2 years (72/157 46 %). There were no differences in the Eckardt score, 
including failures (post-POEM Eckardt score >3, 5/110 A vs 4/117 P, NS), acciden-
tal mucosal injuries including nontransmural minor blanching (29 % vs 23 %), with 
prolonged stay of >5 days (one patient in each group). There was no difference in 
significant AEs, but it should be noted that there was paucity of such events in our 
series with no leaks, no tunnel bleeds, and no surgical/IR interventions. Posterior 
POEM was significantly faster overall (97 min A, 79 min P, P = 0.0007) including a 
faster closure (suturing 177, clips 71) (9.6 min A, 7.9 min P, P = 0.02). More patients 
had pain requiring narcotics in posterior POEM (17 % A vs 27 % P, P = 0.007). 
There was a trend for less acid exposure in anterior POEM: +BRAVO studies 21/58 
(36 %) A vs 29/58 (50 %) P, P = 0.13, reflux esophagitis 22/57 (38 %) A vs 33/60 
(55 %) P, P = 0.076. Based on these results, we calculated a sample size of 120 
(including 20 % dropout) for an anterior vs posterior randomized trial to demon-
strate that posterior POEM is faster. However, a larger number may be required to 
demonstrate a difference in incidence of reflux at 95 % confidence. We have 
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currently enrolled 94 pts in this RCT. Therefore, high-quality data comparing these 
two approaches should be forthcoming in the near future.

Nevertheless, currently there is no consensus regarding the optimal orientation. 
The international POEM survey (IPOEMS) [13] revealed that as early as 2013, 
several pioneering centers performed myotomy in orientations other than the ante-
rior 2 o’clock orientation (see Fig. 8.6). Notably the center with the highest POEM 
volume and fastest procedure times (Zhongshan Hospital, Shanghai) favored a pos-
terior 5–6 o’clock orientation. The operators at this center favor the posterior 
approach due to their belief that performing the myotomy posteriorly is technically 
easier and thus potentially faster and safer. Our data presented above certainly sup-
port this contention. In the posterior approach, the muscle incision occurs directly 
along the long axis of the endoscope since the endoscope lies posteriorly in the 
esophagus due to gravity and has its therapeutic channel (from which the dissection 
knife exits) posteriorly (at the 7 o’clock position on the tip of the endoscope). By 
contrast during an anterior myotomy, the myotomy plane is located across from the 
endoscope, which, in the usual technique, causes the myotomy to proceed by hook-
ing and cutting sequentially bundles of muscle fibers which results in slower com-
pletion of the myotomy [14]. Haruhiro Inoue, one of the operators who has strongly 
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favored an anterior POEM orientation, has noted recently, anecdotally, that he 
believes that there may be a higher preponderance of large paraesophageal and para-
gastric vessels in the EGJ and cardia anteriorly, a concern that in at least certain situ-
ations may favor a posterior approach.

As noted above in patients with lesions such as large diverticula, these lesions 
force an orientation located away from the lesion. Similarly, in patients that have 
previously undergone failed myotomy laparoscopically or perorally, there may be 
significant scar tissue in the orientation of the prior myotomy making re-do myot-
omy via POEM more technically difficult. In these cases, a posterior orientation 
[15] or even a greater curvature (GC) orientation in the 8 o’clock position [5] pro-
vides a path that avoids the prior scar tissue. It has also been suggested that a GC 
orientation allows clear identification of the LES because of the angle of His which 
is located along the greater curve [5]. In 2015 Onimaru and colleagues reported 
their experience with 21 achalasia patients who underwent POEM with GC myot-
omy. They were successful in identifying the angle of His in all patients, and they 
achieved significant reductions in LES pressures and Eckardt scores after the proce-
dure. They deemed GC POEM to be safe as no adverse events were observed. 
However, reflux esophagitis was documented in 52 %, with clinical GERD symp-
toms occurring in 9.5 %, in all of whom they were controlled with proton pump 
inhibitor (PPI) therapy [5]. It should be noted, however, that a GC myotomy is 
substantially more challenging than an anterior or posterior myotomy and is also 
potentially riskier in that it involves dissection of the esophagus in close proximity 
to the aorta. Therefore, this technique should be employed by expert POEM opera-
tors only when an anterior or posterior orientation is not possible due to lesions or 
scar tissue from prior manipulations.

8.4	 �Depth of Myotomy

Another modification in the technique of POEM is to perform a full-thickness 
myotomy rather than a myotomy limited to the circular muscle as advocated by 
Haruhiro Inoue (see Figs. 8.4 and 8.5). Preservation of the longitudinal muscle 
has been recommended to avoid entering the pleural space, but in practice, limit-
ing the myotomy to the circular muscle is challenging, as the longitudinal muscle 
layer is often very thin and easily breached by air insufflation, mechanical trauma 
from the endoscope, or electrocautery damage [14]. Further, for long-term reduc-
tion in LES pressure, full-thickness myotomy, as is performed with a Heller myot-
omy, may be beneficial. In the largest series comparing the two techniques, Li et 
al. in 2013 reported their retrospective study with 103 patients undergoing full-
thickness myotomy and 131 patients receiving circular myotomy. Full-thickness 
procedure times were faster, but short-term symptom relief and manometry out-
comes were comparable between the two groups, and there was no difference in 
complication rates [10]. Similarly, Duan et al. reported faster procedure times, 
comparable treatment success rates, and no increase in adverse events with full-
thickness myotomy [16].
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8.5	 �Tools

The conventional technique of POEM uses standard injection needle for creation of 
the submucosal space and a cutting knife, such as the triangle-tip (TT) knife 
(Olympus Corp, Tokyo, Japan) (see Fig. 8.7a) for submucosal dissection and myot-
omy. The injection needle and knife are repeatedly exchanged through the working 
channel of the scope to allow for adequate submucosal cushioning and subsequent 
dissection [6]. Another technical modification that has been made to the original 
POEM procedure is the water-jet-assisted POEM, using a combined injection/cut-
ting knife (HybridKnife (HK), ERBE, Tubingen, Germany) (see Fig. 8.7b). This 
device allows injection and dissection in a single instrument [17]. In their random-
ized controlled trial of 100 patients comparing POEM performed with the TT knife 
versus the HK, Zhou’s group reported that the hybrid knife produced significant 
decreases in POEM procedure time (22.9 vs 35.9 min (p < 0.0001) and fewer minor 
bleeding episodes, with no differences in complications of treatment success [17]. 
This improvement in procedure times was mostly attributed to less replacement of 
accessories. Even though our group has consistently used the hybrid knife to per-
form tunnel dissection and full-thickness myotomy for all but the first 18 cases of 
our series (currently numbering 290 POEMs), in our initial POEMs in 2009, when 
no specialized ESD knives were available in the USA, we employed a balloon infla-
tion technique for submucosal tunnel creation. This technique was described in 
detail at our 2010 GIE case report with video demonstration of our first POEM (and 
also the first POEM to be performed anywhere outside of Japan) [18]. In brief, after 
initial submucosal saline injection and mucosal incision to allow entry into the sub-
mucosal space, we performed blunt insertion of a 5.5 cm long, 12 mm diameter 

a b

Fig. 8.7  (a) Triangle-tip knife Olympus Corp., Tokyo, Japan. (b) HybridKnife, ERBE, Tubingen, 
Germany
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dilation balloon (CRE wire-guided dilator; Boston Scientific, Marlborough, MA, 
USA) followed by dilation of the submucosa to 12 mm. The endoscope was then 
inserted to the distal terminus of the tunnel created by the dilation, and the process 
was repeated two or three additional times extending the tunnel to the gastric cardia. 
This technique results in rapid creation of the tunnel within 5–10 min (much faster 
than what can be achieved by the standard electrosurgical dissection using an ESD 
knife). However, this technique carries the risk of inadvertent insertion of the bal-
loon through the mucosa or muscularis propria during the blunt insertion stage, 
which would result in perforation. Because of this risk, we rapidly transitioned to 
electrosurgical dissection after the first few POEMs. The technique however does 
carry promise as it results in rapid and relatively bloodless submucosal tunneling 
and could provide a superior alternative with properly designed balloons that lack 
the stiffness of CRE balloons and allow more precise and safe dissection through 
submucosal tissue and do so even in settings with significant submucosal fibrosis 
(e.g., POEM after extensive prior Botox injections). Christopher Gostout has been 
a stalwart advocate of this technique even for ESD [19]. Anecdotally the Oregon 
Clinic group has used this technique for the initial portion of the tunnel to facilitate 
endoscope insertion into the submucosal space, and some other groups reportedly 
use biliary balloons or even biopsy forceps (repeatedly inserting the forceps and 
opening its jaws) to create the submucosal tunnel without any electrosurgical 
energy, but peer-reviewed publications are lacking.

8.6	 �Techniques for Mucosal Closure

Closure of the submucosal flap is another area of modification from the original 
POEM procedure. Reliable closure of the mucosal site is critical in preventing leak-
age of esophageal contents into the peritoneal space. Most groups use hemostatic 
clips to approximate the edges of the tunnel entry site [6, 7, 20, 21]. Saxena et al. 
describe their experience using an over-the-scope clipping device (OTSC, Ovesco 
Endoscopy AG, Tubingen, Germany) in two patients. In both patients, initial attempt 
at closure using hemostatic clips was unsuccessful but OTSC closure was success-
ful [22]. Swanstrom’s group at the Oregon Clinic reported a retrospective case-
controlled study evaluating closure with hemostatic clips versus endoscopic suturing 
using the Apollo OverStitch device [23]. Of the 124 POEM cases assessed, endo-
scopic suturing was employed in 10 (8 %). Five cases were included in the study and 
were matched to five cases using conventional clip methods. No complications were 
noted in either group, and postoperative contrast esophagrams were negative in all 
patients. Closure time was shorter for the endoscopic clip group (16 +/− 12 min) as 
compared to the OverStitch device group (33 +/− 11 min), p = 0.044. The very long 
median closure time with endoscopic suturing is not explained and was the main 
reason for a cost advantage with endoscopic clips (the device costs were not too 
dissimilar with the OR time difference accounting for most of the cost difference 
according to the authors). The authors concluded that endoscopic suturing seems 
best suited for cases of difficult mucosotomy closure [23]. A larger, retrospective 
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study by our group at Winthrop, to avoid learning curve bias from early cases, com-
pared the most recent 25 consecutive closures of the mucosotomy with clips to the 
most recent 25 consecutive closures with OverStitch. There were no significant dif-
ferences in closure time (8.8 min for endoclips and 10.1 min for OverStitch), cost 
($916 versus $818), and hospital stay (1.9 days versus 1.7 days) [24].

8.7	 �Technique of Simultaneous Tunnel and Muscle 
Dissection

In 2015 Liu reported on a new technique for accomplishing the POEM procedure 
that combines the steps of submucosal tunneling and myotomy. The procedure was 
performed in two patients, with an average procedure time of 24 min with less 
bleeding. The authors hypothesized based on these very preliminary findings that 
the simultaneous cutting of the submucosa and muscularis propria may result in a 
more efficient procedure [25].

8.8	 �Distal to Proximal (“Retrograde”) Myotomy

The conventional POEM is performed in antegrade fashion: the submucosal tunnel is 
created several centimeters proximal to the GEJ and extended beyond the GEJ into the 
cardia. The subsequent myotomy is similarly initiated proximally and extended dis-
tally into the cardia. Ponsky and colleagues reported on their experience with “retro-
grade myotomy” in five patients, initiating the myotomy at the distal end of the 
submucosal tunnel, in the cardia, and proceeding in “retrograde” fashion to perform 
the myotomy across the GEJ extending it to approximately 3 cm distal to the mucoso-
tomy forming the entry to the tunnel [26]. The authors felt that this approach resulted 
in an easier, faster procedure. We have occasionally utilized this technique in patients 
with extremely tight LES in whom the sphincter could “shut the endoscope out of the 
cardia” during proximal to distal myotomy, requiring forceful forward pressure which 
may not be as effective in the presence of a partially completed proximal myotomy 
that may allow “buckling” of the endoscope into the mediastinum. We do not recom-
mend this “retrograde” myotomy technique for routine use due to its increased risk as 
the knife is cutting away from the esophageal lumen (toward the mediastinum/perito-
neum) and there is limited visualization of the tissue to be cut since the leading edge 
of the incision is hidden by the muscle tissue yet to be cut.

8.9	 �Techniques for Confirming Adequate Cardiomyotomy

One of the key issues in the POEM procedure is ensuring that the submucosal tunnel 
has been extended 2–3 cm beyond the GEJ into the cardia to ensure complete abla-
tion of the LES high-pressure zone. A variety of indicators that suggest that the GEJ 
or cardia has been reached include: 
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	1.	 Endoscopic measurements (using the markers on the endoscope to measure 
depth of insertion from the incisors)

	2.	 Narrowing of the submucosal space at the GEJ with resistance to endoscope 
insertion caused by the LES followed by prompt expansion of the submucosal 
space in the cardia with increased overall vascularity of the submucosa

	3.	 Slender palisading vessels along the mucosal flap, indicating the distal-most 
aspect of the esophagus

	4.	 Spindle-like veins on the surface of the muscularis propria near the GEJ
	5.	 Large-caliber arborizing, perforating vessels in the cardia, usually branches of 

the left gastric artery
	6.	 Aberrant inner longitudinal muscle bundles at the GEJ originating from circular 

muscle fibers and inserting into circular muscle fibers after a short course of 
2–3 cm

	7.	 Visualization of a blue hue on intraluminal inspection of the mucosa of the car-
dia (due to the blue color of the injectate) [1]

A transillumination auxiliary technique, initially described by Baldaque-Silva 
and colleagues, allows confirmation that the tunnel was extended into the cardia by 
inserting transnasally an ultrathin endoscope, in parallel with the orally inserted 
gastroscope used to perform the POEM procedure. The ultrathin scope is advanced 
to the level of the stomach and placed in the retroflexed position with visualization 
of the cardia, while the gastroscope is kept within the tunnel with its tip at the tunnel 
terminus. The light intensity of the thin endoscope is diminished, and the light from 
the gastroscope within the submucosal tunnel is identified, thereby confirming its 
position in the cardia [27]. Inoue’s group compared this technique to conventional 
identification of the cardia by the indicators listed above in a prospective random-
ized controlled trial with 100 consecutive achalasia patients undergoing 
POEM. POEM was completed with high rates of technical and clinical success in 
both groups, with low adverse events, but the double-scope transillumination group 
had myotomy extension in 34 % of cases, which led to an increase in the length of 
the cardiomyotomy from 2.6 to 3.2 cm (p = 0.01) [28]. Despite the extension of the 
myotomy in a third of the patients in the transillumination group (suggesting that 
the final length of the cardiomyotomy of the control group may have not been of 
adequate length in a third of patients), there were no differences in clinical success 
rates, and no differences in post-procedure GERD, thus raising doubts about the 
clinical significance of these findings. Some drawbacks of this technique are that it 
may require two operators, is cumbersome, requiring a second endoscopy tower and 
endoscope, and adds significant time to the procedure (17 min in this study). 
However, this technique may be beneficial for difficult cases such as those on 
patients with sigmoid end-stage achalasia or for operators early on the POEM learn-
ing curve.

Another technique for reliably identifying an adequate myotomy extension into 
the cardia involves the use of fluoroscopy. Kumbhari reported using either a hemo-
clip attached to the GEJ or the fluoroscopically guided placement of a 19-gauge 
needle on the skin at the level of the GEJ to help accurately assess the length of the 
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myotomy in 24 consecutive patients undergoing the POEM procedure. Based on the 
fluoroscopic information, the submucosal tunnel was extended in 21 % of patients, 
with minor increases in procedure time (4 min for the hemoclip group and 2 min for 
the 19-gauge needle group) [29]. Others have used fluoroscopy for reorienting the 
submucosal tunnel in a downward direction, particularly in cases of sigmoid acha-
lasia esophagus [30]. It should be noted, however, that these techniques require 
performing POEMs in a fluoroscopy room tying up this room for at least 2 h. Given 
the small benefit of this technique, which would be expected to be even smaller after 
the early portion of the POEM learning curve, it is unclear whether this would rep-
resent appropriate resource utilization in busy endoscopy suites with one or two 
fluoroscopy rooms.

8.10	 �Functional Assessment to Ensure Adequacy of the 
Myotomy

Real-time measurement of the GEJ distensibility with a balloon-based imaging 
probe that uses impedance planimetry has been used intraprocedurally to assess the 
adequacy of the myotomy [31]. The device EndoFLIP (Crospon Ltd, Galway, 
Ireland) provides measurements that include cross-sectional area (CSA), minimal 
diameter, compliance, and distensibility indices. The device had previously been 
used to assess the GEJ pre-procedurally and on follow-up evaluation 3 months 
after the POEM [32]. Rieder used the EndoFLIP device on four patients undergo-
ing POEM and compared values to healthy volunteers. Pre- and post-myotomy 
data were obtained. In the group undergoing POEM, pre-procedure diameter, CSA, 
and distensibility were lower than in healthy volunteers. These parameters 
improved significantly during the intraprocedural (immediate post-myotomy) 
assessment, becoming more like those of the healthy volunteers [31]. The device 
was used intraprocedurally during POEM and laparoscopic Heller procedures 
demonstrating similar improvements in GEJ distensibility intraoperatively [33]. 
Unlike other objective measurements of the adequacy of the myotomy, the 
EndoFLIP device has the ability to give a real-time assessment of the myotomy, 
potentially allowing for optimization of the myotomy at the time of the 
POEM. Recently, EndoFLIP was used to assess the degree that each of the POEM 
stages (submucosal tunnel dissection, esophageal body myotomy, short cardiomy-
otomy, long cardiomyotomy) contributed to improved GEJ physiology [34]. 
Interestingly, this study found that submucosal tunnel dissection prior to any myot-
omy resulted in a marked improvement in EGJ physiology. Myotomy extension 
across the LES to 2 cm distal to the EGJ onto the gastric wall resulted in normaliza-
tion of EGJ distensibility, whereas subsequent extension and additional centimeter 
to 3 cm distal to the EGJ did not increase compliance further. These data suggest 
no further improvement in GEJ; patency would be expected from extending the 
myotomy more than 2 cm into the cardia [34]. The same group has examined the 
use of proprietary software to analyze real-time pre-POEM EndoFLIP data to 
obtain insights in achalasia pathophysiology. They found that esophageal 
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contractility not observed with manometry can be detected in patients with achala-
sia using FLIP topography, and they speculated that the presence and patterns of 
contractility detected with FLIP topography may represent variations in patho-
physiology, such as mechanisms of panesophageal pressurization in patients with 
type II achalasia. These findings could have implications for additional subclassi-
fication to supplement prediction of the achalasia disease course [35].

8.11	 �POEM for Non-achalasia Motility Disorders

The POEM procedure has been successfully expanded to non-achalasia motility 
disorders of the esophagus, namely, spastic disorders such as diffuse esophageal 
spasm (DES), nutcracker esophagus, and jackhammer esophagus [36–38]. In these 
disorders, the length of the myotomy is substantially longer, up to 20  cm or so, 
owing to the pathophysiology of these motility disorders which involves spasticity 
or hypercontractility of as much as 2/3 s of the esophagus. Sharata and colleagues 
reported on 25 non-achalasia patients within a larger cohort of 100 patients under-
going POEM [39]. Twelve had nutcracker esophagus, five had DES, and there were 
eight cases of hypertensive non-relaxing LES. When compared to their counterparts 
with achalasia, this non-achalasia group had somewhat less dysphagia relief (70 % 
versus 97 % in the achalasia group), less chest pain relief (75 % versus 100 %), and 
higher rates of heartburn and regurgitation [39]. A multicenter retrospective analysis 
of outcomes in 73 patients with DES, Jackhammer, and type 3 achalasia that had 
POEM at 12 different centers revealed mildly lower efficacy in pain relief than dys-
phagia relief (not statistically significant however) and significantly lower efficacy 
in Jackhammer compared to DES and spastic achalasia [40].

In a small single-center series with 25 achalasia and eight spastic non-achalasia 
patients, dysphagia improved in 92 % of patients with achalasia vs 75 % of those 
with non-achalasia disorders, and chest pain resolved in 100 % of patients with 
achalasia (8/8) vs 80 % of patients with non-achalasia (4/5) [41].

8.11.1	 �POEM Outcomes

POEM efficacy is determined by several metrics including a decrease of the Eckardt 
score to ≤3, LES pressure decrease (>50 % decrease), and improvement of esopha-
geal emptying as assessed by a timed barium esophagram [1]. There are currently 
no published randomized controlled trials comparing POEM to Heller myotomy or 
pneumatic dilation. There are many series reported in the literature, with therapeutic 
success rates ranging from 82 to 100 %, the majority achieving efficacy in greater 
than 95 % [1, 6–9, 20, 32, 42–48]. Table 8.1 summarizes POEM efficacy data from 
series with significant number of cases and/or follow-up (defined in our review as 
≥150 patient-years of follow-up, e.g., 50 cases with mean follow-up ≥3 months, 30 
cases with ≥6 month mean follow-up, etc.) [8, 11, 30, 39, 46, 47, 49–56]. Werner 
and colleagues reported long-term results by combining the patients from three 
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centers (Rome, Hamburg, Portland) that had completed a minimum of 2 years of 
follow-up totaling 79 patients in a multicenter retrospective analysis [47]. They 
observed an initial clinical response in 96 %, but clinical recurrences occurred in 
17.7 % at maximum follow-up ≥2 years (mean 29 months). Older age and the pres-
ence of post-procedure endoscopic reflux signs were independent predictors of 
treatment success. Interestingly, almost 50 % of recurrences were among the first 
ten cases at each one of the three participating centers, suggesting that the more 
modest 2-year outcomes may have been due to a learning curve effect. Reflux 
esophagitis, while mild, was seen on endoscopy at 2 years in 37.5 % of patients [47].

In our data from Winthrop, Patel and colleagues reported outcomes and the 
learning curve on the first 93 consecutive POEMs in achalasia patients [11]. At 
mean follow-up of 22 months, clinical success was achieved in 96 % with a 2 % 
adverse event rate with no severe adverse events. Efficiency was attained at 40 
POEMs and mastery after 60 POEMs. This learning curve is somewhat longer than 
previously reported by Kurian and colleagues, who defined mastery at 20 cases, as 
evidenced by an overall decrease in procedure time [48]. However, that study had 
methodological limitations as no plateau phase was documented, and the data ana-
lyzed were based on only 40 cases with multiple operators involved.

In the largest POEM series to date, Inoue reported outcomes in 500 patients, with 
105 patients at more than 3 years post POEM [51]. The procedure was technically 
successful in all patients. The median total length of the myotomy was 14.0 cm, 
with a median of 11.0 cm in the esophagus and 3.0 cm in the stomach. Typically, an 
anterior myotomy was performed, with a greater curvature myotomy performed in 
cases of previous Heller myotomy, suspected severe submucosal fibrosis, and adhe-
sions on the lesser curve. Adverse events occurred in 3.2 % and included pneumo-
thorax, bleeding, mucosal injuries, postoperative hematomas, pleural effusion, and 
inflammation of the lesser omentum. Most were managed conservatively. Two-
month outcomes showed significant reductions in Eckardt scores and LES pres-
sures. Clinical success (as defined by a post-POEM Eckardt score of less than two 
or a decrease from the pre-POEM score by at least four points) was achieved in 
91.7 %. On endoscopy, 65 % had signs of reflux esophagitis, but only 17 % of 
patients complained of GERD symptoms. In terms of long-term outcomes, overall 
success (as defined above) persisted at 91 %, and 19 % complained of GERD symp-
toms. At 3 years, with interview data available in 61/105 patients (58.1 %) and 
manometry and endoscopy data in 16/105 patients (15 %), overall success remained 
high at 88.5 %, with symptomatic GERD in 21 % and signs of reflux esophagitis in 
56 %. All reflux symptoms were effectively managed with proton pump inhibitors 
[51]. A number of limitations should be noted:

	1.	 Significant differences in this Asian series compared to Western series (we offer 
a comparison with the most recent update of the POEM data from our center, the 
largest single-operator series in the USA ([57] (see Table 8.2)). The following 
important differences should be noted:
1.	 There are several differences in the patient populations: 
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Table 8.2  POEM series with GERD data including pH studies

Location GERD symptoms Erosive esophagitis +pH study

Chicago, Illinois [49] 15/41 (15 %) 13/22 (59 %) 4/13 (31 %)

Portland, Oregon [39] 12/100 (15 %) 20/73 (27 %) 26/68 (38 %)

Rome, Italy [50] 19/103 (18 %) 21/103 (20 %) 52/103 (50 %)

Mineola, New York [57] 40/174 (23 %) 29/86 (34 %) 29/84 (36 %)

Fukuoka, Japan [55] 9/100 (9 %) 66/100 (66 %) 22/86 (25.6 %)

	(a)	 Significantly younger patient population by more than a decade in the 
Inoue series compared to our US series (mean age of 43 vs 54)

	(b)	 Much lower numbers of patients previously treated with Botox (6 pts, 
1 %) and Heller (10 pts, 2 %) in the Inoue series compared to our series 
(21 % prior Botox and 16 % prior Heller)

	(c)	 Significantly lower proportion of advanced achalasia patients with esoph-
ageal dilation to >6 cm, 21 patients (4 %) in the Inoue series versus 68 
patients (27 %) in our series

	2.	 An unusual efficacy definition was used (post-POEM Eckardt <2 or decrease of 
the Eckardt score by ≥4 points) that differs from the definition used by all the 
other published POEM series and most LHM series (i.e., decrease of the Eckardt 
score to ≤3). This makes comparison with efficacy in other series less 
straightforward.

	3.	 There is a significant amount of missing follow-up data, e.g., even though 105 
pts were at >3 years from their POEM, Eckardt score data were only available in 
61 (58 %) and follow-up endoscopy in only 16 (15 %).

8.12	 �Incidence of GERD After POEM

Early POEM series noted a GERD prevalence of <10 % [6, 20, 58]. This finding was 
likely due to GERD being assessed for via unstructured interviews and symptoms 
scores. Once objective GERD investigations including pH studies and endoscopy 
were employed, it became evident that GERD was more prevalent than previously 
stated. Tables 8.2 and 8.3 summarizes GERD data from series with comprehensive 
GERD assessment (defined in our review as series that included all three main GERD 
assessment components, i.e., presence of GERD symptoms, presence of reflux esoph-
agitis, and acid exposure as assessed by pH studies, or at least two of these, provided 
one was pH studied). Only four series so far have presented data on significant num-
bers of post-POEM patients (≥25) for all three parameters used to assess GERD: 
symptom score, endoscopy, and pH testing [39, 49, 55, 59]. Based on these data, 
9–23 % of patients had GERD symptoms, 20–66 % had endoscopic manifestations of 
GERD (erosive esophagitis which was mostly mild LA Grade A or B esophagitis), 
and 26–50 % had positive pH testing. The three-center Rome-Hamburg-Portland 
series with 2-year follow-up noted that 37 % of patients were on PPIs at ≥2  year 
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follow-up and the same proportion had esophagitis on endoscopy, but no pH testing 
was reported [47]. In this study, as noted above, the presence of GERD was the stron-
gest predictor of POEM success with an odds ratio of almost 7. This is understandable 
since POEM by effectively disrupting the LES and achieving dysphagia relief simul-
taneously predisposes to GERD. It is recommended that POEM operators do not com-
promise the efficacy of their myotomies in order to minimize GERD, as repeat 
procedures for recurrent dysphagia is a thornier problem than dealing with the usually 
mild or moderate, PPI-responsive GERD. Vigilance is necessary to avoid long-term 
complications from untreated silent GERD such as Barrett’s esophagus and adenocar-
cinoma and peptic stricture formation. All post-POEM patients should have endos-
copy and pH study within a year post POEM. After this initial period, we would 
recommend patient interview and endoscopy at 1–2-year intervals to screen for squa-
mous dysplasia and carcinoma, assess for evidence of GERD, and also, in conjunction 
with timed Barium study performed at 1–2 year intervals, monitor for signs and symp-
toms of disease progression leading to relapse that may require further salvage ther-
apy. GERD-related complications were the most prevalent reason for late failure after 
LHM with Dor fundoplication [60]. PPIs are usually effective for post-POEM 
GERD. For the minority of patients with true GERD that does not respond to PPI 
therapy, Dor or Toupet fundoplication would also be very feasible after POEM since 
no periesophageal scarring or adhesions were noted on laparoscopy after POEM at a 
center that performed LHM in two patients in whom the response after POEM was 
inadequate. High-quality studies of patients that have had LHM with fundoplication 
have demonstrated abnormal acid exposure in 18–42 % of subjects which is not too 
dissimilar to the rates observed after POEM [61–63]. It appears that the “loose” Dor 
or Toupet fundoplication performed in achalasia patients is only partially effective in 

Table 8.3  Comparing US and Asian large series

Stavropoulos et al. [57] Inoue et al. [51]

No. of patients 248 500

Age 54 (10–93) 43 (3–89)

Prior treatment 120 pts previously treated
33 pneumatic dilation
57 suboptimal balloon dilation
53 Botox injection
39 Heller myotomy
3 POEM

195 previously treated
179 pneumatic dilation
6 Botox injection
10 Heller myotomy

Sigmoid esophagus 45 sigmoid 77 sigmoid

Advanced achalasia stage
(esophageal dilation to 
>6 cm)

68 21

Mean procedure time 89 min (30–240) 90 min (70.8–119)

Mean myotomy length 13.7 cm (3–26) 14 cm (12–16)

Pre- and post Eckardt 7.8/0.8 6/1

Pre- and post LES pressure 43.3 mmHg/18.5 mmHg 25.4 mmHg/13.4 mmHg

Clinical success 3 month 224/236–95 %
6 month 199/211–94 %
12 month 174/183–95 %

2 month 386/423–91.3 %
12–24 month 260/286–91 %
36 month 54/61–88.5 %
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preventing GERD.  POEM’s seeming equivalence to LHM with fundoplication in 
terms of GERD incidence likely relates to preservation of extraesophageal hiatal 
structures including the phrenoesophageal membrane which are thought to maintain 
the angle of His and serve as a barrier to reflux. This concept is supported by the lower 
rates of GERD in studies of LHM performed with minimal dissection of the hiatus 
and particularly the phrenoesophageal membrane [64, 65].

8.13	 �POEM Versus LHM

Three US studies have compared retrospectively the first consecutive POEMs per-
formed by a surgical operator to that operator’s most recent consecutive laparo-
scopic Heller myotomies [44, 66, 67]. POEM was found to be equivalent or superior 
to LHM in all outcomes assessed. Significantly better dysphagia relief for POEM 
was noted in the largest of the three studies with the other two smaller studies show-
ing equal dysphagia relief. The larger study was the only one that assessed acid 
exposure by pH studies and showed equivalence between POEM and LHM (39 % 
vs 32 % abnormal pH studies, NS). POEM was also shown to be significantly faster 
than the LHM in all three studies with some studies showing additionally less post-
procedure pain, quicker return to normal activities, and shorter hospitalization for 
POEM. There was no difference in the low rate of adverse events in any of the three 
studies. Results are expected in 2017 from two European multicenter studies ran-
domizing patients between balloon dilation and POEM or LHM and POEM.

�Conclusion

POEM is a NOTES approach to Heller myotomy that has proven to be as efficacious 
as LHM but less invasive. We have seen rapid adoption of POEM as a viable treat-
ment for achalasia, with consistently excellent treatment results and a favorable 
adverse event profile that rival the previous gold standard of therapy, the LHM. The 
basic technique is now established, but evolution of the technique with minor adjust-
ments and variations continues. The incidence of post-POEM GERD may be higher 
than the very low rate reported in early publications but may not be significantly 
higher than the rate of GERD after LHM with Dor fundoplication as reported in 
high-quality surgical studies. GERD is manageable by medical therapy, but vigi-
lance is required for its early detection and treatment to avoid any long-term adverse 
events such as development of Barrett’s esophagus or peptic strictures.
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9News in ESD

Kazuya Inoki, Takahisa Matsuda, and Yutaka Saito

9.1	 �Introduction

The development of endoscopic submucosal dissection (ESD) was critical in the 
history of endoscopy because it enhanced the value of therapeutic endoscopy and 
provided a less invasive therapy for many patients [1–7]. Although ESD is an attrac-
tive procedure for many endoscopists, mastery of ESD is difficult because it requires 
sophisticated endoscopic techniques. To improve the safety and success rate of 
ESD, we must continue to develop advanced endoscopic techniques, devices, and 
strategies.

9.2	 �Devices

The high-frequency knives used for ESD are roughly classified as tip knives or 
insulation-tipped diathermic knives (IT knife: Olympus Co., Tokyo, Japan). Both 
devices have advantages and disadvantages. The strong advantage of the IT knife 
is its fast speed of incision and dissection. The “IT” means “insulation tip.” The 
tip of the knife restricts the flow of current thus reducing the chances of the 
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device inadvertently damaging tissues. However, manipulating the IT knife is 
difficult and sometimes requires dissection of lesions without direct visualization 
of the cutting location when moving the IT knife parallel to the muscularis pro-
pria. Thanks to their strong electric current, tip knives are useful for lesions with 
abundant fibrosis. However, it requires very precise scope manipulation and the 
cutting speed is slow.

The IT knife series consists of IT knife, IT knife 2, and IT knife nano. Typical 
tip knives include the Dual knife (Olympus Co., Tokyo, Japan), the Jet-B knife 
(XEMEX Co., Tokyo, Japan), the Flush knife (Fujifilm Medical Co., Tokyo, 
Japan), and the Hook knife (Olympus Co., Tokyo, Japan). The Jet-B knife and 
Flush knife have a water-jet function that enables submucosal injection without 
exchanging devices. In 2015, a new Dual knife and Hook knife were developed. 
They have the water-jet function, which many tip knives now possess, and are 
called the Dual knife J and Hook knife J (Olympus Co., Tokyo, Japan). In addi-
tion, a thinner Flush knife BT-S has been developed that enables easier fluid suc-
tion during use.

During the procedure, hemostasis forceps should be used to control bleeding, 
because using clips often disrupts continuation of ESD. There are two types of 
hemostatic forceps: monopolar and bipolar. Coagrasper (Olympus Co., Tokyo, 
Japan) is a monopolar type and is frequently used, especially with gastric cases. 
Slightly larger forceps called Coaglasper G (Olympus Co., Tokyo, Japan) have 
also been developed because some vessels encountered during gastric ESD are 
too thick to occlude immediately even if using the Coaglasper. Bipolar-type 
hemostatic forceps are frequently used for procedures of the colon and esophagus 
to reduce the risk of delayed perforation. A well-known bipolar-type forceps is 
the Hemostat-Y (Pentax Co., Tokyo, Japan), and recently a rotatable, bipolar-type 
hemostatic forceps called Tighturn (XEMEX Co., Tokyo, Japan) has been 
released.

9.3	 �How to Create Countertraction

The main reason ESD is difficult is that we have no direct countertraction, unlike 
in surgical procedures. However, the use of gravity and the attached cap are often 
very effective to create countertraction. Especially in colorectal cases, you can use 
gravity by changing the position of the patient. Several other relatively easy meth-
ods have been developed. They are the “clip and line method” [8] (Fig. 9.1a– c), 
the “S-O (Sakamoto and Osada) clip method” [9] (Fig.  9.2a, b), the “clip flap 
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method” [10] (Fig. 9.3), and the “pocket creation method” [11]. The former three 
methods use clips and the last one is a newly developed strategy for ESD. The clip 
and line method is useful for esophageal, and sometimes gastric, ESD; you can 
achieve good tension and visibility of the submucosal layer by pulling back the 
string slightly. The S-O clip method uses a rubber strip or spring and is useful for 
colorectal lesions. The clip flap method is a relatively easy but helpful approach 
where an endoclip is substituted for the initial mucosal flap. The dissection may 
then become easier if traction can be achieved by going under the lesion. In addi-
tion, good traction can be achieved using the clip flap method if the submucosa is 
only slightly dissected. The pocket creation method is a novel strategy for colorec-
tal ESD.  It can provide traction and maintain the lifting created from the fluid 
injection for a longer period.

a

b c

Fig. 9.1  (a) Schematic diagram of the clip and line method. (b, c) Good countertraction was made 
in esophageal ESD using the clip and line method
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a

b

Fig. 9.2  (a) Schematic diagram of the S-O clip method. (b) Countertraction was made in colonic 
ESD by using clips and rubber band

Fig. 9.3  Schematic diagram of the clip flap method. A clip is substituted for the initial mucosal 
flap
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�Conclusion
Many new devices and strategies have been developed, and while we have a long 
way to go before we have mastered ESD, applying these methods will make ESD 
procedures safer and easier.
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10ERCP in Altered Anatomy

Per-Ola Park and Maria Bergström

ERCP is the standard technique for dealing with pathology of the common bile 
duct, such as bile duct stones or strictures due to malignant or benign processes. 
However, ERCP in patients with surgically altered anatomy, such as Roux-en-Y 
gastric bypass (RYGBP), total gastrectomy, Billroth II procedure or Whipple proce-
dure (Fig. 10.1), is challenging. Several more or less invasive methods have been 
described for endoscopic biliary interventions in these patients.

10.1	 �ERCP Using Balloon Enteroscopy

Balloon enteroscopy can be performed to reach through the Roux limb, via the 
entero-entero anastomosis, and further on through the biliary limb into the duode-
num to find the papilla.

Balloon enteroscopy has been available since the beginning of 2000, first 
described by Yamamoto [1]. There are two current technical solutions: the double-
balloon technique from Fujinon and the single-balloon technique from Olympus. 
Both require specialised equipment and expertise that are not widely available. 
A long Roux limb can be technically challenging as well as the different anatomic 
constructions of the entero-entero anastomosis, both varying with type of recon-
struction (Fig. 10.2). One major problem with balloon enteroscopy ERCP is the lack 
of efficient accessories. The enteroscope is long, 2 m, and the working channel is 
only 2.8 mm, making it impossible to use standard ERCP accessories. There are 
only a few specialised accessories for these procedures on the market, and some are 
not possible to use over a guidewire. Another drawback is the lack of elevator at the 
tip of the endoscope and the fact that the papilla is reached and visualised from 
below. All these factors make both cannulation and therapy challenging. A cap on 
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a b

Fig. 10.1  Roux-en-Y reconstructions: (a) as performed after gastrectomy, resembling the situa-
tion after a BII resection or a Whipple procedure. (b) As performed during a gastric bypass 
procedure

a b

Fig. 10.2  Access to the duodenum using balloon enteroscopy. (a) In Roux-en-Y reconstruction 
after gastrectomy. (b) After Roux-en-Y gastric bypass surgery
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the tip of the endoscope has been proposed to fixate the papilla during cannulation, 
making the procedure easier.

In a recent review article by Inamdar, the success rates for reaching the papilla in 
patients with altered anatomy differed between 55 and 100% [2]. The pooled enter-
oscopy success rate for all kinds of altered anatomy was 81% (CI 75–86%). The 
major reason for failure was difficulty to identify the biliary limb at the entero-
entero anastomosis or trouble with intubating this limb with its marked angulation. 
The pooled diagnostic success rate for all attempted enteroscopies was 69% (CI 
61–78%), and the pooled success rate for completed interventions was 62% (CI 
53–71%). In patients with a successful enteroscopy, reaching the duodenum, the 
rate for interventional success was 79%. Schreiner et al. suggest that a successful 
balloon enteroscopy-aided ERCP is less likely in RYGBP patients with an alimen-
tary limb of more than 150 cm [3].

10.2	 �Percutaneous Transhepatic Techniques

The percutaneous transhepatic cholangiography (PTC) technique has been used for 
many years for diagnostic and interventional purposes in the biliary tree. Direct 
transhepatic cholangioscopy, utilising the PTC access for endoscopy, was first 
described in 1974 by Takada. Today the PTC technique is often used as an alterna-
tive to ERCP for internal or external drainage of the biliary tree in situations with 
difficult cannulation. This access route can be used for interventions similar to those 
carried out using standard ERCP techniques. In patients with altered anatomy, the 
PTC technique offers an access route into the biliary system possible to use for 
primary interventions, for direct cholangioscopy and for aiding in enteral endo-
scopic interventions with rendezvous technique.

We have used this technique for rendezvous procedures aiming at ERCP in 
patients with altered anatomy. A guidewire was introduced through the PTC cathe-
ter through the papilla and advanced down to the entero-entero anastomosis to meet 
a balloon enteroscope. The guidewire was grasped by a snare from the endoscope 
which then could be manipulated up to the papilla (Fig. 10.3). Biliary interventions 
were then performed over the existing guidewire. Different endoscopes can be used 
for these rendezvous interventions, depending on the length of the Roux limb (in 
gastric bypass – enteroscope, after Whipple procedure or total gastrectomy – thera-
peutic gastroscope).

10.3	 �Percutaneous Transgastric Access

In gastric bypass patients, a gastrostomy placed in the remnant stomach can be used 
as an access port for ERCP (Fig. 10.4). The gastrostomy can be achieved using vari-
ous techniques:

	(a)  Radiologic ultrasound-guided puncture of the remnant stomach
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a b

Fig. 10.3  Access to the duodenum and bile ducts using rendezvous techniques with a preplaced 
PTC access. The endoscope meets the transhepatic guidewire at the entero-entero anastomosis. (a) 
In Roux-en-Y reconstruction after gastrectomy. (b) After Roux-en-Y gastric bypass surgery

Fig. 10.4  Percutaneous 
access to the remnant 
stomach in Roux-en-Y 
gastric bypass. This access 
can be achieved using 
different techniques, as 
described in the text, but 
they all result in the 
possibility to insert the 
duodenoscope 
percutaneously
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	(b)	 Balloon enteroscopy into the remnant stomach followed by PEG placement
	(c)	 Laparoscopic assisted gastrostomy

ERCP performed through a gastrostomy is technically similar to an ordinary per 
oral procedure as a standard duodenoscope is used together with standard 
accessories.

If the gastrostomy has been achieved using traditional endoscopic or radiologic 
PEG techniques, the stoma has to be established before it can be safely used for 
access. Achieving a secure gastrostomy takes about 4 weeks making this technique 
unsuitable in acute situations. To access the stomach with a duodenoscope, the stoma 
needs to be dilated to at least 15 mm. After the procedure a large diameter gastros-
tomy tube needs to be placed to secure the stoma. Tod Barron has described a tech-
nique, using balloon enteroscopy, creating an endoscopic gastrostomy for immediate 
access by placing a covered stent in the stoma [4]. The stent diameter allowed for 
passage of the duodenoscope and kept the stomach attached to the abdominal wall. 
Postoperatively a 26Fr gastrostomy tube was left in place for 4 weeks.

The technique for laparoscopic assisted access to the remnant stomach was first 
described by Pimentel in 2004 [5] and has since been repeated and described by 
several authors [6]. Using this technique, a laparoscopic port (15 mm) is placed 
through the skin into the stomach under direct laparoscopic vision. The abdominal 
cavity is then exsufflated and an ERCP can be performed through the port. After 
completion of the ERCP, the stomach incision can be surgically closed and no gas-
trostomy tube is needed. The entire procedure can be performed as day care surgery. 
The laparoscopic approach is well suited for acute situations but needs the assis-
tance of a skilled minimal invasive surgeon.

If further ERCP interventions are required, the stoma can be preserved by leav-
ing a gastrostomy tube in place, regardless of the type of initial stomach access.

10.4	 �EUS-Assisted Transgastric Techniques

New techniques using EUS for gaining access to the biliary tree are currently being 
developed. Recent reports describe both direct puncture of bile ducts in the left liver 
lobe and puncture of the remnant stomach from the pouch or the Roux limb in gas-
tric bypass patients (Fig. 10.5).

The direct puncture technique can be used in all kinds of altered anatomy and is 
the same technique as in direct puncture of the common bile duct from the duodenal 
bulb [7]. It can only be used in cases with dilated bile ducts. When the access to the 
left bile duct has been established, direct drainage can be achieved by placement of 
a covered metal stent draining the bile into the pouch or Roux limb. Just as in PTC 
techniques, a guidewire can be introduced through this access into the common bile 
duct and out through the papilla for rendezvous attempts, brush cytology or stent 
placement [8].

In gastric bypass anatomy, EUS can be used to puncture the remnant stomach 
from the pouch or the Roux limb. This technique has recently been described by 
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Kedia et al. Access was established by placement and dilatation of a lumen-apposing 
metal stent into the remnant stomach. A conventional ERCP was then performed via 
the stent. After the procedure the fistula was closed using endoscopic suturing with 
Overstitch [9]. The technique allows for acute interventions but requires advanced 
EUS competence.

10.5	 �Discussion

Performing ERCP in patients with altered anatomy is demanding and challenging 
and requires specialised equipment and expertise that are not widely available, 
why these procedures mostly will take place in tertiary or sometimes in secondary 
centres. The algorithm for solving the ERCP challenge in these patients depends 
on the available expertise and on which pathologic problem that needs to be solved. 
Very often a multidisciplinary approach is required. Regardless of which technique 
that is utilised, the procedure will be time-consuming and will involve advanced 
anaesthesia.

If the biliary tract pathology is a bile duct stone and the Roux limb is shorter than 
150 cm, balloon enteroscopy might be the first choice, if available, despite a fairly 
low success rate.

However, if the pathology is a stricture or suspected malignancy, the success rate 
drops significantly and the “PEG” technique or a traditional PTC might be preferred 

a b

Fig. 10.5  EUS-guided techniques; (a) direct puncture of the left liver lobe. (b) Puncture of the 
remnant stomach through from the pouch
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in gastric bypass-operated patients. In other altered anatomy situations, PTC with or 
without rendezvous will be the most available option. In gastric bypass patients, the 
combined laparoscopic gastrostomy and ERCP may be the best alternative as it can 
be performed in day care surgery as well as in acute situations. One drawback is that 
it has to be performed in the operating theatre with full anaesthesia and that the 
patient has to be fit for surgery. In patients who previously have undergone lapa-
rotomy, intra-abdominal adhesions might cause technical problems. One advantage 
with the “PEG” technique is that it allows for the ERCP to be performed using 
standard duodenoscopes and accessories. By leaving a gastrostomy-tube in place 
after the procedure, the papilla can easily be reached later on, as in a normal ERCP, 
for re-interventions at the endoscopic unit.

The EUS techniques still have to be developed and evaluated. However, these 
techniques require a highly skilled interventional EUS endoscopist which is not 
even available at every tertiary endoscopic centre.

In conclusion the balloon enteroscopy is the least invasive method but at the 
moment with lower success rate compared with the surgical “PEG” ERCP or 
PTC. The lack of sufficient accessories for balloon enteroscopy ERCP is presently 
a drawback that probably will be solved in the near future. For each institution, the 
primary choice of method for performing ERCP in patients with altered anatomy, 
will depend on locally available resources and expertise.
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11Endoscopic and Surgical Management 
of Zenker’s Diverticulum: New 
Approaches

Mauro Manno, Micaela Piccoli, Marzio Frazzoni, 
and Rita Conigliaro

11.1	 �Introduction

Zenker’s diverticulum (ZD) is a posterior pharyngoesophageal pouch that forms 
through pulsion forces in an area of relative hypopharyngeal wall weakness between 
the oblique fibers of the inferior pharyngeal constrictor and the horizontal fibers of 
the cricopharyngeus (CP) muscles [1]. Poor upper esophageal sphincter (UES) 
compliance has been regarded as the main pathophysiologic mechanism. This dys-
function creates a high-pressure zone eventuating in increased pulsion forces and 
subsequent ZD formation. This entity most commonly presents in the elderly and 
can be associated with a plethora of potential symptoms, of which dysphagia is 
most common.

11.2	 �Pathophysiology

Although a complete understanding of the pathogenesis of ZD has not yet been 
reached, it is generally accepted that ZD is likely to be a multifactorial disorder. The 
noncompliant cricopharyngeal muscle shows structural changes in terms of histo-
logical reduction in muscle component combined with qualitative fiber alterations, 
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increase in fibrotic tissue, and significant increase of the collagen to elastin ratio. 
The aging process might play a role because of the loss of tissue elasticity and the 
decrease in muscle tone [1].

The hypothesized mechanisms relate to increased intraluminal pressure 
leading to an outpouching in the triangle of Killian, an area of relative wall 
weakness located posteriorly in the hypopharynx between two strong muscles, 
the CP and the inferior pharyngeal constrictor. This posterior pouch includes 
only mucosa and submucosa, so that ZD should be considered as a 
pseudodiverticulum.

The forces that determine this dehiscence are less clear. Accurate manometric 
measurements are difficult to achieve. The most likely mechanism proposed is 
decreased compliance of the UES with failure to open completely and a subsequent 
increase in the hypopharyngeal pressure gradient. It should be noted that this change 
in compliance is not equivalent to a change in UES pressure, which has been incon-
sistently shown.

Other contributing factors include an increase in intrabolus pressure due to 
the stiffness of the CP and hypopharynx. Finally, some investigators have also 
variably demonstrated incoordination of pharyngeal contraction and UES 
opening.

11.3	 �Symptoms and Diagnosis

Zenker’s diverticula typically present in middle-aged adults and elderly individu-
als, especially during the seventh and eighth decades of life. It occurs predomi-
nately in men, and the overall prevalence of ZD among the general population is 
believed to be between 0.01 and 0.11 % [1]. The incidence varies based on region, 
being more common in Northern than Southern Europe. It has been described 
more frequently in the United States, Canada, and Australia than in Japan and 
Indonesia. It is unclear if these differences in prevalence reflect differences in 
longevity or anatomical differences between geographic areas. However, although 
Zenker’s diverticula are the most common type that cause symptoms, its incidence 
and prevalence may be underestimated as many diverticula may remain clinically 
silent and many elderly patients with small pouches and minimal symptoms may 
not seek medical advice.

The vast majority of patients complain of dysphagia and regurgitation. 
Cervical borborygmus is almost pathognomonic of ZD. As dysphagia increases, 
symptoms become more severe with resultant weight loss and malnutrition. 
Hoarseness, cough, and aspiration pneumonia have also been described. 
Regurgitation of undigested foods and halitosis may occur because of stasis of 
food in the pouch.

In most cases, the diagnosis of ZD is suspected based on clinical symptoms and 
confirmed by contrast esophagography.
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11.4	 �Surgical Treatment

Many experts still consider open surgery as the standard management of symp-
tomatic ZD.  However, clinically relevant adverse events are associated with 
open diverticulectomy, including mediastinitis, recurrent laryngeal nerve 
injury, esophageal stricture, fistula, esophageal perforation, hematoma, wound 
infection, pneumonia, and even death, with an 11 % median incidence of major 
morbidity [1].

In a pilot study, we showed for the first time the feasibility of a robot-assisted 
left transaxillary approach for the surgical management of ZD [2]. The patient 
was placed supine under general anesthesia. Similarly to transaxillary robotic 
thyroidectomy, the neck was slightly extended, and the left arm was raised and 
fixed to obtain the shortest distance from the axilla to the anterior neck. Under 
direct vision, a 4–5 cm skin incision was made in the left axilla, and the subpla-
tysmal skin flap from the axilla to the anterior neck area was dissected over the 
anterior surface of the pectoralis major muscle using the Johann grasper or a 
monopolar electrical cautery. Next, to maintain adequate working space, an 
external retractor was inserted through the skin incision in the axilla. A suction 
tube was connected in order to avoid field fogging. The myocutaneous flap was 
raised until the sternal and clavicular heads of the sternocleidomastoideus mus-
cle were visualized; then the dissection continued through the two sternocleido-
mastoideus branches. Next, the external retractor placed beneath the strap muscle 
was replaced with a larger one to obtain an adequate working space. Robotic 
docking was then performed. Four robotic arms were used during the operation, 
all through the axillary incision. The dual-channel endoscope was placed on the 
central arm, and the Harmonic curved shears together with the Maryland dissec-
tor were placed on the right side of the scope. ProGrasp forceps were inserted on 
the left side of the scope. All vessel dissections were performed using the 
Harmonic curved shears. Under robotic guidance, the thyroid was drawn medi-
ally by the ProGrasp forceps in order to identify and spare the inferior thyroid 
artery and the inferior laryngeal nerve. It was necessary to cut the middle thyroid 
vein in all cases and the omohyoid muscle in two cases. The prevertebral fascia 
was identified and the diverticulum isolated. Under endoscopic control, the loose 
connective tissue surrounding the pouch was dissected to identify the neck of the 
diverticulum on the posterior pharyngeal wall (Fig.  11.1). The neck was fully 
exposed by tractioning the diverticulum to the left with the Maryland dissector 
(Fig. 11.2). A complete myotomy was then performed with a robotic monopolar 
hook allowing dissection and resection: the myotomy included the cricopharyn-
geal muscle and the first 5 cm of the circular layer of the cervical esophagus. 
Then a surgical linear stapler (Endopath RTS-FLEX Endoscopic Articulating 
Linear Cutter 35  mm; Ethicon Endo-Surgery, LLC) with a blue cartridge was 
inserted through the axilla and applied to the neck of the diverticulum (Fig. 11.3). 
The complete diverticulum removal was endoscopically confirmed. Intravenous 
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broad-spectrum antibiotics were administered for 72 h after intervention. The 
advantages afforded by robotic technology could contribute to prevent both tran-
sient and definitive palsy of the recurrent laryngeal nerve and to render the crico-
pharyngeal myotomy safer with sparing of the esophageal mucosa. In our 
preliminary series, no relevant complication was registered. These preliminary 
results are encouraging, but we acknowledge that the robot-assisted transaxillary 
Zenker’s diverticulectomy is a technically demanding procedure. Skill in thyroid 
and robotic surgery is required, as well as in esophageal surgery. Enthusiasm 
must be tempered by caution, and our results need to be confirmed in larger 
patient cohorts.

Fig. 11.2  The neck has been isolated and the diverticulum is fully exposed

Fig. 11.1  Isolation and exposition of the diverticulum under endoscopic control
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11.5	 �Endoscopic Treatment

The open surgical approach is associated with adverse events, including fistulae and 
infection. A transoral approach lessens these risks by avoiding an incision. In expe-
rienced hands, flexible or rigid endoscopic diverticulotomy is currently considered 
as a first-choice option in the management of ZD because it gives symptom relief 
comparable to open surgical diverticulectomy with less morbidity, shorter hospital 
stay, and, in the case of a flexible endoscopic approach, without the need of general 
anesthesia.

Rigid endoscopic diverticulectomy is carried out by dividing the common wall 
with a rigid diverticuloscope. The methods adopted to divide the common wall have 
evolved from electrocautery to carbon dioxide laser therapy to the now more com-
monly performed stapling [1].

Flexible endoscopy shares the same principles as rigid endoscopy: it consists 
of dividing the septum thus creating a common cavity. However, the technique 
still needs to be standardized because a variety of different modalities and endo-
scopic devices have been used, including freehand cut, guidewire-assisted and 
diverticuloscope-assisted myotomy, argon plasma coagulation, monopolar for-
ceps, and needle knife for cutting the septum [3–10]. In this line, three different 
needles have been used: a standard needle knife [5], the hook knife [6] (Fig. 11.4), 
and most recently the IT knife 2 [7] (Fig. 11.5). Flexible endoscopic treatment of 
ZD can be performed in deep sedation with propofol or under general anesthesia 
and endotracheal intubation according to local practice. Antibiotic prophylaxis is 
recommended in high-risk patients. A soft diverticuloscope (ZD overtube; Cook 
Endoscopy, Winston − Salem, North Carolina, USA) (Fig. 11.6) permits to expose, 
stretch, and fix the septum (Fig. 11.7). It has two distal flaps of 40 and 30 mm that 
protect the anterior esophageal and posterior diverticular wall, respectively. The 

Fig. 11.3  The surgical linear stapler has been applied to the neck of the diverticulum
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Fig. 11.4  The hook knife (Olympus Co., Ltd)

Fig. 11.5  IT knife 2 (Olympus Co., Ltd.)
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overtube is advanced over the endoscope up to a black marker indicating the 
average distance between the septum and teeth line. Under endoscopic vision, the 
septum is displayed [5]. Once the septum is properly exposed, different cutting 
methods can be applied. Myotomy can be done using standard needle knife, 
monopolar forceps, argon plasma coagulation, hook knife, or, most recently, IT 
knife 2 [3–10]. IT knife 2 seems to guarantee a more precise cut compared with 
other devices, allowing a more stable position by putting the insulated rounded tip 
on the septum of the diverticulum and cutting it toward a caudal direction 
(Figs. 11.8 and 11.9). In our study [7], 21 procedures in 19 patients were per-
formed registering two dysphagia recurrences (in the first two cases) and no 
complications.

Fig. 11.6  Diverticuloscope (ZD overtube; Cook Endoscopy)

Fig. 11.7  Septum exposure with diverticuloscope
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�Conclusions

The flexible endoscopic procedure is simpler and less costly than the surgical 
procedure, particularly when the robotic option is considered, and the median 
hospital stay is shorter (3 days vs. 7 days at our institution). However, for large-
size (>6 cm) diverticula, we still regard the surgical option as more effective and 
still preferable, unless the patient is unfit for surgery.

In conclusion, flexible endoscopic treatment of ZD seems/appears effective 
and safe, the choice between different options depending on local expertise and 
availability of advanced techniques.

Fig. 11.8  Cut of the septum with IT knife 2

Fig. 11.9  Completion of myotomy
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12Cholangioscopy Systems:  
State of the Art

Raffaele Manta and Michel Kahaleh

12.1	 �Introduction

Peroral cholangioscopy (POC) permits direct visualization of the biliary tree 
for  diagnostic procedures and provides endoscopic guidance for therapeutic 
interventions.

POC is traditionally conducted using a mother-baby scope system. However, 
POC using this system is cumbersome, labor intensive, and difficult. A small caliber 
baby scope can be broken easily, is expensive, and is difficult to handle with limited 
irrigation and suction, and it has a small working channel of 1.2 mm diameter. The 
mother-baby scope system is also operated by two skilled endoscopists using two 
endoscopic systems. Therefore, routine clinical application of this system has been 
given up or limited to few endosocpic centers [1]. A single-operator cholangio-
scopic system has been developed as a new type of POC system, and nowadays 
POC can be performed by using a dedicated cholangioscope that is advanced 
through the accessory channel of a duodenoscope or by direct insertion of a small-
diameter endoscope (ultraslim upper endoscope) directly into the bile duct for visu-
alization of the biliary mucosa and lumen.
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12.2	 �Direct Cholangioscopy

Compared to ductoscopy using a dedicated cholangioscope, the direct approach has 
several advantages and disadvantages. Three major advantages compared with other 
POC systems should be underlined: Direct POC provides high-quality endoscopic 
imaging with the ease of performance of enhanced endoscopy using narrow band 
imaging (NBI) and enables detection of smaller and more obscure lesions. A large, 
2-mm-diameter working channel can be extended for interventional procedures, 
including for tissue sampling, and permits 5-Fr instruments. The direct POC system 
uses a conventional endoscope with a standard endoscopic setup by a single operator 
and avoids problems associated with simultaneous operation of multiple endoscopes 
such as the need of human resources, coordination of movements, and costs [2].

According to disadvantages ultraslim endoscopes present larger outer diameters, 
generally 5–6 mm; therefore, they can be used only after a large endoscopic sphinc-
terotomy and/or sphincteroplasty and in patients with dilated bile ducts (>8 mm). 
The most profound disadvantage of direct peroral cholangioscopy is the difficulty 
associated with traversing the biliary sphincter to gain access to the bile duct. The 
current ultraslim scope is not designed for use as a cholangioscope, as it is too flex-
ible, and it is easy to make a loop in the gastric fundus or third portion of the duo-
denum. There are therefore multiple published reports in the endoscopic literature 
with innovative suggestions on how to achieve this task. Some of the suggestions of 
endoscope introduction are over a guide wire, through a regular overtube, or with 
the help of a double-balloon overtube. However, despite use of these accessories, 
failure rate still remains high [3].

Another disadvantage of direct cholangioscopy is the instability of the ultraslim 
upper endoscope once it is inside the bile duct. All accessories supporting the scope, 
such as an intraductal balloon catheter, including the guide wire should be removed 
from the working channel of the scope to use interventional instruments. This can 
cause instability in the scope position. The distal tip of the scope can easily dislocate 
on the distal CBD or fall into the duodenum. This instability makes it difficult to 
perform diagnostic or therapeutic procedures such as obtaining biopsies of lesions 
or lithotripsy of difficult to remove biliary stones [4].

Finally new accessories or specialized scopes must be developed to overcome 
the technical disadvantages of current direct POC in order to facilitate the diagnos-
tic and therapeutic roles of direct POC.

Moreover an air embolism is a rare complication of direct POC but can be a 
fatal problem. Cholangitis can also occur during or after the procedure. The 
use of a CO2 system instead of room air during the POC procedure and admin-
istration of antibiotics before and after the procedure are strongly recom-
mended [5].
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12.3	 �Dedicated Cholangioscopy (or Indirect Cholangioscopy)

Regarding POC that can be performed using a dedicated cholangioscope advanced 
through the accessory channel of a duodenoscope, SpyGlass (Boston Scientific, 
Natick, MA, USA) is the most frequently used and widely diffused probe. Similar 
to the SpyGlass scope is the Polyscope® (Polyscope system; Polydiagnost, 
Pfaffenhofen, Germany), which consists of a detachable flexible endoscope system 
available in 8 Fr (185 cm length) with separate optical, working/irrigation (1.2 mm), 
illumination, and steering channels. Although there are few differences between the 
two systems from technical aspects, as summarized in Table 12.1, Spyglass is pre-
ferred to polyscope, and it represents the best known tool for the management of a 
selected group of biliary diseases.

12.4	 �SpyGlass System

The first single-operator cholangioscopy (SOC) system was presented, in 2005, by 
Boston Scientific (Natick, MA, USA) with the name of SpyGlass Direct Visualization 
System (SGDVS) [6]. It was an endoscopic advanced method, based on an image 
acquisition system mediated by optical fibers, which significantly facilitates the 
diagnosis of biliary-pancreatic diseases by a single operator. It made possible the 
direct macroscopic visualization of lesions, allowing their microscopic character-
ization through targeted biopsies, and eventual treatment.

A study performed in 2007 showed that the cholangioscopy using SpyGlass 
(SOC-S) was superior to that of a videocholangioscope (CHF BP-30, Olympus) in 
terms of visualization of the four lumen quadrants and in carrying out biopsies 

Table 12.1  Comparison of different systems for indirect peroral cholangioscopy

Characteristics SpyGlass Polyscope

Optics resolution 6000 pixels 10,000 pixels

Working channel 1.2 mm 1.2 mm

Viewing angle 70° 70°

Outer diameter 10 Fr 8 Fr

Reusable Yes Yes

Optical channel No Yes

Hermetically close (The optical fiber doesn’t need to 
be sterilized; this prolongs its life 
cycle)

Steerability Four way One-way
(With locking of the bending and 
rotating of the tip)

Compatibility with existing 
endoscopy tower

No
(You have to buy a 
complete endoscopy tower 
system)

Yes
(You can use, through adapters, an 
existing endoscopy tower in the 
hospital)
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(95 % CI OR, from 1.7 to 2.94; P <0.001). Indeed, the SpyGlass system allows to 
deflect the tip in the four directions [7].

In 2015 a new SOC was launched by Boston Scientific (Natick, MA, USA): 
SpyGlass DS (Digital Simple) Direct Visualization System. Built on the technology 
of the original SGDVS, the new SpyGlass DS System was designed to optimize 
procedural efficiency and productivity with improved ease of setup, ease of use, and 
image quality.

12.4.1	 �Equipment

The SpyGlass DS Direct Visualization System is a sterile and disposable device 
composed of a flexible catheter useable in a normal duodenoscope with a working 
channel. Compared to the previous version, an integrated digital sensor provides 
superior imaging, far greater resolution, and a 60 % wider field of view. The control-
ler is an endoscopic video imaging system that combines the functionality of a cam-
era and a LED light source. The controller receives video signals from the catheter, 
processes the video signals, and outputs video images to an attached monitor. It also 
generates and controls the illumination transmitted to the distal end of the catheter. 
The catheter comprises a control section, an insertion tube, and a connection cable. 
The control section is provided with a handle with two knobs that allow the orienta-
tion of the distal end of catheter in the four directions, with a minimum inclination of 
30° in the presence of all accessories. Moreover, it owns a locking lever and a ure-
thane band under the operator channel, which lock the system at the duodenoscope. 
The flexible catheter (SpyScope) consists of a Teflon device of 3.3 mm (10 Fr). It 
contains one working channel (1.2 mm) that allows the passage of dedicated biopsy 
forceps, probes for lithotripsy, or laser and guide wires, two channels (0.6 mm) for 
irrigation, two optical fibers to transmit illumination from the controller, and wiring 
to transmit video signals to the controller. The catheter is introduced through a duo-
denoscope that has an operating channel of at least 4.2 mm2 (Figs. 12.1 and 12.2).

The biopsy forceps (SpyBite) are sterile and disposable accessories for sampling 
intraductal biopsy. They have an external diameter of 1 mm and a length of 286 cm, 
with an opening of 4.1 mm. The irrigation system consists of a sterile tube set con-
nected to an irrigation pump, activated with a pedal.

12.4.2	 �Clinical Applications

There are different indications for SOC-S use. It can be used for diagnostic and 
therapeutic procedures. Among common uses, there are difficult biliary stones and 
macroscopic and histological typing of indeterminate biliary strictures. Less com-
mon uses are the selective guide wire placement in a bile duct, the evaluation of 
either stenosis after a liver transplant or filling defects of the bile ducts not charac-
terized by other methods (MRI, ERCP, EUS), as well as resolution of multiple lithi-
asis. The rare uses comprise staging or endoscopic ablation of tumors, the 
trans-papillary gallbladder drainage, and evaluation of hemobilia.
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12.4.3	 �Treatment of Difficult Biliary Stones

Intraductal lithotripsy is the main therapeutic application of SOC-S when conven-
tional procedures fail. The failure rate in the treatment of choledocholithiasis fol-
lowing standard endoscopic retrograde cholangiopancreatography (ERCP) is 
ranging between 8 and 16 % [8, 9]. A partial bile duct clearance depends on stones’ 
characteristics (number, size, shape, texture, seat), the bile duct structure (shape, 
size, low insertion of the cystic duct), and the presence of a juxtapapillary diverticu-
lum. Common bile duct and Wirsung lithiasis can be treated with laser (LL) or 
electrohydraulic lithotripsy (EHL). In such a field, the SOC-S has two important 
advantages. The first is to allow a direct visualization of the lumen and the stones 
position, avoiding duct damage. The second is to consent the correct functioning of 
the EHL device through the irrigation of bile ducts with the saline solution. In fact, 
the 1.9 Fr nitinol catheter of the EHL presents two insulated coaxial electrodes in 
the tip that produce sparks generating high-amplitude hydraulic pressure waves able 
to fragment the stones [10, 11]. The LL fragments stones using a laser beam that is 
delivered by means of a quartz flexible fiber introduced in the SOC-S operator chan-
nel. The pulsed application of the beam generates ion formations and free electrons 
at high energy with consequent spherical mechanical waves which fragment the 
stones [12]. A complete common bile duct drainage was achieved in 92 % of 26 
patients with difficult cholelithiasis who failed three ERCP sessions with standard 
mechanical lithotripsy [13]. Similarly, following a mean of 1.2 sessions, a 100 % 
common bile duct clearance was reported by using Holmium laser lithotripsy in 60 
patients with mechanical lithotripsy failure (stones average size of 23 mm), or with 
other conditions, such as the Mirizzi syndrome or stone impacted [14]. In a recent 
retrospective single-center study, a 77 % technical success in removing gallstones 
from the bile duct was reported [15].

The SOC-S has been used in 13 patients with cystic duct stones, including four 
with Mirizzi syndrome type 1, achieving complete clearance of both cystic duct and 

a b

Fig. 12.1  SpyGlass DS equipments. Controller (a), and a flexible catheter (b) useable in a normal 
duodenoscope with a working channel
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Fig. 12.2  SpyGlass DS images. (a) Cholangiocarcinoma of common bile duct; (b) a rare case of 
biliary cystoadenocarcinoma involving the intrahepatic left duct; (c, d) bleeding and stenotic neo-
plastic lesion located at hepatic hilum. A rare case of intrahepatic varices. (e) Stenosis of intrahe-
patic duct; (f) varices in intrahepatic duct
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common bile duct in 77 % of cases [16]. In a prospective, multicenter study, 
66 patients with difficult biliary stones (stones average size of 19 mm) underwent 
EHL (50 cases) or LL (16 cases). A complete bile ducts’ clearance was achieved in 
all cases, with two sessions being needed in only 29 % of cases [17]. A case report 
showed a successful biliary lithiasis treatment with SOC-S and EHL by using an 
operator colonoscope in a patient with hepatic jejunostomy with Roux-en-Y recon-
struction [18]. Of note, the use of SOC-S in pregnant women with gallstones allows 
to prevent radiological exposure [19]. Finally, a percentage of missed stones rang-
ing between 8 and 30 % should be also taken into account, including those small 
stones not visible after contrast medium or masked by larger stones. These could be 
diagnosed and successfully treated by using the SOC-S [20, 21].

12.4.4	 �Treatment of Pancreatic Lithiasis

Pancreatic lithiasis is a demanding challenge for the endoscopist. Although there 
are only preliminary data, pancreatic lithiasis represents another promising thera-
peutic application of SOC-S. The efficacy of peroral pancreatoscopy with endo-
scope and that of SOC has been compared in series of 45 patients with main 
pancreatic duct (MPD) lithiasis [22]. A complete or partial clearance was obtained 
in 57 % and 100 % of case, respectively, without a difference between the two 
tools. In three patients (12 %) treated with SpyGlass, minor complications related 
to pancreatoscopy occurred. In a US multicenter, retrospective study on the effi-
cacy of SOC-S in the treatment of the MPD lithiasis in 28 patients undergoing 
pancreatoscopy with LL was described [23]. The average size of stones was 15 mm 
(range: 4–32 mm). The stone removal was successful in 79 % of cases, with a par-
tial clearance in further three (11 %) patients. Moreover, there was a good clinical 
outcome in 89 % of cases at 1 year follow-up, in terms of pain reduction, use of 
narcotics, and hospitalization. Recently, the use of SpyGlass-guided EHL was 
found to be a valid alternative for pancreatic lithiasis treatment in 98 patients fol-
lowing a failure of combined endoscopic lithotomy and extracorporeal shock wave 
lithotripsy (ESWL) [24].

12.4.5	 �Assessment of the Indeterminate Strictures 
of the Bile Duct

The ability to discriminate between benign and malignant biliary strictures is obvi-
ously of crucial importance in patient care management. The current radiologic 
methods (CT, MRI) do not provide adequate sensitive and specific diagnostic per-
formance for all biliary-pancreatic lesions. The cytological sampling by brushing 
during ERCP or fine-needle aspiration (FNA) during endoscopic ultrasonography 
showed high specificity but modest sensitivity [25, 26]. Disappointing results were 
achieved even by using more performing brushes, dilation of stenosis before brush-
ing, or gene analysis of the collected tissue [27]. Several cohort series on the use of 
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SOC-S in this field showed encouraging results [7]. However, the macroscopic 
characteristics of malignant biliary lesions are not completely standardized. Some 
studies on cholangioscopy with endoscope or SOC have defined highly suggestive 
criteria. They include the presence of dilated and tortuous vessels (“tumor vessel 
sign” or “capillary signs”), ulceration, nodules, exophytic or papillary excrescences, 
friability, and irregular surface [9, 28, 29]. On the other hand, mucosal alterations 
with a smooth surface or finely granular without neovascularization or intraductal 
masses suggest a benign condition [30]. A 61 % sensitivity and a 100 % specificity, 
with a 100 % interobserver agreement, for tumor vessel sign were found in a study 
[31]. On the contrary, another study found a good interobserver agreement with 
SOC only for tumoral masses, strictures, ulceration, and hyperplasia, stressing the 
need of validating the cholangioscopic criteria for biliary lesions [32]. When a sus-
pected lesion is encountered, biopsies with SOC-S can be obtained by following 
two procedures: (1) cholangioscopy-direct biopsy obtained with the dedicated mini-
forceps (SpyBite, Boston Scientific) and (2) cholangioscopy-assisted biopsy, which 
consists in identifying fluoroscopically the stricture area, to withdraw the cholan-
gioscope, and to insert a standard forceps, until the stenosis under fluoroscopic 
guide [28]. Of note, by using the SpyBite, an adequate quantity of tissue was 
obtained in more than 95 % of cases [9, 13]. A prospective study involving 26 
patients with indeterminate biliary strictures found that sensitivity, specificity, and 
accuracy of biopsies obtained with SpyBite were significantly higher as compared 
to either cytology or standard biopsy under fluoroscopic guidance [33]. In our expe-
rience, sampling performed with SpyBite was adequate in 97.5 % of 45 patients, 
with a sensitivity, specificity, and positive and negative predictive values of 93 %, 
88 %, 87 %, and 94 %, respectively [34]. Another study found a 92.3 % and 74.4 % 
technical and clinical success, respectively, on 39 patients with indeterminate bili-
ary strictures, and PPV and NPV as high as 100 % and 95.8 % [15].

A major challenge for the physicians is the early detection of cholangiocarci-
noma in patients with primary sclerosing cholangitis (PSC). In a recent prospective 
observational Finnish study, the performance of the SOC-S with biopsy, brushing, 
and flow cytometry, in the diagnosis of indeterminate strictures in 11 patients with 
PSC, was evaluated. In all cases it was possible to obtain the direct biopsy sampling 
and cytology, with an adequate sampling in 82 % for cytology and 91 % for biopsy 
[35]. Similarly, the diagnostic yield of biopsies obtained by using the SpyBite was 
higher as compared to that of cytology in 19 patients with PSC [36].

As expected, the direct visualization with SpyGlass showed a sensitivity of 62 % 
for the extrinsic bile duct strictures [17], while biopsies achieved a very low (8 %) 
diagnostic yield [8].

In a prospective study enrolling 36 patients with indeterminate stricture of com-
mon bile duct, an adequate histological sampling was achieved in 82 % of cases, 
despite several hilar stenoses being present in 58 % of cases [8]. By using macroscopic 
evaluation, a 84 % sensitivity in diagnosing malignant lesions was observed [13].

In our study, concerning the data of our Endoscopic Unit, in Modena-Baggiovara 
Hospital, the direct visualization of lesions allowed to exclude seven patients with non-
organic stenosis, including varices of the common bile duct or piled microcalculi [34].
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In a retrospective study of 30 patients with extrahepatic cholangiocarcinoma in 
whom the diagnosis failed with cytology during ERCP or during EUS with FNA [37], 
the diagnostic accuracy of macroscopic observation with SOC-S was 77 %. Encouraging 
results were also reported in a recent retrospective study of 36 patients with indetermi-
nate biliary strictures in whom the sensitivity, specificity, and diagnostic accuracy for 
malignant lesions using direct visualization with SOC-S and biopsy with SpyBite were 
100 % and 64.2 %, 90 % and 100 %, and 96.7 % and 73.6 %, respectively [38].

A multicenter study enrolled 226 patients with indeterminate biliary strictures 
who underwent ERCP with SOC-S, and 140 received biopsy with SpyBite (ade-
quacy of the sample 88 %, 20 % hilar stenosis). The sensitivity and specificity in 
detecting malignant stenosis was 51 % and 54 % by using only cholangiographic 
visualization, 78 % and 82 % for macroscopic visualization with SpyGlass, 49 % 
and 98 % for direct sampling of lesions with SpyBite [17].

Finally, a recent meta-analysis of eight studies on the SOC-S use for the indeter-
minate biliary strictures diagnosis showed that a direct visualization achieved a sen-
sitivity of 90 % and a specificity of 87 % for malignant lesions, while the histological 
diagnosis following SpyBite biopsies achieved 69 % sensitivity and a 98 % specific-
ity [39]. These data would suggest that the best use of SOC-S could be to identify 
macroscopically a suspicious lesion, by using macroscopic malignancy criteria, and 
then proceed to targeted biopsies under direct vision (cholangioscopy-direct biopsy) 
or indirect vision (cholangioscopy-assisted biopsy).

12.4.6	 �Complications

The studies on SOC-S reported an adverse event rate − especially cholangitis and 
pancreatitis − oscillating between 5 and 13 % (9, 10, 29, 4). It has been found that 
the cholangiopancreatoscopy is associated to an overall (7 % vs 2.9 %) increased 
procedure-related adverse event rate as compared to the simple ERCP [5]. In detail, 
pancreatitis, perforation, and bleeding (4.2 % vs 2.2 %) and, particularly, post-
procedural cholangitis (1.0 % vs 0.2 %) were significantly higher. An overall com-
plication rate of 7.5 %, mainly cholangitis, was also reported in another study. All 
adverse events resolved without sequelae. This highlights the need to offer aggres-
sive biliary or pancreatic drainage post cholangiopancreatoscopy.

�Conclusions

The cholangioscopy single operator using the digital SpyGlass system seems to 
be a promising and highly advantageous tool for both diagnosis and therapy of 
different biliary tract diseases. In detail, very interesting results have been 
obtained for treatment of difficult biliary stones. Moreover, the possibility of 
characterizing stenosis following a failure of other investigations, both macro-
scopically and with targeted biopsies, is of paramount importance. Further stud-
ies are required on pancreatic diseases. Research and technological development 
of this method, and its spread in biliopancreatic endoscopy, is expected to 
improve management of patients with difficult biliary and pancreatic diseases.
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13Esophageal Motility Testing: The Present 
and the Future

Nicola de Bortoli, Marzio Frazzoni, 
and Edoardo V. Savarino

13.1	 �Introduction

The primary functions of the esophagus are to transport swallowed materials from 
the pharynx to the stomach and to prevent the reflux of injurious gastric contents 
into the esophagus and airways [1]. The motor activities that allow the esophagus to 
accomplish these tasks are governed by complex neuromuscular interactions in 
three physiologically distinct neuromuscular units: the upper esophageal sphincter 
(UES), the body of the esophagus, and the lower esophageal sphincter (LES) [2]. 
Manometric techniques measure the amplitudes and timing of the pressure changes 
that, in general, reflect the force and timing of the circular muscle contraction or 
relaxation [3, 4].

Motor function can be assessed by a variety of recording techniques including 
radiology, scintigraphy manometry, and most recently intraluminal electrical imped-
ance monitoring. Some of these are complementary. The gold standard, however, 
for the assessment of motor disorders remains manometry. Manometric measure-
ment of esophageal pressure is the most direct method for the assessment of motor 
function [5]. Since its introduction in the early 1950s, esophageal manometry has 
contributed to a better understanding of esophageal motor function and has cur-
rently become a widely performed technique in clinical practice [6]. The first 
manometry systems used a catheter that contained water-perfused channels, which 
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opened to the lumen at several points along the catheter. These water-perfused pres-
sure channels were driven by a pneumatic pump and connected to external pressure 
sensors [6]. Water-perfused manometry catheters were hindered by large intervals 
between the pressure sensors, which could result in an inadequate assessment of 
sphincter pressure and peristaltic abnormalities. This shortcoming was partly over-
come by adding a sleeve sensor, which measured the highest pressure exerted along 
a segment of several centimeters [7]. This allowed for a reliable measurement of the 
esophagogastric junction (EGJ), even though the EGJ moves up and down the cath-
eter during inspiration or during swallowing. However, the esophageal pressure was 
still measured with a low level of detail, and the addition of more pressure channels 
was limited by the need of a larger diameter of the catheter and a significant amount 
of water being administered to a patient during the measurement. Furthermore, the 
response rate of water-perfused manometry is relatively low which results in diffi-
culties when measuring rapidly changing pressures. Smaller caliber capillaries have 
partly overcome these shortcomings, making it now possible to create catheters 
with much more pressure sensors [7].

In the last 10 years, a new system to perform esophageal manometry was devel-
oped and introduced in both research and clinical setting: the high-resolution 
manometry. High-resolution manometry (HRM) is the current gold standard tech-
nique to assess esophageal motility. It utilizes closely spaced pressure sensors to 
create a dynamic representation of pressure change along the entire length of the 
esophagus. Data acquisition is easier than with conventional manometry, and inter-
pretation is facilitated by esophageal pressure topography (Clouse) plots [8]. Along 
with the technological innovation, an international consensus process has evolved 
over recent years to define esophageal motility disorders using HRM, Clouse plots, 
and standardized metrics. This classification, titled the Chicago Classification (CC), 
was firstly published in 2009 [9] and updated in 2012 [10]. In recognition of many 
studies performed in the last years, the international HRM Working Group met in 
Chicago in May 2014 in conjunction with Digestive Disease Week to discuss new 
data in the context of working toward an update of the CC (v3.0) that was published 
in the first months of 2015 [11].

13.2	 �Where Esophageal Pressure Topography Come From?

In the 1990s, Ray Clouse and his colleagues gave birth to high-definition manome-
try (or high-resolution manometry) when they decreased the spacing between pres-
sure sensing sites along the manometry catheter from 3 to 5 cm to 1 cm. Thus, they 
were able to increase the number of pressure sensors and to lengthen the sensing 
segment of the catheter so it spanned from the pharynx to the stomach. At last, it 
was possible to simultaneously see motor function of the upper esophageal sphinc-
ter (UES), esophagus, and lower esophageal sphincter (LES) with each swallow, 
giving us a complete spatial and temporal depiction of esophageal motor function 
for the first time [12, 13]. The true genius of his method was to convert the pressure 
data into a topographical plot. The convention at the time was to display manometry 
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recordings in a two-dimensional (2-D) space with pressure waves stacked sequen-
tially from caudal to cephalad in the y-axis. The authors added a z-axis and stacked 
the pressure waves sequentially in the z-axis with gastric pressures to the front and 
pharyngeal pressures in the back. Amplitude was therefore on the y-axis and time 
on the x-axis. They developed an interpolation technique that filled in pressure data 
between pressure waves to give a 3-D pressure contour. They then assigned colors 
to pressures, with high pressures represented by warmer colors (reds and yellows) 
and low pressures by cold colors (blues and greens). Finally, they collapsed the 
color contour back into a 2-D space with time on the x-axis, position relative to the 
nares on the y-axis, and pressure depicted as color. This is a color topographical 
map of esophageal pressure that has been called the Clouse plot or esophageal pres-
sure topography (EPT). In concept, it is like topographical maps of weather radar 
images that assign color to atmospheric pressure. Once one is comfortable with 
what the EPT means, it is apparent that many motor disturbances are recognizable 
as distinct patterns. These tools, as will be seen later, have changed how we catego-
rize and define esophageal motor disorders in the new millennium [12, 13].

13.3	 �The Present

13.3.1	 �Metrics and Swallow Pattern Characterization

The primary objective of the CC is to apply standardized HRM metrics to catego-
rize esophageal motility disorders in patients with nonobstructive dysphagia and/
or esophageal chest pain. The CC is based on the scoring of ten 5-ml water swal-
lows performed in supine position. Esophagogastric junction (EGJ) relaxation, 
esophageal contractile activity, and esophageal pressurization are evaluated for 
each swallow [11].

The terms necessary to better understand the Chicago Classification are detailed 
in Table 13.1. Each metric has been developed to characterize a specific feature of 

Table 13.1  Esophageal pressure topography metrics utilized in the Chicago Classification

Pressure topography metrics

Metric Description

Integrated relaxation 
pressure (IRP, mmHg)

Mean EGJ pressure measured with an electronic equivalent of a 
sleeve sensor for four contiguous or non-contiguous seconds of 
relaxation in the 10-s window following deglutitive UES relaxation

Distal contractile 
integral (DCI, 
mmHg-s-cm)

Amplitude × duration × length (mmHg-s-cm) of the distal esophagus 
contraction > 20 mmHg from proximal to distal pressure troughs

Contractile deceleration 
point (CDP)

Inflection point along the 30-mmHg isobaric contour where 
propagation velocity slows demarcating the tubular esophagus from 
the frenic ampulla

Distal latency (DL, s) Interval between UES relaxation and CDP

Legend: EGJ esophagogastric junction, UES upper esophageal sphincter
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deglutitive esophageal function for individual test swallows. The conceptual frame-
work for developing these metrics (and the classification in general) was that it be 
based on physiological principles and that identified dysfunction is prioritized in a 
hierarchical fashion: (i) achalasia/EGJ dysfunction, (ii) motility patterns never 
observed in normal subjects, and (iii) peristaltic abnormalities out of the range of 
normal values [11].

13.3.2	 �Esophagogastric Junction

During HRM analysis, EGJ pressure is dynamically monitored during normal 
respiration with defined axial resolution (usually 1 cm) and without artifacts attrib-
utable to swallow-induced sphincter movement [14] or to EGJ conformational 
changes that may spontaneously occur [15]. However, even within the domain of 
EPT, there are still a number of variables regarding the methodology for assessing 
EGJ relaxation, morphology, and competence (barrier function). Progress in the 
understanding of the optimal methodology for assessing the EGJ among these func-
tional domains has been considerable with the widespread adoption of HRM into 
clinical practice.

With HRM and Clouse plots, the relative localization of the two constituents of 
the EGJ, the lower esophageal sphincter (LES) and the crural diaphragm (CD), 
defines EGJ morphologic subtypes [16]. The EGJ morphology was simply classi-
fied in three types: type I EGJ morphology, in which there is complete overlap of the 
CD and LES with no spatial separation evident on the Clouse plot and no double 
peak on the associated spatial pressure variation plot; type II EGJ morphology, in 
which the LES and CD are separated (double-peaked spatial pressure variation 
plot), but the nadir pressure between the two peaks does not decline to the gastric 
pressure; type III EGJ morphology, in which the LES and CD are clearly separated 
as evidenced by a double-peaked spatial pressure variation plot and the nadir pres-
sure between the peaks equal to or less than the gastric pressure; with type IIIa the 
pressure inversion point remains at the CD level, while in type IIIb, it is located at 
the LES level [11]. Recently Tolone and coworkers [17] evaluated, by means of 
HRM and impedance with pH monitoring, 130 consecutive patients and identified 
46.2 % type I EGJ, 38.5 % type II, and 15.4 % type III patients. Patients with type III 
EGJ had a higher number of reflux episodes (61 versus 45, p < 0.03, versus 25, 
p < 0.001), a greater mean AET (12.4 versus 4.2, p < 0.02, versus 1.5, p < 0.001), and 
a greater positive symptom association (75 % versus 72 %, p = 0.732 versus 43.3 %, 
p < 0.02) compared to patients with types II and I, respectively. They concluded that 
increasing separation between LES and CD could cause a gradual and significant 
increase in reflux. Thus, they demonstrated that EGJ morphology assessment may 
be useful to predict an abnormal impedance-pH testing in gastroesophageal reflux 
disease (GERD) patients [17]. Similarly, the same group [18] evaluated the vigor of 
EGJ and its relationship with GERD by adopting a new HRM metric, namely, the 
contractile integral (CI). The EGJ-CI was calculated using the distal contractile 
integral toolbox during three consecutive respiratory cycles. They observed that 
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patients with a defective EGJ-CI had more frequently a positive impedance-pH 
monitoring or esophageal mucosal breaks at endoscopy (p < 0.05) than patients with 
a normal EGJ-CI and concluded that a defective EGJ-CI at HRM is associated with 
evidence of GERD at reflux monitoring or endoscopy [18]. These data reinforced 
the need of performing HRM to better understand the mechanisms of GERD and 
suggested a potential diagnostic application of HRM for GERD diagnosis, at least 
as complementary test, and not only for positioning the pH electrode before reflux 
monitoring or for excluding achalasia in case of gastroesophageal surgery, in par-
ticular anti-reflux surgery.

During swallowing, EGJ relaxation is evaluated using the integrated relaxation 
pressure (IRP). This has been and will continue to be defined as the mean of the 4 s 
(contiguous or non-contiguous) of maximal deglutitive relaxation in the 10-s win-
dow beginning at deglutitive UES relaxation. The IRP is referenced to gastric pres-
sure. The IRP represents a realistic alternative to the “nadir LES residual pressure” 
obtained during a standard manometry. Lin et al. [19] evaluated in a large group of 
patients the difference between single-sensor-detected EGJ relaxation and IRP to 
diagnose achalasia. They observed that the single-sensor method of assessing EGJ 
relaxation had a sensitivity of only 52 % for diagnosing achalasia. The 4-s IRP using 
a cutoff of 15 mmHg performed optimally with 98 % sensitivity and 96 % specificity 
in the detection of achalasia. This is important because failing to detect impaired 
EGJ relaxation in these patients would result in giving them a wrong diagnosis.

13.3.3	 �Disorders with EGJ Outflow Obstruction

The most fundamental assessment of deglutitive contractility in the Chicago 
Classification is of whether or not an EGJ outflow obstruction is present as defined 
by an IRP > 15 mmHg. Disorders of the EGJ outflow are subdivided into achalasia 
subtypes and EGJ outflow obstruction based on the contractile and pressurization 
patterns in the body of the esophagus. Three clinically relevant subtypes of achalasia 
have been defined in the different versions of the Chicago Classification [9–11]: type 
I achalasia was characterized by 100 % failed contractions and no esophageal pres-
surization; type II achalasia was defined as 100 % failed contraction and panesopha-
geal pressurization for at least 20 % of swallows; and type III achalasia was defined 
as the presence of preserved fragments of distal peristalsis or premature contractions 
for at least 20 % of the swallows [10, 11]. Some studies showed that the adoption of 
the Chicago Classification can improve our capability to diagnose and treat patients 
with achalasia. However, recent data highlighted that the use of a specific rigid cutoff 
(15  mmHg) to define normal from abnormal should be considered with caution. 
Indeed, the last iteration of the CC (v3.0) suggested assessment of EGJ relaxation by 
means of the median instead than by the mean value of IRP with ten swallows in 
order to minimize the effect of occasional outliers. Moreover, Lin et al. [19] recently 
showed that the critical IRP threshold may vary among achalasia subtypes and might 
range between 10 and 17 mmHg, specifically in type I achalasia, suggesting that IRP 
threshold might be reduced [19]. Similarly, Salvador and coworkers [20] observed 
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that in a larger group of 139 patients with endoscopic, radiological, and manometric 
characteristics of achalasia, 10.9 % of the cases had an IRP value lower than 
15 mmHg. To note, the authors showed that all patients had a positive outcome after 
laparoscopic Heller myotomy. Therefore, they suggested that some patients might 
also be correctly classified as a different type of achalasia deriving on clinical, radio-
logical, and manometric pattern even if they had a borderline IRP [20]. Finally, 
another important consideration is that the cutoff for the upper limit of normal is 
technology specific ranging from a low value of 15  mmHg for the Sierra design 
transducers to as high as 28 mmHg for the Unisensor design. Thus, the diagnostic 
accuracy for detecting EGJ outflow obstruction for each device varies and further 
emphasizes the need of caution when applying a rigid cutoff value.

A different condition characterized by an impaired EGJ relaxation is defined EGJ 
outflow obstruction (EGJ-OO). The EGJ-OO exhibits not only an IRP greater than 
15 mmHg but also a preserved peristalsis and elevated intrabolus pressure above the 
EGJ during peristalsis [21]. The finding of an elevated intrabolus pressure proximal 
to the sphincter is important because it validates the physiological significance of 
impaired EGJ relaxation. From a physiological perspective, elevated intrabolus pres-
sure is the consequence of the impaired relaxation. A recent work suggested that 
when EGJ outflow obstruction occurs as a consequence of incomplete relaxation, it 
is accompanied by a relative increase in the ratio of peristaltic amplitude in the distal 
part of the esophagus, whereas this is not the case with mechanical obstruction [22]. 
With the term EGJ-OO, the CC includes a heterogeneous group of patients with 
some individuals having an incomplete phenotype of achalasia or an undetected 
mechanical cause of EGJ-OO such as hiatus hernia, esophageal stenosis, or eosino-
philic esophagitis. Consequently, it is a patient group that merits further evaluation 
with mucosal biopsies and imaging studies to exclude inflammatory or malignant 
etiologies, be that with computerized tomography or endoscopic ultrasound. Only 
after these possibilities have been fully explored should it be accepted as atypical 
achalasia [23]. On this topic, van Hoeij et al. [24] evaluated 34 patients with primary 
EGJ-OO. They concluded that EGJ-OO is an unclear motility disorder with poor 
clinical significance. Indeed, the authors observed that 10 % of patients had unrelated 
symptoms and 15 % had spontaneous symptom relief. Moreover, one hundred per-
cent of patients showed no stasis during esophageal radiogram, whereas treated 
patients showed a beneficial response to botox injections. Finally, less than 10 % of 
patients developed achalasia during follow-up [24].

13.3.4	 �EPT Metrics to Score Individual Swallows

The main HRM deglutitive peristaltic metrics used to evaluate esophageal contrac-
tile function are the distal contractile integral (DCI) and the distal latency (DL) 
(Fig. 13.1, Table 13.1) [10, 11]. They are used to characterize each of the ten 5-ml 
test swallows in order to obtain the final diagnosis. In particular, the DL physiologi-
cally represents an indirect measurement of deglutitive inhibition and thus of nor-
mal peristalsis. The DL is measured as the interval from UES relaxation to the 
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contractile deceleration point (CDP) [10, 11]; a value less than 4.5  s defines a 
premature contraction. The contractile vigor is measured by using the DCI. This 
metric applies an algorithm to quantify the contractile pressure exceeding 20 mmHg 
for the region spanning from the transition zone to the EGJ [10, 11]. As described in 
Table 13.2, the integrity of the contraction associated with each swallow describes 
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Fig. 13.1  High-resolution manometry tracing showing an example of a peristaltic wave. In the 
picture are well-represented both upper and lower esophageal sphincters and the swallowing-
induced lower esophageal sphincter relaxation

Table 13.2  Characterization of esophageal contractility

Contraction vigor (20-mmHg isobaric contour)

Failed DCI <100 mmHg-s-cm

Weak DCI >100 mmHg-s-cm but <450 mmHg-s-cm

Ineffective Failed or weak

Normal DCI >450 mmHg-s-cm but <8000 mmHg-s-cm

Hypercontractile DCI >8000 mmHg-s-cm

Contraction pattern

Premature DL <4.5 s

Fragmented Large break (>5 cm length) in the 20-mmHg isobaric contour 
with DCI >450 mmHg-s-cm

Intact Not achieving the above diagnostic criteria

Intrabolus pressure pattern (30-mmHg isobaric contour)

Panesophageal pressurization Uniform pressurization of >30 mmHg extending from UES to EGJ

Compartmentalized 
esophageal pressurization

Pressurization of >30 mmHg extending from the contractile 
front to EGJ

EGJ pressurization Pressurization restricted to the zone between the LES and CD 
in conjunction with the LES-CD separation

Normal No bolus pressurization >30 mmHg

Legend: DCI distal contractile integral (mmHg-s-cm), DL distal latency (s), EGJ esophagogastric 
junction, LES lower esophageal sphincter, CD crural diaphragm
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how completely that contraction is propagated from the upper sphincter to the EGJ, 
irrespective of the vigor of the contraction or latency. These qualifiers fall under the 
contraction pattern that is subsequently characterized.

Contraction Vigor  Although an ineffective contraction was originally defined in 
conventional manometry on the basis of low-amplitude peristalsis, this criterion was 
not used to define weak peristalsis in the v2.0 of the CC [10]. The CC v3.0 clarified 
the distinction between contractile vigor and pattern and opted to clearly separate 
these concepts, basing the evaluation of contractile vigor entirely on the DCI and 
using a cutoff value of 100 mmHg-s-cm for failed peristalsis and a cutoff value of 
450 mmHg-s-cm for weak peristalsis. The value for the weak peristalsis was derived 
directly from the study of Xiao and coworkers [25] that showed a positive percent 
agreement in predicting ineffective swallows of 83 % and a negative percent agree-
ment of 90 % in a validation sample of 100 patients. Both failed and weak peristaltic 
contractions are ineffective. At the other extreme of contractile vigor, it was accepted 
to keep the cutoff for hypercontractility at 8000 mmHg-s-cm, but to eliminate the 
“hypertensive” designation for contractions with DCI between 5000 [10] and 
8000 mmHg-s-cm, because it has no apparent clinical significance [11].

Contraction Pattern  Hence, the CDP (the inflection point in the contractile front 
propagation velocity in the distal esophagus) is a key landmark in the assessment of 
the contraction pattern. However, in some instances like atypical peristaltic archi-
tecture or compartmentalized pressurization, the CDP can be difficult to localize, 
and so far the HRM Working Group decided to add two caveats for localizing the 
CDP in the last version of CC: (i) the CDP must be localized to within 3 cm of the 
LES, and (ii) in instances of compartmentalized pressurization, the CDP needs to be 
localized along an isobaric contour line of greater magnitude than the compartmen-
talized intrabolus pressure. Moreover, the HRM Working Group defined that breaks 
in the 20-mmHg isobaric contour should be considered into the chapter of “contrac-
tion pattern.” Kumar et al. [26] observed that small breaks (<3 cm) in the 20-mmHg 
isobaric contour are frequently encountered in normal subjects, and therefore the 
HRM Working Group suggested that these should be considered normal [11]. On 
the other hand, Roman et al. [27] showed that large breaks (>5 cm) in the 20-mmHg 
isobaric contour were significantly more common in patients with dysphagia than in 
controls (14 % versus 4 %, p = 0.02), and this concept was considered in the CC 
v3.0. Finally, in a recent study, Porter et al. [28] adopted the term “fragmented” to 
characterize those contractions with a large break in the 20-mmHg isobaric contour, 
but normal or elevated DCI (>450 mmHg-s-cm).

13.3.5	 �Major Motility Disorders

Major motility disorders are defined as patterns of motor function that are not 
encountered in controls in the context of normal EGJ relaxation. The hierarchical 
Chicago Classification v3.0 is reported in Table 13.3 [11].
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Aperistalsis  It (absent peristalsis) is defined by the combination of a normal IRP 
and 100 % failed contractions [11]. As mentioned previously, the contractions with 
DCI <100 mmHg-s-cm meet the criteria for failed peristalsis, but type I achalasia 
should be considered in cases of borderline IRP [19].

Table 13.3  The Chicago Classification v3.0

Achalasia and EGJ outflow 
obstruction Criteria

Type I achalasia (classic 
achalasia)

Elevated median IRP (>15 mmHga), 100 % failed peristalsis
(DCI < 100 mmHg-s-cm)
Premature contractions with DCI values less than 
450 mmHg-s-cm satisfy criteria for failed peristalsis

Type II achalasia (with 
esophageal compression)

Elevated median IRP (>15 mmHga), 100 % failed peristalsis, 
panesophageal pressurization with ≥20 % of swallows
Contractions may be masked by esophageal pressurization, 
and DCI should not be calculated

Type III achalasia (spastic 
achalasia)

Elevated median IRP (>15 mmHga), no normal peristalsis, 
premature (spastic) contractions with DCI >450 mmHg-s-cm 
with ≥20 % of swallows
May be mixed with panesophageal pressurization

EGJ outflow obstruction Elevated median IRP (>15 mmHga), sufficient evidence of 
peristalsis such that criteria for types I–III achalasia are not 
metb

Major disorders of peristalsis (not encountered in normal subjects)

Aperistalsis (absent 
contractility)

Normal median IRP, 100 % failed peristalsis
Achalasia should be considered when IRP values are 
borderline and when there is evidence of esophageal 
pressurization
Premature contractions with DCI values less than 
450 mmHg-s-cm meet criteria for failed peristalsis

Distal esophageal spasm 
(DES)

Normal median IRP, ≥20 % premature contractions with DCI 
>450 mmHg-s-cma. Some normal peristalsis may be present

Hypercontractile esophagus 
(jackhammer)

At least two swallows with DCI >8000 mmHg-s-cma, c

Hypercontractility may involve, or even be localized to, the 
LES

Minor disorders of peristalsis (characterized by contractile vigor and contraction pattern)

Ineffective esophageal motility 
(IEM)

≥50 % ineffective swallows
Ineffective swallows can be failed or weak 
(DCI < 450 mmHg-s-cm)
Multiple repetitive swallow assessment may be helpful in 
determining peristaltic reserve

Fragmented peristalsis ≥50 % fragmented contractions with DCI > 450 mmHg-s-cm

Normal esophageal motility Not fulfilling any of the above classifications

Modified from Kahrilas et al. [11]
aCutoff value dependent on the manometric hardware; this is the cutoff for the Sierra device
bPotential etiologies: early achalasia, mechanical obstruction, esophageal wall stiffness, or mani-
festation of hiatal hernia
cHypercontractile esophagus can be a manifestation of outflow obstruction as evident by instances 
in which it occurs in association with an IRP greater than the upper limit of normal
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Distal Esophageal Spasm (DES)  It should be considered when 20 % or more 
esophageal contractions resulted premature with a DL value lower than 4.5 s [29] in 
a context of normal EGJ relaxation [11].

Hypercontractile Disorders  The definition of hypercontractile esophagus (jack-
hammer esophagus, Fig. 13.2) is, in the last version of CC, identified as the only one 
hypercontractile disorder of the esophageal contraction [11]. The jackhammer 
esophagus (the nickname is quietly explicative) was previously defined as the occur-
rence of at least one swallow with DCI >8000 mmHg-s-cm in the CC v2.0 [30]. 
However, more recently, the HRM Working Group observed that an 8000-mmHg-s-
cm DCI might occur in control subjects, and the previously indicated threshold of 
one swallow was insufficient and of uncertain relevance. Thus, the Working Group 
proposed to define jackhammer esophagus as the occurrence of >20 % of swallows 
with a DCI >8000 mmHg-s-cm and normal latency. Further, the authors of CC v3.0 
clarified that the hypercontractility can involve the LES or even might be restricted 
to the LES. In keeping, the authors suggested that it is necessary to expand the DCI 
measurement including the EGJ in such instances [11].

13.3.6	 �Minor Motility Disorders

The clinical significance of minor motility disorders continues to be debated. The 
prior classification for “peristaltic abnormalities” encountered significant dissatis-
faction in the clinical community because of its complexity and unclear relevance. 
In the place of “peristaltic abnormalities” [10], the new version of CC v3.0 adopted 
the terminologies “ineffective esophageal motility,” popularized in conventional 
manometric diagnoses, and “fragmented peristalsis” [11].

Ineffective Esophageal Motility (IEM)  In 2008, Blonski et al. [31], by means of 
conventional manometry, defined ineffective esophageal motility (IEM) on the 
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Fig. 13.2  High-resolution manometry tracing showing an example of jackhammer esophagus
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basis of 50 % or more ineffective esophageal swallows which were in turn 
defined as esophageal contractions exhibiting amplitudes <30 mmHg at pres-
sure sensors positioned 3 or 8 cm above the LES. The unifying feature of swal-
lows contributing to the diagnosis of IEM is poor bolus transit in the distal 
esophagus. Thus, the Working Group proposed to define IEM as ≥50 % ineffec-
tive swallows based on a DCI <450 mmHg-s-cm, in accordance with Xiao and 
coworkers’ results [25]. No distinction need to be made between failed swal-
lows and weak swallows, thereby eliminating the former designation of “fre-
quent failed peristalsis.”

Fragmented Persistalsis  The Working Group proposed to define “fragmented peri-
stalsis” as ≥50 % fragmented contractions (large breaks >5 cm in the 20-mmHg 
isobaric contour) with the added stipulation of not meeting IEM criteria. Large 
breaks are significantly more common in patients with dysphagia than in controls 
(14 versus 4 %, p = 0.02) [27]. It has been shown that the proportion of failed or 
fragmented contractions was greater in patients with GERD than in controls [28, 
31]. The new definitions of the minor disorders of peristalsis are detailed in 
Table 13.3 [11].

13.4	 �The Future

13.4.1	 �The Near Future: Multiple Rapid Swallows

The recent introduction in clinical and research practice of HRM and impedance-
manometry has represented a major advance in defining and characterizing 
esophageal motor abnormalities in GERD patients [32–34]. Several studies have 
shown that esophageal dysmotility prevalence parallels the increasing severity of 
GERD presentation [35–37], and, of particular relevance, those patients had 
failed and hypotensive peristaltic contractions, which resulted in incomplete 
esophageal emptying [36, 38]. Moreover, intermittent and nonspecific alterations 
of esophageal motility are frequently encountered in patients with 
GERD. However, the true impact and frequency of these abnormalities are not 
clear, even because standard manometric protocols based on single wet swallows 
are affected by intrinsic limitations, considering that active esophageal contrac-
tions may not be necessary to allow liquid transport, especially if it happens in 
the upright-seated position [39]. On that ground, recent studies highlighted the 
importance of including provocative tests, aimed at increasing esophageal work-
load, during HRM studies, in order to enhance the description and interpretation 
of esophageal motility [40, 41].

Multiple rapid swallows (MRS) that consist in the administration of five swal-
lows (1–2 ml per swallow) in rapid sequence (less than 10 s) represent the sim-
plest provocative maneuver. Indeed, when multiple swallows are rapidly 
administered, esophageal peristalsis is deeply inhibited, and pronounced LES 
relaxation ensues. After the last swallow of the series, a robust esophageal 
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contraction is expected [42]. Abnormal responses consist of incomplete inhibi-
tion (when contraction fragments are seen during the period of expected inhibi-
tion) or suboptimal contraction (when the post-MRS sequence fails to demonstrate 
augmentation of smooth muscle contraction) [42, 43]. In particular, Shaker et al. 
[44] showed that the strength of smooth muscle contraction augments almost 
twofold with MRS in normal controls and that lack of strong contraction is sig-
nificantly more prevalent in GERD patients who develop postoperative dyspha-
gia [43, 44]. Therefore, this alteration is considered to represent an inadequate 
peristaltic reserve of the esophageal smooth muscle [43]. To date, Martinucci and 
coworkers showed an inverse correlation between MRS response and acid expo-
sure time in patients with negative endoscopy heartburn [45]. Considering these 
data, MRS has been proposed to be included in routine HRM studies. Indeed, it 
is simple, cheap, and easy to perform, and, above all, assessing the response to 
such a provocative test may increase the ability of HRM studies to detect clini-
cally relevant esophageal dysfunction in patients with minor defects of peristal-
sis or with dysphagia without any finding of achalasia or EGJ-OO.  This 
“low-volume challenge test” should be also suggested in patients with GERD-
related symptoms to better define which patients will develop impairment of 
esophageal clearance. Finally, swallow challenges during the HRM study such as 
free drinking or a test meal, to trigger motility abnormalities, may improve the 
diagnostic yield of the study.

13.4.2	 �Future Role of the HRM Working Group

The real goal of the HRM Working Group is to update the classification every 3 
years according to the main literature research projects. This is required to main-
tain a classification that takes into account relevant new developments in the 
esophageal motility pathophysiology. The future aim of the HRM Working Group 
will be to consider pharyngeal and UES functions that are still not included in the 
CC v3.0. Recent studies suggest the utility of combined impedance-HRM, but not 
HRM by itself, in detecting the main mechanism involved in GERD pathogenesis, 
which is the transient lower esophageal sphincter relaxation (Fig. 13.3), and in 
predicting the risk of aspiration in patients with oropharyngeal swallowing disor-
ders [46–48]. Impedance measurement might also complement the analysis of 
esophageal function in patients without significant pressure abnormalities to eval-
uate the impact of esophageal body motility on bolus flow [49, 50] and might also 
be incorporated into future versions of the CC.  Prospective trials taking into 
account provocative tests such as MRS, applesauce, and solid meal are needed to 
better recognize borderline diagnostic conditions. Finally, outcome studies about 
medical and surgical treatment of esophagogastric junction (both in GERD and in 
achalasia) are necessary.
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The Diagnostic Yield of Novel 
Parameters in Reflux Monitoring

Nicola de Bortoli, Marzio Frazzoni, and Edoardo Savarino

The principles of impedance were first applied to the gastrointestinal tract in 1991. 
MII testing was approved by the US Food and Drug Administration for esophageal 
functional testing in 2002. Impedance measures change in resistance (Ohms) of 
alternating electrical current passing through pairs of metal rings on a catheter. In 
the empty esophagus, baseline current is conducted between the rings by ions on the 
mucosa. Because impedance catheters have multiple sets of impedance-measuring 
rings, bolus movement and direction (antegrade or retrograde) can be assessed [1].

MII-pH monitoring is performed using a polyvinyl catheter (diameter 2.3 mm) 
equipped with an antimony pH electrode and several cylindrical electrodes, with a 
length of 4 mm, placed at intervals of about 2 cm to measure the electrical imped-
ance of the esophageal contents at multiple levels along the longitudinal axis of the 
esophagus [2]. Each pair of adjacent electrodes represents an impedance-measuring 
segment corresponding to one recording channel. The catheter is positioned with 
the pH electrode 5 cm above the LES and the six impedance recording channels at 
3, 5, 7, 9, 15, and 17 cm above the manometrically defined lower esophageal sphinc-
ter (LES). The overall recording time lasts 24 h.

MII-pH provides a detailed characterization of each reflux event including chem-
ical (acid and non-acid reflux) and physical properties (liquid, mixed, gas) [3] 
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(Fig. 14.1). To date, nonacid reflux represents the majority of reflux episodes in 
patients with gastroesophageal reflux disease (GERD) on proton pump inhibitor 
(PPI) therapy [4, 5]. Indeed, the total number of reflux episodes is not affected by 
the acid-suppressive therapy, and weakly acidic refluxes account for approximately 
90 % of all reflux episodes on PPI thus representing a potential mechanism underly-
ing failure of PPI treatment in patients with reflux-related symptoms [6, 7]. 
Moreover, MII-pH monitoring, as well as pH-metry alone, provides the opportunity 
to assess the temporal relationship between the occurrence of refluxes and the onset 
of symptoms [8, 9]. The relationship between symptoms and reflux events can be 
evaluated with symptom index (SI) and symptom association probability (SAP) that 
are the most commonly employed symptom indices being used [9].

Based on esophageal pH monitoring, NERD patients with a physiological esoph-
ageal acid exposure time (AET) and a close temporal relationship between symp-
toms and reflux events have been defined as hypersensitive to acid stimuli. On the 
other hand, in line with Rome III criteria, patients with heartburn, normal upper 
endoscopy, physiological AET, negative correspondence between symptoms and 
refluxes, and who fail to respond to PPIs are defined as functional heartburn (FH) 
[10–12]. In this regard, the advent of MII-pH monitoring improved the diagnostic 
yield of GERD patients mainly by identifying a positive SAP or SI with weakly 
acidic or weakly-alkaline refluxes [13–19] both in PPI-responsive and in PPI-
refractory patients [20, 21]. Indeed, pH-only monitoring and response to PPI ther-
apy underestimate GERD when with MII-pH criteria [20, 22, 23].

On the other hand, all available diagnostic tests for GERD have some limitations. 
MII-pH drawbacks are mainly due to the day-to-day variability of the test [24–26]. 
Additionally, the reflux-symptom correlation in patients with GERD who do not 

a b

Fig. 14.1  Example of two different reflux events: (a) acid reflux event that involves both distal 
and proximal channels with a contemporary drop of esophageal pH below 4; (b) non-acid reflux 
event that involves distal channels only, the pH does not drop below 4. Z1-Z6 impedance detection 
channels
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respond to PPI therapy is actually calculated with SI or SAP also if their validity is 
still uncertain [27, 28]. Recently Zerbib et al. [29] described that MII-pH findings 
are not always able to predict response to PPIs in patients with reflux-related typical 
symptoms when the test is performed off-PPI therapy.

Regarding the clinical utility of pathophysiological investigations in patients 
with heartburn, we described a group of patients (more than 19 % of the whole 
population enrolled) with heartburn totally suppressed by PPI therapy, in which 
GERD was not diagnosed with conventional MII-pH criteria [30]. These data sug-
gest that PPI response alone should not always be considered sufficient for GERD 
diagnosis [30]. Notably, patients with non-erosive reflux disease (NERD) are patho-
physiologically heterogeneous and should be accurately studied by means of 
MII-pH to define the best therapeutic approach [31]. Indeed, a meta-analysis showed 
that reportedly low response rate in NERD is likely the result of inclusion within 
this umbrella term of patients with reflux-unrelated heartburn [32].

Recently, the ability of MII-pH testing to better understand GERD’s pathophysi-
ology has been improved through the introduction of up-and-coming parameters 
such as the post-reflux swallow-induced peristaltic wave (PSPW) index, which 
stand for the efficacy of esophageal chemical clearance [33], and the nocturnal 
baseline impedance values (MNBI), which indicates impairment of esophageal 
mucosa integrity [34].

Frazzoni [33], firstly, defined PSPW as an antegrade 50 % drop in impedance 
relative to the pre-swallow baseline originating in the most proximal impedance 
sites, reaching all the distal impedance sites, and followed by at least 50 % return to 
the baseline in all the distal impedance sites (bolus exit) (Fig. 14.1) [35]. Post-reflux 
swallows not reaching the distal impedance sites and/or not followed by return to 
the baseline were excluded. To limit overlap with spontaneous swallowing (64 swal-
lows h−1, approximately 1 min−1) [36] and considering the latency period of salivary 
gland response to esophageal acidification (10–15 s) [37], only PSPWs occurring 
within 30 s from the end of reflux episodes were taken into account (Fig. 14.2).

Impairment of esophageal chemical clearance could represent specific mecha-
nism involved in GERD pathophysiology. PSPW index has been showed to be sig-
nificantly lower in patients with reflux esophagitis and NERD than in healthy 
controls or in patients functional heartburn (FH), i.e., with reflux-unrelated heart-
burn. Moreover, this parameter is not altered after medical or surgical therapy [33]. 
Moreover, Frazzoni et al. [38] showed that patients with PPI-refractory heartburn/
regurgitation and refractory reflux esophagitis were associated with a more severe 
impairment of chemical clearance but similar levels of acid exposure when com-
pared with those patients with healed reflux esophagitis. Adequate acid suppression 
was found in the majority of patients with refractory reflux esophagitis who did not 
record any benefit from further PPI escalation [38]. These data confirmed that both 
contact time of esophageal mucosa with acidic/weakly acidic refluxate and impair-
ment of chemical clearance (PSPW index) play a relevant role in the pathogenesis 
of refractory reflux esophagitis.

Frazzoni et al. [39] also evaluated the PSPW index in patients with short-segment 
Barrett’s esophagus with or without mucosal dysplasia. They observed that the 
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PSPW index was significantly lower in patients with than in patients without dys-
plasia at the time of surveillance (15 %, vs. 32 %; p = 0.001) and at the time of diag-
nosis too. Statistical analysis showed that a PSPW index <26 % was predictive of 
incident dysplasia with a 75 % accuracy.

First of all, Farrè and coworkers [34] tested for the first time the hypothesis that 
multichannel intraluminal impedance (MII) might be a suitable tool for the assess-
ment of esophageal mucosal integrity, by performing in vivo experiments of acid 
perfusion in rabbits and humans. They also analyzed impedance-pH tracings from 
patients with GERD. These authors showed that impedance baseline values reflect 
the status of the esophageal mucosa both in an animal model and in healthy volun-
teers, indicating that MII is a useful tool to evaluate the esophageal mucosa integ-
rity. They confirmed that patients with erosive and non-erosive esophagitis had a 
lower impedance baseline compared to healthy volunteers [34].

Further, Kessing et al. [40] described lower values of baseline impedance levels 
in distal esophagus in patients with abnormal esophageal AET rather than in healthy 
volunteers (HVs). The authors described a negative correlation between baseline 
impedance levels and esophageal AET [40]. Woodland et  al. [41] observed that, 
within both NERD and FH, patients who showed a positive acid sensitivity test had 
lower baseline impedance than those who did not. Of note, the authors found that a 
subgroup of patients with FH, despite having a normal MII-pH study and a negative 

Fig. 14.2  Impedance-pH tracing showing a weakly acidic reflux followed by a swallow-induced 
peristaltic wave (arrow)
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response to proton pump inhibitors (PPIs), had baseline impedance values very 
similar to those of patients with NERD.

These studies evaluated baseline impedance values during the upright period of 
24-h MII-pH analysis. Frequently these authors described some difficulties to obtain 
data on baseline impedance values excluding frequent swallows and reflux events. 
We recently dedicated our interest in baseline impedance values, and we decided to 
calculate the baseline value during overnight rest. It seemed easier and less affected 
from sampling errors. During sleeping esophageal mucosa collapses on the MII-pH 
probe, allowing a more accurate assessment of the real impedance in the esophageal 
mucosa. Nocturnal baseline impedance was assessed from the most distal imped-
ance channel. Three 10-min time periods (around 1.00 am, 2.00 am, and 3.00 am) 
were selected, and the mean baseline for each period was computed with the aid of 
the software. Time periods including swallows, refluxes, and pH drops were avoided. 
The mean of the three measurements was manually calculated to obtain a parameter 
that we defined mean nocturnal baseline impedance (MNBI). In a large group of 
patients with GERD typical symptoms, negative endoscopy, and normal pathophys-
iological characteristics (normal AET and number of refluxes, negative SI and 
SAP), we observed that patients with a good symptom relief after PPI therapy had 
lower baseline impedance values than PPI-refractory patients with normal patho-
physiological characteristics (FH) [42]. FH patients showed similar baseline value 
than HVs. Moreover, we observed similar results analyzing PSPW index: it was 
lower in responders than in nonresponders and in HVs. A direct linear correlation 
between PSPW and baseline impedance values was found [42].

After that preliminary study, de Bortoli et al. [43] decided to extend these analy-
ses to patients with a 24-h MII-pH diagnosis of hypersensitive esophagus (HE) 
(normal AET and number of reflux events but positive correlation between symp-
toms and refluxes as established by both positive SI and SAP analyses) [43]. The 
authors confirmed previous results observed with MNBI and PSPW index: both 
parameters were lower in patients with HE and those with positive response to PPI 
therapy but normal pathophysiological findings (FH-PPI responder) compared to 
healthy controls and FH-PPI non-responders. These results suggest that both MNBI 
and PSPW index can be helpful to diagnose GERD in patients with heartburn even 
when SI and SAP are negative or inconclusive [43].

More recently Frazzoni and coworkers [44] aimed to assess the diagnostic accu-
racy of MNBI and PSPW index in a large multicenter case series of patients with 
PPI-responsive heartburn. All patients were evaluated after discontinuing PPI-
therapy for 1 month. The authors retrospectively studied 68 patients with erosive 
esophagitis and 221 patients with NERD and compared their result with those 
observed in 50 healthy controls. In receiver operating characteristic analysis, the 
area under curve of the PSPW index (0.977; 95 % confidence interval, 0.961–0.993) 
was significantly greater than that of the other impedance-pH parameters in identi-
fying patients with reflux disease (P < .001). The PSPW index and the MNBI 
resulted able to identify patients with erosive reflux disease with the highest level of 
sensitivity (100 % and 91 %, respectively), as well as the 118 pH-positive (99 % and 
86 %) and 103 pH-negative (77 % and 56 %) cases of NERD. The PSPW index and 
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the MNBI identified pH-negative NERD with the highest level of sensitivity; values 
were 82 % and 52 % for the 65 SAP-positive and/or SI-positive cases and 68 % and 
63 % for the 38 SAP-negative and SI-negative cases. Diagnoses of NERD were 
confirmed by pH-only criteria, including those that were positive on the basis of the 
SAP or SI, for 165 of 221 cases (75 %) and by impedance-pH criteria for 216 of 221 
cases (98 %) (P = .001). The authors concluded that the PSPW index and the MNBI 
increase the diagnostic yield of impedance pH monitoring of patients with reflux 
disease [44].

Similar results were described by Kandulsky et al. [45]; they observed that base-
line impedance values might differentiate patients with ERD or NERD from patients 
with FH (78 % sensitivity and 71 % specificity) in a population of patients with 
proton pump inhibitor-refractory reflux related symptoms. Low levels of baseline 
impedance were associated with greater esophageal acid exposure and dilation of 
intercellular spaces, confirming that baseline impedance should be considered as a 
marker of mucosal integrity [45].

Currently, PPI resistance is the real challenge in GERD [46]. However, it has 
been claimed that between 10 and 40 % of patients with typical reflux symptoms 
(heartburn/regurgitation) remain symptomatic on a standard dose of PPIs, and many 
of them will continue to experience symptoms on even high doses of PPIs [47].

What constitutes refractory GERD remains an area of controversy. Most investi-
gators believe that only patients with GERD who exhibit partial or lack of response 
to PPIs twice daily should be considered as PPI failures [47]. Furthermore, regurgi-
tation persists in many patients despite PPI therapy [48], often awakening patients 
at night.

Management of PPI-refractory GERD patients is a challenging task. Baclofen 
could be helpful as add-on therapy with PPIs, but its use is limited by poor tolerabil-
ity [49] and it is not approved for GERD management. In patients with documented 
GERD who do not respond sufficiently to PPI therapy, laparoscopic Nissen fundo-
plication represents the currently suggested treatment modality to overcome PPI 
failures [50].

Frazzoni et al. [51] aimed to assess reflux parameters in refractory GERD patients 
before and after EsophyX or laparoscopic fundoplication and their relationship with 
symptoms. The authors evaluated patients on PPI therapy before intervention and 
off PPI therapy 3 months after intervention by means of MII-pH monitoring. Distal 
and proximal refluxes were significantly reduced postoperatively in the surgical but 
not in the endoscopic (EsophyX) group. The esophageal acid exposure time was 
normal in 50 % of cases after EsophyX and in 100 % of cases after surgery 
(P = 0.033). They concluded that EsophyX fundoplication was significantly less 
effective than laparoscopic fundoplication in improving reflux parameters and in 
inducing symptom remission in patients with refractory GERD [51].

The same working group [52] aimed to evaluate reflux parameters and their rela-
tionship with symptoms before and after laparoscopic fundoplication, on and off 
PPI therapy, respectively, in patients with PPI-unresponsive heartburn/regurgitation 
and with a positive symptom-reflux association and/or abnormal reflux parameters 
detected on PPI therapy. The authors described that esophageal AET (100 %) as 
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well as the number of total (77 %) and proximal reflux (95 %) events and of acid 
(92 %) and weakly acidic (65 %) refluxes decreased significantly after surgery in 
patients with refractory GERD. The authors concluded that laparoscopic fundopli-
cation improves acid and weakly acidic reflux parameters when compared with PPI 
therapy and strongly support that surgical option should be considered in PPI fail-
ures patients with GERD confirmed with pathophysiological test [52].

In a recent study, normal reflux parameters and sustained symptom remission at 
a 3-year follow-up, i.e., GERD cure, were achieved with laparoscopic fundoplica-
tion in 90 % of patients with PPI-refractory GERD as diagnosed by on-PPI imped-
ance-pH monitoring [53]. Interestingly, this study shows that weakly acidic refluxes 
are the main determinants of PPI refractoriness: preoperatively, positive symptom/
reflux indexes and abnormal reflux parameters were mainly associated with weakly 
acidic refluxes; postoperatively, persistent remission of heartburn/regurgitation was 
associated with total/subtotal abolition of weakly acidic refluxes [53].

On-PPI impedance-pH monitoring is warranted in all PPI-refractory patients 
before laparoscopic fundoplication in order to establish a cause-and-effect relation-
ship between reflux and heartburn/regurgitation persisting despite PPI therapy; 
indeed, no reflux pattern can be demonstrated associated with PPI failure at off-PPI 
testing [29]. Impedance-pH monitoring should always be preceded by esophageal 
manometry to rule out severe esophageal motility disorders. Surgery is indicated in 
patients with abnormal impedance-pH parameters and/or positive symptom-reflux 
associations. When symptom reflux correlation (SI/SAP) fails, PSPW index and 
MNBI appear ready for prime time. Their applicability and reproducibility are very 
high, [44] and few additional minutes only are required for their calculation during 
visual analysis of tracings. Currently, visual analysis of impedance-pH tracings is 
necessary because automated software analysis is not accurate enough [54]. PSPW 
index and MNBI appear particularly useful when GERD diagnosis is in doubt, i.e., 
when esophageal AET and the number of total refluxes are normal and SAP and SI 
are negative or discordant, or the patient denies symptoms during the impedance-pH 
study or admits poor accuracy in symptom recording: in these instances, when 
PSPW index and/or MNBI values are abnormal, GERD diagnosis cannot be dis-
missed (Fig. 14.3). SAP and SI should not be abandoned, however, as there is some 
evidence that they can predict positive outcome following laparoscopic fundoplica-
tion [53, 55, 56]. Whether PSPW index and MNBI can predict response to anti-
reflux interventions remain an open issue to be addressed in future studies.

To conclude, MNBI and PSPW index might be considered up-and-coming param-
eters that can be helpful to better investigate patients with GERD-related symptoms, 
particularly when symptom-reflux association indexes fail to do it. These parameters 
make pathophysiological sense and certainly deserve a chance in redeeming the clini-
cal value of ambulatory pH-impedance testing. For sure, further researches are needed 
to determine if normal MNBI and PSPW index in the setting of normal pH and normal 
conventional impedance parameters would be the benchmark for diagnosis of func-
tional esophageal symptoms. Other confounders in the assessment of these parame-
ters need to be evaluated, for instance, the contribution of abnormal motor function or 
esophageal dilation. Recently Gyawali [57] suggested that software tools need to be 
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developed by companies marketing pH-impedance to simplify calculation of these 
parameters, as both MNBI and PSPW index need to be rigorously studied and poten-
tially adapted for clinical use in the short term.
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