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Abstract
Endoscopic submucosal dissection (ESD) is well 
established in Asia as a modality for selected advanced 
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lesions of both the upper and lower gastrointestinal 
tract, but ESD has not attained the same niche in 
the West due to a variety of reasons. These include 
competition from traditional surgery, minimally invasive 
surgery and endoscopic mucosal resection. Other 
obstacles to ESD introduction in the West include time 
commitment for learning and doing procedures, a steep 
learning curve, special equipment, lack of mentors, cost 
issues, interdisciplinary conflicts, concern regarding 
complications and lack of support from institutions and 
interfacing departments. There are intrinsic differences 
in pathology prevalence (e.g. , early gastric cancer) 
between the two regions that are less conducive for 
ESD implementation in the West. We will elaborate on 
these issues and suggest measures as well as a protocol 
to overcome these obstacles and hopefully allow 
introduction of ESD as a tenable option for appropriate 
patients.

Key words: Endoscopic submucosal dissection; Gastric 
cancer; Barrett’s esophagus; Endoscopy training; Colon 
cancer; Rectal cancer 

© The Author(s) 2018. Published by Baishideng Publishing 
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Core tip: Endoscopic submucosal dissection (ESD) is a 
well-accepted and widely employed modality in Asia for 
resection of advanced mucosa-derived lesions of the 
gastrointestinal tract including early cancer However 
ESD is not widely utilized in the West for a variety of 
reasons including lack of mentors, steep learning curve, 
cost issues and concern for complications. The authors 
describe these obstacles to the implementation of ESD 
in the West and measures to overcome them and begin 
an ESD program. We give a Western perspective on 
the current status of ESD for lesions of the esophagus, 
stomach and colorectum.
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INTRODUCTION
Endoscopic submucosal dissection (ESD) has enabled 
resection of larger and more histologically advanced 
epithelial - based lesions including early cancer of 
the upper and lower gastrointestinal tract as well as 
a broad array of submucosal lesions, that previously 
had necessitated surgical removal. ESD allows en-bloc 
resection with precise pathological staging and potential 
cure. It was invented in Japan where now it is well-
established and subsequently permeated into the other 
East Asian areas[1]. ESD has been slow to be adopted 
in the West, and its penetration in the United States is 
especially poor. This disparity regarding ESD availability 
and implementation respectively in the East and West has 
had extensive examination with perspective from both 
areas[2,3]. However, ESD may have finally arrived in the 
West as it is now critically reviewed in mainstay American 
gastroenterology journals[4,5]. 

ESD is a minimally invasive endoscopic/surgical pro
cedure technique for curative resection of advanced 
lesions including early gastrointestinal (GI) cancer. If 
curative, it can obviate surgery (laparoscopic or open) that 
otherwise would be needed for resection. This essence of 
the value of ESD is less obvious when comparisons are 
made to endoscopic mucosal resection (EMR) rather than 
to surgery. The value of ESD is more enhanced when 
early GI cancer is readily identified at endoscopy. This is 
arguably done better in the East (especially Japan) where 
the endoscopist is more apt to spend more time examining 
the entire gastric mucosal surface, employ magnification, 
chromoendoscopy and light filtering technique such as 
NBI and generally better appreciate the appearance of 
early GI cancer. The accepted classification systems for 
early GI cancer emanate predominantly from the East. 
There are mass screening programs for gastric cancer in 
Japan (not in the West) with both the endoscopist and 
pathologist vigilant for early gastric cancer (EGC).

The European Society of Gastrointestinal Endoscopy 
(ESGE) consensus guidelines on the role of ESD in the 
resection of more common mucosal - derived lesions 
of the GI tract reflect a relatively limited niche[6]. This 
panel concluded that most rectal and colonic superficial 
lesions can be effectively removed with traditional snare 
polypectomy and/or EMR. ESD is considered for colorectal 
lesions with a significant suspicion of limited submucosal 
invasion based on an irregular (non-granular) surface or 
depressed morphology that are not amenable to snare 
removal. EMR is the preferred approach for removal for 
Barrett’s lesions with curative intent in that ESD has not 
been demonstrated to be superior. ESD, however, may be 
considered for Barrett’s lesions larger than 15 mm, poorly 
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lifting lesions and lesions with a concern for submucosal 
invasion. The panel did recommend ESD to achieve 
endoscopic en-bloc resection of superficial esophageal 
squamous cell cancers with the exclusion of those with 
obvious submucosal invasion. EMR may be considered for 
SCC’s < 10 mm. ESD, though, was acknowledged as the 
first option to provide complete resection and accurate 
pathological staging. Also, ESD was recommended as the 
treatment of choice for most gastric superficial lesions. 
EMR may be an acceptable option for lesions < 10-15 
mm and low probability of advanced pathology (Paris 0-
ⅡA)[6]. Thus ESD is the accepted standard for EGC if 
tumor size < 2 cm, intramucosal, intestinal gastric cancer 
histology and no ulceration.

BARRETT’S ESOPHAGUS AND CANCER
The 2015 ESGE guidelines favor EMR over ESD for Barrett’s 
esophagus and early cancer except for larger and more 
advanced lesions[6]. The two modalities were comparable 
in terms of recurrence and complication rate with ESD 
more time consuming[7] (Table 1). In a small randomized 
controlled trial (20 subjects each group) comparing ESD 
to EMR for Barrett’s high-grade dysplasia or early cancer 
(< 3 cm), the two groups were comparable again in 
terms of remission, occurrence and need for surgery[8]. 

Complete resection was five times more likely in the 
ESD group, though the two severe adverse events was 
seen in the ESD group as well. Their compilation of ESD 
data reflects success with en-bloc resection though some 
series had significant complication rates (Table 2). Some 
ESD groups had no strictures but others had a stricture 
rate up to 50%[9-11]! More recent comparative studies and 
commentary reinforced the feasibility and safety of ESD 
in the West for BE and EAC with better R0 resection rates 
than EMR and the de facto choice for larger (> 3 cm), 
nodular, scarred and ulcerated lesions[12-14].

The Western centers foray into ESD for early 
esophageal cancer reflects mixed results and a fairly steep 
learning curve. A multicenter ESD study with resection 
of HGD or EAC had a R0 resection, curative and stricture 
rate of 76%, 70% and 15%[12]. Our center’s resection 
experience with resection of cancer (EAC and SCC) and 
HGD yielded an en-bloc, R0, curative and stricture rate 
of 98%, 83%, 74% and 10% respectively (Figure 1). 
There was a significant decrease in procedure time with 
experience[15]. 

ESD in the esophagogastric junction is technically 
difficult and should be restricted only to higher volume 
specialized centers. Barrett’s is less frequent in Japan 
where is more overall ESD expertise and this may hinder 
ESD in its comparison with EMR for BE resection results.

ESD 
Early gastric cancer
Five pioneering Western ESD centers detailed their 
results for resection of gastric cancer[16-20] (Table 3). En-
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bloc resection was obtained in over 80% of subjects 
with 64%-92% achieving cure. However, there was a 
10%-20% complication rate with no mortality in 4/5 
series and 3% mortality in one series.

The Japanese suggested expanded criteria for ESD in 
EGC to include larger lesions (> 3 cm), ulcerated lesions 
of smaller size (< 3 cm), superficial submucosal lesions 
< 500 micrometers and possibly diffuse histology 
EGC if < 20 mm and consistent with absolute criteria 
above[21] (Table 4). Long-term outcomes of patients 
with expanded criteria including larger lesions (> 3 cm), 
ulcerated lesions of smaller size (< 3 cm) have excellent 
reported results in a Japanese multi-center prospective 
study[22]. However, enthusiasm in the West for ESD in 
EGC was tempered by a study demonstrating increased 
tendency for lymph node metastases in EGC for non-
Asian subjects matched to Asian subjects with similar 
histopathological findings[23]. A German study of EGC 

subjects having surgery demonstrated a lymph node 
metastases rate of 21%/16%/40% respectively, for 
sm1/sm2/sm3 tumor extension[24]. Thus, there is debate 
among European medical societies about extrapolation 
of the Japanese expanded criteria to European subjects. 

A more recent European study validated the success 
of ESD in EGC even with expanded criteria subjects 
as well showing improved technical performance with 
greater speed and better clinical results[25] (Table 5). 
However, the racial/regional differences issue in EGC 
still somewhat lingers in that complete resection rates 
were less than most Asian studies and there was a 1% 
mortality compared to a negligible rate in Asia. There 
was a non-statistical superiority of survival of subjects 
with guideline entry criteria compared to those with 
expanded criteria but this appeared at 7 years with a 
13.2% mortality with guideline criteria and 18.4% with 
expanded criteria (Figure 2). 

Table 2  Endoscopic submucosal dissection for Barrett’s high-grade intraepithelial neoplasia and early adenocarcinoma

Table 1  Endoscopic mucosal resection vs  endoscopic submucosal dissection for early Barrett’s and esophagogastric junction 
neoplasia

ESD-6 Asian studies EMR-10 Western studies Odds ratio P -value

Outcome No. of studies n (%) No. of studies n  (%) (95%CI)
Recurrence rate 6 1/333 (0.3) 5 10/380 (2.6) 8.55 (0.91, 80.0) 0.06
Perforation 6 5/335 (1.5) 9 8/686 (1.2) 1.07 (0.20, 5.62) 0.94
Delayed bleeding 6 7/335 (2.1) 9 8/686 (1.2) 0.46 (0.12, 1.75) 0.26
Stricture 5  7/207 (3.4) 7 3/456 (0.7) 0.21 (0.03, 1.41) 0.11
Method No. of studies Pooled procedure time (95%CI)
EMR 2 36.7 (34.5, 38.9)
ESD 5   83.3 (57.4, 109.2)

Modified from Komeda et al[7]. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Reference Chevaux et al [9] Kagemento et al [10] Höbel et al [11] Tergheggen et al [8]

Subjects 75 19 22 17
Study design Retrospective Retrospective Retrospective Prospective
Rates of resection
   En-bloc 90% 100% 96% 100%
   R0 resection rate 64% 85% 82% 59%
   Curative rate 64% 65% 77% 93%
Adverse events
   Bleeding 3% 4% 9% 0%
   Perforation 4% 0% 5% 12%
   Stricture 60% 15% 14% 0%

Modified from Terheggen et al[7].

Reference N Follow-up (yr) Mortality (%) En-bloc  resection (%) Curative resection (%) Surgery (%) Recurrence (%)

Cardoso et al[16] 15            1 0 80 74 8 8
Catalano et al[17] 12 2.5 0 92 92 8 8
Probst et al[18] 91 2.3 0 87 72   12    5.6
Schumacher et al[19] 28            2    3.4 90 64 7   11
Pimental-Nunes et al[20]    136 2.2 0 94 82 7 7

Modified from Oyama et al[2].

Friedel D et al . Introduction of ESD in the West
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Colorectal ESD
The predominance of colon polyps and cancer relative to 
early gastric cancer in the West would theoretically allow 
Western physicians to garner needed ESD experience, 
but unfortunately, Western societal guidelines and 
thought leaders are not encouraging in this regard. As 
mentioned, the 2015 ESGE guidelines relegates ESD for 
colorectal lesions that are larger, likely more invasive or 
clearly not amenable to EMR[6]. In the United States, Dr. 
Ginsburg stated: “ESD over EMR for the vast majority 
of colorectal neoplasms (i.e., adenomas) cannot be 
reconciled with the increased risk and procedure 
duration”[26]. Dr Rex stated: “Colorectal ESD, and en-
bloc resection in general, are powerful concepts that 
currently come with a high price tag for most American 
colonoscopists. However, we acknowledge that as with 
many evolving technologies, deciding whether to learn 

colorectal ESD is “gray” not “black and white”[27]. Rex’s 
group calculated the NNT for ESD to obviate surgery 
is 7 which was characterized as “a lot of work” but 
arguably individual patients may disagree! Moreover, 
this calculation may be flawed in that they only consider 
lesions with superficial SM invasion. However, there 
are two other scenarios where ESD can spare patients 
from colectomy: Aborted EMR due to fibrosis/non-
lifting/difficulty in snare positioning-approximately 
5% in Moss[28]) and intractable recurrences after EMR 
(approximately 2%) Including these scenarios, the 
NNT may be as low as approximately 5! A cogent 
argument favoring ESD over EMR is the high relative 
en-bloc resection and potential curative rates. A recent 
meta-analysis comparing the two modalities favored 
ESD with pooled odds ratio (OR) for en-bloc resection, 
cure and recurrence respectively of 6.8, 4.3 and 0.08 

ESD characteristics n = 41
   En-bloc resection, n (%) 40 (97.5)
   Procedure time (min), median (range) 92 (10-291)
   Lesion size (cm), mean diameter (range) 1.9 (0.5-3.9)
   Total AEs n (%) 8 (20%)
Early AEs (within 24 h)
   Self-limited bleeding (no endoscopy) 1 patient
   Prophylactic stent at time of ESD 1 patient
   Transient self-limited pain and fever 1 patient
   Glue to cover deep mp defect 1 patient
Late AEs (beyond the first 24 h)
   Strictures [all successfully dilated over a median of 3 sessions (1-4)] 4 patients
Histopathology n = 41
   RO resection, n (%) 7 (17)
   at lateral margin 4 (57.1)
   at deep margin 1 (14.2)
   at both margins 2 (28.5)
   Depth of invasion of carcinomas 34 cancers
Adenocarcinoma
   Pt1a 17 (63%)
   Pt1b 9 (33%)
   pT2 (R0 including superficial muscularis) 1 (4%)
Squamous cell carcinoma
   Pt1a 5 (71%)
   Pt1b 2 (29%)

C

Barrett's Adenocarcinoma Barrett's HGIEN
Squamous cell carcinoma Adenoma

5.12%

2.5%

7.17% 27.66%

Histology of lesion

B Esophageal ESD learning curve
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Figure 1  NYU Winthrop esophageal endoscopic submucosal dissection experience. A: ESD characteristics and histopathology; B: Histology of lesions; C: 
Learning effect on procedure time; D: Learning effect on R0 resection rate. AEs: Adverse events; ESD: Endoscopic submucosal dissection.
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Table 4  Endoscopic submucosal dissection for early gastric cancer

respectively[29]. “Enhanced” EMR with cold snare and 
water immersion minimally lessened this relative 
disparity with the cold snare group showing 18% 
recurrence at 5 mo for lesion > 2 cm[30] and the water 

immersion group had a 10% recurrence rate for these 
lesions at 6 mo[31]. 

Cost analysis comparisons of colon EMR vs ESD 
would favor the former in the short run because of 

Histology Depth

Mucosal cancer Submucosal cancer
No ulceration Ulcerated SM1 SM2

≤ 20 > 20 ≤ 30 > 30 ≤ 30 Any size
Intestinal 1 3 3 4 3 4

Diffuse 2 4 4 4 4 4

1Guideline criteria for ESD; 2Consider surgery; 3Expanded criteria for ESD; 4Surgery (gastrectomy + lymph node dissection). ESD: Endoscopic submucosal 
dissection.

Table 5  Major Western endoscopic submucosal dissection series for early gastric cancer n  (%)

Guideline criteria Expanded criteria Out of indication P -value

179 subjects 53 subjects 87 subjects 30 subjects
Post ESD endoscopic follow-up 53/53 (100) 84/87 (97) 27/39 (69) < 0.001
Follow-up median (mo) 51 56 36 NS
Curative resection 47/53 (89) 65/87 (75) 0   0.07
Local recurrence 0 4/84 (5) 3/27 (11)   0.06
Post ESD surgery 0 3/87 (3) 12/39 (31) < 0.001
Metastases 0 1/84 (1) 3/27 (11)    0.005
Gastric cancer mortality 0 0 3 (8)    0.004
All-cause mortality 7 (13) 16 (18) 11 (28)   0.19

One hundred and seventy-nine ESD procedures for EGC over 12 years-about 15/year (modest compared to Asian centers). This Western center’s learning 
curve: 1st block of ESD’s (1-96) compared to 2nd block (97-191). R0 resection increased from 60% (57/96) to 93% (88/95) (P < 0.001). Median procedure time 
decreased from 148 to 110 min (P < 0.001). Modified from Probst et al[25]. ESD: Endoscopic submucosal dissection; NS: Not significant; EGC: Early gastric 
cancer.

A B

C D

Figure 2  Endoscopic submucosal dissection of early gastric cancer (NYU-Winthrop).
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longer procedure time and associated anesthesia 
as well as need for more expensive equipment with 
ESD, but ESD is more cost-effective in the long term 
because of its significantly better curative resection rate 
with less incumbent need for subsequent surveillance 
colonoscopy[32]. Another group compared various 
strategies for sessile lesions and lateral spreading 
colorectal lesions > 2 cm including wide field EMR (WF-
EMR), selective ESD (S-ESD) and universal ESD[33] 
(Table 6). Selective ESD was performed when there 
was concern for submucosal invasion including lesions 
that were non-lifting, Paris 2C in appearance or with 
Kudo V pit pattern. S-ESD was preferred for all but 
rectal lesions. However, the study design favored EMR 
by including 18% rectal lesions, and in earlier work 
by the same group, there was 16% recurrence after 
EMR at 4 mo with an additional 4% new recurrences in 
those patients at 16 mo for a total of 20% cumulative 
recurrence by 16 mo[28]. For ESD, recurrence rate in 
a meta-analysis of 104 colorectal ESD studies[34]: 1% 
at 19 mo and 0.04% if R0 resection! In another meta-
analysis[35] comparing colon EMR vs ESD, recurrence 
was 0.9% for ESD.

Starting an ESD program
The Western ESD pioneers will likely have their R0 
resection rates and significant complications closely 
scrutinized by their gastroenterology colleagues, 
surgeons, tumor boards and administration (Table 7). 
Cost-effectiveness will be an ongoing debate at most 
institutions but, if curative resection and significant AE 
rate are satisfactory, one can effectively advocate for 
ESD by emphasizing the benefits of having an ESD 
program (Table 8). Enhanced EMR methods such as 
circumferential mucosal incision (CMI) or circumferential 
submucosal incision (CSI) followed by snare removal 
have not shown R0 or curative resection rates comparable 
to traditional ESD but can help build ESD skills[36,37]. The 
performance of ESD is often a multi-hour endeavor and 
anesthesia, nursing and ancillary personnel should be 
aware of their roles. Ergonomic consideration should be 
given to both the operator and the patient-two deaths in 

a European study may have related to thrombosis[6,38,39]. 
In addition, both the patient and pathology should be 
appropriately triaged (Table 7). Appropriate medical or 
other discipline clearance should be obtained beforehand. 
Endoscopic and pathologic data should be evaluated with 
caution. Concordance of biopsy and resected specimen 
pathologic diagnosis of gastric polyps > 5 mm is only 
55%-77%[40,41]. Concordance of biopsy and resected 
specimen pathologic diagnosis of colon polyps in one 
study was only 60%[42].

There are progressive phases or stages typically 
necessary for development of ESD skills. Initially, 
one acquires basic knowledge via texts, reviews and 
courses. Lesions should be properly assessed including 
use of enhanced imaging. Knowledge of electrosurgical 
generators and their appropriate settings for the various 
ESD stages as well as familiarity with the common 
electrosurgical knives. Overall, one should develop 
an understanding of ESD techniques, indications, 
limitations, risks and expected outcomes. Subsequently, 
training can be obtained in ex vivo animal models 
including pig esophagus/stomach and bovine rectum. 
Expenses may be possibly defrayed by industry support 
in anticipation of equipment necessary for an ESD 
program. Before embarking on ESD cases in humans, 
one should observe live ESD cases by experts; probably 
a minimum of 20 cases. Trainees can likely assist in 
ESD cases by their mentor experts. A trip to Japan 
with concentrated exposure and ideally hands-on 
experience can also be useful[43]. These experts may 
also travel to regional meetings. Experts may also view 
a video of your technique with suggestions[44]. The 2010 
ESGE White Paper suggested performance of 30 ESDs 
reaching speed of 30 min/5 cm lesion in live animals as 
well as management of simulated complications such 
as bleeding and perforation prior to clinical ESD[45,46]. 

Once the operator begins to perform clinical ESD, 
there must be a sufficient volume of cases to maintain 
and improve techniques. This would be a minimum 
of two cases per month but preferably at least a case 
weekly[2,47]. In the “step-up” approach of transitioning 
from clinical training to competence, one would do 

Table 6  Cost analysis-endoscopic submucosal dissection vs endoscopic mucosal resection for colorectal lesions

   ESD vs Wide-field EMR for large sessile and lateral spreading lesions > 2 cm: Cost analysis
   Selective ESD prevented 19 additional surgeries per 1000 cases at slightly lower cost compared with WF-EMR
   U-ESD could prevent an additional 13 surgeries per 1000 cases compared with S-ESD but at substantially increased cost of > 21000 dollars (Australian) 
per surgery avoided
   Expanded ESD criteria (Japanese Gastrointestinal Endoscopy Society) adding mainly granular lesions > 4 cm added little additional benefit
   Authors stated U-ESD is “unjustified” given WF-EMR effectiveness for benign lesions of LR-SMIC
   Subgroup analysis of only rectal lesions concluded WF-EMR including trans-anal resection was as effective as S-ESD and still less costly
   Because of the higher prevalence of SMIC in the rectum, the incremental cost per surgery avoided by U-ESD decreased to $87066 and dropped to $32132 
among non-granular rectal lesions. U-ESD became the least costly and most effective strategy among higher risk non-granular Paris 0-is rectal lateral 
spreading lesions
   Study design: Selective ESD strategy was employed for lesions suspicious for SMIC-all others had WF-EMR. Pathology after ESD revealing high - risk 
SMIC necessitated surgery. LR-SMIC on pathology at the ESD were considered cured

After Behin. Gut 2017. U-ESD: Universal ESD; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; LR-SMIC: Low prevalence 
of low risk submucosal invasive cancer; WF-EMR: Wide field endoscopic mucosal resection; S-ESD: Selective endoscopic submucosal dissection; SMIC:
submucosal invasive cancer.
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20-30 supervised cases-optimally in the antrum or 
rectum where management of complications is easiest 
with a subsequent 20-30 cases in more challenging 
areas with the goal of achieving > 80% en-bloc resection 
and < 10% complications in 20 consecutive cases[45]. 

The next phase is the transition from competence to 
proficiency-usually > 80 cases. This is mostly a result 
of self- training to attain proficiency with an en-bloc 
resection rate ≥ 90% and dissection speed ≥ 9 cm2/h. 
“Master classes” and/or additional observation of live 
cases by experts may help at this stage (refine skills 
and acquire more advanced tips and tricks). The next 
and last phase is mastery after hundreds of cases with 
a curative rate > 80% and teaching of other physicians. 
The difficulty of ESD varies by location with the proximal 
stomach, colon flexures and ileocecal valve/appendiceal 
areas and ESD in the small intestine including the 

duodenum reserved for true experts (Figures 3 and 4).

CHALLENEGES FOR WESTERN ESD 
OPERATOR
The Western ESD operator is at a distinct disadvantage 
compared to his Asian counterpart with the latter 
having widespread acceptance, existent infrastructure, 
choices of mentors and ample pathology. In the West, 
the relative paucity of early gastric cancer cases relative 
to colon and esophageal pathology is a particular 
challenge. As mentioned, the Western endoscopist 
may be less attuned to the appearance of EGC. There 
are about eight times more cases of gastric cancer 
in Japan than in the United States[48]. SEER database 
analysis over a recent decade in the United States 
noted 43769 cases of gastric adenocarcinoma of which 

Table 7  Caveats for the endoscopic submucosal dissection pioneer

ESD: Endoscopic submucosal dissection; GI: Gastrointestinal.

   Start clinical ESD only after extensive pre-clinical training
   Start with easier lesions
   Avoid “unprincipled ESD”
   Record and monitor closely outcomes and complications- consider registry and videos
   Be familiar with techniques for endoscopic management of complications
   The main complications (perforation and bleeding) can almost always be managed (or even prevented in the case of bleeding) by skillful application of 
clips and coagulation
   Experience with endoscopic clip placement and coagulation grasper application is essential (experience with endoscopic suturing is highly desirable)
   Avoid mistakes in selecting and scheduling cases-many referral reports lack detailed information on morphology, size, location, prior manipulation
   Morphology (e.g., Paris classification) may suggest a more advanced lesions that was appreciated on the index endoscopy and biopsy that may require 
expedited scheduling
   Index biopsies may be misleading (obtained from the periphery rather than depressed areas of 2c or 1s lesions missing a carcinoma)
   Biopsies yielding only dysplasia may result in a publicly delayed resection of cancer
   Concordance of biopsy results and ultimate post-resection pathology is fair at best
   EDUCATE your referring physicians-AVOID inappropriate India ink tattooing and “partial snare resections”/hot forceps/jumbo forceps for “diagnosis 
or “attempted” hasty resections (tackling lesions where probability of complete EMR is low)
   Lack of experience in delineating early GI cancer main lead to excessive sampling biopsies
   DISCOURAGE APC to” vaporize “grossly” evident residual tumor or aggressive/many biopsies of delicate flat lesions (SSA’s)
   ENCOURAGE: (1) detailed descriptions: size, morphology; (2) lots of pictures; (3) giving print out with color pictures to the patient and d) having 
referring physicians transit “money” shots of lesion to you
   Put post - resection specimens on corkboard and educate pathologist about specifics of resection
   Pathologists should properly orient specimens with ≤ 2 mm slices
   Pathology report should comment on adequacy of resection including deep and lateral margins with measurement of submucosal invasion with 
micrometer measurements as well as the differentiation (G1-G3)
   Optimally there should be desmin staining of the muscularis mucosa noting the pattern of SM invasion, e.g., budding
   Comment should be made regarding  lymphovascular invasion with elastin Van Gieson stain to delineate venules and the D2 – 40 immunostain for 
lymphatics (important)
   Multidisciplinary input and communication including nursing, technicians, anesthesiologists, surgeons and oncologists
   The patient should be evaluated as dictated by medical history by internists, cardiology and pulmonary medicine with particular attention to 
anticoagulants and antiplatelet drugs
   Ergonomic considerations are given to both ESD operator and patient

Table 8  Benefits of institution endoscopic submucosal dissection program

Potential benefit in avoiding surgery/organ resection
“Downstream revenue “from increased services and subsequent referral to surgery/oncology of patients (possibly up to 20% of ESD’s performed)
Enhancement of overall institutional prestige
ESD is a necessity for any institution purporting to be a tertiary referral center for luminal GI tract
Enhanced recruitment of trainees and faculty after establishment of ESD program

ESD: Endoscopic submucosal dissection; GI: Gastrointestinal.
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1826 were EGC-only 203 cases yearly[49]! Absence of 
suitable lesions was the main perceived obstacle to 
ESD implementation in the West as per a survey of 40 
ESD trainees at a conference[50]. There are different 
approaches in the West to this obstacle of too few EGC 
cases. The “step-up” approach for “untutored learning” 
in the West recommends starting with UGI lesions 
where ESD is easier and most beneficial (resecting early 
cancers). But this approach is problematic for several 
reasons. UGI lesions are rare (unlike colon lesions) 
and would make it difficult to achieve the 2 lesions/mo 
requirement. An R1/Rx resection (a common error 
during ESD learning) is much more detrimental in the 
UGI tract than in the colon; especially if high risk colon 
lesions are avoided during learning. For UGI lesions 
(often carcinomas) patient would be subjected to 
highly morbid surgery (esophagectomy/gastrectomy) 
whereas for colon adenomas/HGIEN careful follow-up/
further endoscopic treatment is sufficient for most R1 
resections[51]. 

Another approach to the relative paucity of early 
gastric cancer in the West for the ESD operator is to 
have a prevalence based or ad hoc strategy[51]. Berr 
described this relatively untutored ad hoc strategy 
where 80% of his first 50 cases were in the colorectum, 
and he clearly documented improved rates of en-blo 
and R0 resection as well as a lower perforation rate 

and increased speed of dissection with increasing 
experience[51]. A South Korean study of colorectal ESD 
without prior gastric ESD experience noted the same 
positive trends as the Berr group with more cases and 
the performance > 100 ESDs, rectal ESD and lack of 
submucosal fibrosis were independent predictors of 
success[52]. Competence was defined as 80% en-bloc 
resection rate and statistically significant decrease in 
operative time[53]. An Italian endoscopist with prior 
EMR experience did not transition to colon ESD until 
ESD competence was demonstrated in the rectum[54]. 
All lesions were > 2 cm, and again increased en-bloc 
resection rates were noted with increased experience 
as well as decreased operative time, but defined 
competence was noted after only five cases in the 
rectum but required 20 cases in the colon[54].

NYU Winthrop ESD experience
The NYU Winthrop ESD experience was also untutored 
with gradual progression of skills (Figure 5). There 
was progression from ESD to natural orifice translumi
nal endoscopic surgery (NOTES) including POEM, 
submucosal tunnel endoscopic resection (STER) and 
endoscopic full-thickness resection (EFTR)[55]. The initial 
four year experience reflected the learning curve with 
53% and 75% en-bloc resection rates respectively for 
early mucosal neoplasms and submucosal tumors[56] 
(Table 9). We studied the relative utility of various 
electrosurgical devices during this period[57]. We have 
performed over 500 ESD’s with progressively faster 
dissection rate and presently an en-bloc resection 
> 90% (Figure 6). We have resected early mucosal 
neoplasms and submucosal lesions from the esophagus, 
stomach, duodenum and colorectum as well as ileocecal 
valve polyps that extended into the ileum[55,56].

ESD complications
The significant adverse events of hemorrhage and 
perforation are more common in ESD then with EMR, 
and a major concern for the fledgling ESD operator, 
though, as mentioned, the complication rate diminishes 
usually with experience and likely is better managed by 
the more seasoned operator[46,50]. The ESD resection 
bed should be copiously irrigated to assess for vessels 
that may cause subsequent post - resection bleeding. 
The main complications (perforation and bleeding) 
can almost always be managed (or even prevented in 
the case of bleeding) by skillful application of clips and 
coagulation Experience with endoscopic clip placement 
and coagulation grasper application is essential 
(experience with endoscopic suturing is highly desirable) 
(Table 7). There is controversy as to the necessity of 
closing the ESD post-resection defect. Proponents of 
closure cite less delayed bleeding and perforation as 
well as earlier discharge with associated decreased 
cost, but the data is limited to date[58]. Opponents argue 
that closure may complicate subsequent surveillance 
or further resection at the ESD site by creating artificial 

Gastric ESD difficulty by location

Easy location
Moderate difficulty
Hardest location
Risk of stenosis

Figure 3  Gastric endoscopic submucosal dissection difficulty by location. 
ESD: Endoscopic submucosal dissection.

Figure 4  Relative endoscopic submucosal dissection difficulty by 
location. ESD: Endoscopic submucosal dissection; EGJ: Esophagogastric 
junction.
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Table 9  Western Center initial endoscopic submucosal dissection series n  (%)

nodules or other “lesions” and/or burying residual 
neoplastic tissue and questionable cost-effectiveness[59]. 
Use of an omental patch may help in perforation closure 
either with clips or endoscopic sutures. Berr noted 
the relatively low rate of colonic ESD complications 

in early operators reported in the Japanese literature 
(< 12.5%) may not extrapolate to the Western ex
perience[51]. The Japanese trainees were tutored by 
experts and reportedly completed less than half of their 
initial procedures. A more “real-life” elaboration of the 

2001-2004 Observation of ESDs by
Yahagi, yamamoto at live courses

toronto/NYSGE

2004 ESD
trainning in live

animal lab

2008 ESD
subepithelial

tumors
2009 POEM

2012 STER
EFTR

Figure 5  Chronology of endoscopic submucosal dissection development in a Western Center. ESD: Endoscopic submucosal dissection; STER: submucosal 
tunnel endoscopic resection; EFTR: endoscopic full-thickness resection.

Figure 6  NYU-Winthrop endoscopic submucosal dissection experiences. A: ESD pathology; B: ESD R0 rates; C: UGI ESD dissection speed. ESD: Endoscopic 
submucosal dissection.
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Total Lesions 38 (43) Total lesions 51 (57)
Size, mean millimeters (range)    26 (5-90) Size, mean millimeters (range)    18 (8-55)
Complete en-bloc resection (R0 deep + lateral margins) 20 (53) Complete en-bloc resection (completeness assessed 

endoscopically)
38 (75)

Complete 2-piece resection 5 (10)
incomplete resection 8 (15)

Histologic diagnosis Histologic diagnosis 
T1 carcinomas/adenomas with HGD 16 (42) GIST 12 (23)
Adenomas w/o HGD 10 (26) Pancreatic rests 11 (21)
No residual adenoma granulation tissue 11 (29) Lipomas   8 (16)
Unclassified 1 (3) Carcinoids   6 (12)

Granular cell tumors 3 (6)
Leiomyomas   8 (16)

Other 3 (6)

SETs: Subepithelial tumors; EMNS: Early mucosal neoplasm; GIST: Gastrointestinal stromal tumors; HGD: High grade dysplasia.
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initial ESD French experience noted 11% and 18% 
hemorrhage and perforation rate respectively with en-
bloc and R0 resection rates of 77%/73% respectively[60]. 

Berr[51] had suggestions for the “colon heavy-
untutored/prevalence based” ESD learners based on his 
retrospective video analysis of his own work including 
avoiding: (1) wide SM injection around the lesion 
(which forces a “perpendicular” instead of “tangential 
approach”); (2) injection deep to muscle layer (lack 
of submucosal fluid cushion); (3) disruption of vessels 
leading to hematoma and loss of transparency of 
submucosa; (4) dissection without direct vision of 
the tip of the knife; (5) contact coagulation of small 
vessel directly on colonic proper muscle layer; and (6) 
mucosal incision using knife in “pullback fashion” across 
a haustral fold[51]. 

Another peril of over-extrapolating ESD results from 
Japan to the West concerns pathology. One should be 
cautious concerning extended Japanese indications for 
gastric ESD (particularly SM1 invasion) (Table 4). The 
local pathologist may not be as accurate and experienced 
as expert Japanese pathologists (all SM1 invasion is not 
created equal (extensive vs focal, tumor budding, etc.) 
As reviewed, some surgical studies purport to show 
that early gastric cancer in the West may behave more 
aggressively[23,24]. One must discuss risk of metastatic 
cancer (even after “curative ESD”) and metachronous 
cancers and need for surveillance as even intramucosal 
carcinoma has a low but not negligible rate of metastasis 
(e.g., 1%-2% for Barrett’s intramucosal carcinoma 
or HGD[61]). The recurrence rate of T1b carcinoma in 
the rectum (4.2%-4.5%) is higher than in the colon 
(1.5%-1.9%)[4-6]. Follow-up colonoscopy as well as 
periodic CEA, abdominal ultrasonography, and thoracic 
and abdominal CT should be performed. However, no 
clear consensus was reached regarding the particular 
method and time of surveillance[62]. Metachronous 
lesions occur in 10%-30% in early 3-5 years follow-up 
post gastric, esophageal, colon resection[4,5]. Endoscopic 
surveillance is important.

Rectal ESD
Rectal ESD merits specific mention as it is in fierce 

competition with burgeoning techniques of trans-anal 
surgery including trans-anal endoscopic microsurgery 
(TEMS), trans-anal minimally invasive surgery (TAMIS) 
and a host of other platforms. Surgeons have the 
apparent advantage of better and innovative equipment 
including robotic devices as surgical resection via 
endoscopy is a natural extension for this discipline. A 
provocative meta-analysis compared ESD and TEM for 
rectal lesions demonstrated a relative procedure time, 
en-bloc resection rates, R0 resection rates, recurrence 
rates for ESD/TEM of 96/67 min, 88%/99%, 75%/88%, 
2.6%/5.2% respectively[63]. The overall complication 
and emergency surgery rates were about the same (8%, 
1.5%). The ESD group had a perforation/hemorrhage 
rate of 3.7%3.5%, but the surgery group had the more 
troubling and durable complications of suture leak and 
fistula (3.2%/0.5%). The surgery group had the distinct 
advantage in terms of less needed abdominal surgery 
for oncologic indications or recurrence (8.4% vs 2.9%). 
However, closer scrutiny determines that the ESD group 
had much more advanced pathology with almost 90% 
of pathology showing cancer vs 10% in the TEM group. 
Thus, rectal ESD is currently holding its own against 
these innovative surgical procedures.

Traction
The ESD operator should be aware of gravity during 
the performance of the section in terms of endogenous 
fluid and expected blood with consideration of patient 
repositioning. A practical way to facilitate resection is to 
employ traction (Figure 7). Traction is the equivalent of 
a second operator and examples in ESD ranges from 
simply having a forceps or snare outside the scope 
channel to setups employing endo-clips, endo-loops, 
suture thread or floss to create spring or pulley effect. 
More sophisticated methods employ a second scope, 
percutaneous access or magnets[64]. Traction may im
prove performance; especially in trainees and those 
with modest experience[65]. 

ESD technology
As mentioned, acquiring skills in ESD is a gateway to 
innovative resection methods such as STER and EFTR. 

A B

Figure 7  Traction in endoscopic submucosal dissection. A: Traction via clip on string; B: Traction via pulley effect with two clips.
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Technological innovations are inevitable with many past 
and future innovations coming from the West. Some of 
these innovations will make it easier for physicians with a 
background in EMR to begin ESD, while others will allow 
experienced ESD operators to perform more challenging 
cases and to do so more quickly. The already crowded 
arena of electrosurgical devices and injection solutions 
will expand. Novel scissors-type knives were invented 
to facilitate ESD and increase trainee completion 
rates[66,67]. There is an array of devices being developed 
as adjuncts to ESD performance. This includes platform 
devices to allow a variety of instruments to be used 
synergistically similar to the operating room setup[68]. 
Balloon devices can allow stabilization of the colonoscope 
during ESD, and this includes the traditional double 
balloon endoscope and the DiLumen device (expressively 
developed for ESD)[69]. Thullim laser is an alternative 
to the electrosurgical knives powered by monopolar 
electrosurgical units[70]. 

CONCLUSION
ESD originated in Japan and is a well-accepted modality 
in Asia for larger and advanced epithelial-derived 
neoplasms of the upper and lower gastrointestinal 
tract. In the West, there is evident interest in ESD 
as demonstrated by the content of the main gastro
enterology and endoscopy journals and national 
meetings of the related societies. However, ESD has 
clearly not become part of mainstream endoscopy 
practice. This is due to multiple factors including the 
relatively steep learning curve, relative lack of resources 
for learning ESD including few potential mentors, 
cost issues, longer procedural time and concern for 
complications. In addition, societal thought leaders 
have generally not supported ESD development. 
Despite this, the consensus (even in the West) is that 
ESD is the premier modality for resection of EGC and 
squamous cell esophageal cancer with the exception of 
small non-advanced lesions. ESD has a more modest 
niche for Barrett’s lesions compared to EMR and surgery 
though this is still debated. A prime obstacle to ESD 
implementation in the West is the relative lack of early 
gastric cancer compared to Asia. The irony is that there 
is ample colorectal pathology in the West amenable to 
ESD, but this colon ESD implementation is discouraged 
by the thought leaders; perhaps because of the relative 
success of wide-field EMR and the usual relative indolent 
nature of colon adenoma recurrence. Nonetheless, 
ESD has clear advantages in the colon and elsewhere 
in terms of superior en-bloc and curative resection 
rates with associated low recurrence rates. Some ESD 
“pioneers” have essentially self-tutored themselves in 
ESD with the more prevalent colorectal lesions. Those 
embarking on an ESD program should do appropriate 
preparatory work and avail themselves of international 
mentors and animal labs before doing clinical work as 
their resection results and complications will be closely 
scrutinized. They should also be conservative initially 

with their choice of potential lesions-especially in the 
stomach- as there may be biological differences in 
EGC between the West and the East. We feel that it 
is inevitable that ESD will eventually be ingrained in 
mainstream endoscopy practice in the West. This will 
occur as a result of burgeoning ESD data from the West 
supporting its validity and utility in this population as 
well as more potential ESD tutors and perhaps formal 
society-sanctioned traineeships. The growing demand 
for basic and adjunctive ESD equipment will spur new 
devices likely largely derived from the West.
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Abstract
Artificial intelligence (AI) enables machines to provide 
unparalleled value in a myriad of industries and appli
cations. In recent years, researchers have harnessed 
artificial intelligence to analyze large-volume, unstructured 
medical data and perform clinical tasks, such as the 
identification of diabetic retinopathy or the diagnosis 
of cutaneous malignancies. Applications of artificial 
intelligence techniques, specifically machine learning 
and more recently deep learning, are beginning to 
emerge in gastrointestinal endoscopy. The most 
promising of these efforts have been in computer-
aided detection and computer-aided diagnosis of 
colorectal polyps, with recent systems demonstrating 
high sensitivity and accuracy even when compared 
to expert human endoscopists. AI has also been 
utilized to identify gastrointestinal bleeding, to detect 
areas of inflammation, and even to diagnose certain 
gastrointestinal infections. Future work in the field 
should concentrate on creating seamless integration 
of AI systems with current endoscopy platforms and 
electronic medical records, developing training modules 
to teach clinicians how to use AI tools, and determining 
the best means for regulation and approval of new AI 
technology.

Key words: Artificial intelligence; Machine learning; 
Gastrointestinal endoscopy; Computer-assisted decision 
making; Computer-aided detection; Colonic polyps; 
Colonoscopy; Computer-aided diagnosis; Colorectal 
adenocarcinoma
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Core tip: Artificial intelligence (AI) appears poised 
to transform several industries, including clinical 
medicine. Recent advances in AI technology, namely 
the improvement in computational power and advent 
of deep learning, will lead to the near-term availability 
of clinically relevant applications in gastrointestinal 
endoscopy, such as real-time, high-accuracy colon 
polyp detection and classification and fast, automatic 
processing of wireless capsule endoscopy images. 
Applications of AI toward gastrointestinal endoscopy 
will likely exponentially rise in the coming years, 
and attention should be paid toward regulation, 
approval, and effective implementation of this powerful 
technology.

Alagappan M, Glissen Brown JR, Mori Y, Berzin TM. Artificial 
intelligence in gastrointestinal endoscopy: The future is almost 
here. World J Gastrointest Endosc 2018; 10(10): 239-249  
Available from: URL: http://www.wjgnet.com/1948-5190/full/v10/
i10/239.htm  DOI: http://dx.doi.org/10.4253/wjge.v10.i10.239

INTRODUCTION
Artificial intelligence (AI) has transformed information 
technology by unlocking large-scale, data-driven 
solutions to what once were time intensive problems. 
Over the past few decades, researchers have succe
ssfully demonstrated how AI can improve our ability to 
perform medical tasks, ranging from the identification 
of diabetic retinopathy to the diagnosis of cutaneous 
malignancies[1,2]. As the medical community’s understanding 
and acceptance of AI grows, so too does our imagination 
of the many ways in which it can improve patient care, 
expedite clinical processes, and relieve the burden of 
medical professionals.

Gastroenterology is a field that requires physicians 
to perform a myriad of clinical skills, ranging from 
dexterous manipulation and navigation of endoscopic 
devices and visual identification and classification of 
disease to data-driven clinical decision-making. In 
recent years, AI tools have been designed to help 
physicians in performing these tasks. Research groups 
have shown how deep learning can assist with a 
variety of skills from colonic polyp detection to analysis 
of wireless capsule endoscopy (WCE) images[3,4]. As 
the number of applications of AI in gastroenterology 
expands, it is important to understand the extent of our 
success and the hurdles that lie ahead. In this review, 
we aim to (1) provide a brief overview of artificial 
intelligence technology; (2) describe the ways in which 
AI has been applied to gastroenterology thus far; (3) 
discuss what value AI offers to this field; and finally (4) 
comment on future directions of this technology. 
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ARTIFICIAL INTELLIGENCE TECHNOLOGY
Artificial intelligence is machine intelligence that mimics 
human cognitive function[5]. Research in AI began in 
the 1950s with the earliest applications being in board 
games, logical reasoning, and simple algebra. Interest 
in the field grew over the next few decades due to the 
exponential increase in computational power and data 
volume. 

Machine learning is an artificial intelligence technique 
in which computers use data to improve their performance 
in a task without explicit instruction[6]. Examples of 
machine learning include an application that learns to 
identify and discard spam emails or a thermostat that 
learns household temperature preferences over time. 
Machine learning is often classified into two categories 
- supervised and unsupervised learning. In supervised 
learning, a machine is trained with data that contain pairs 
of inputs and outputs[7]. The machine learns a function 
to map the inputs to outputs, which can then be applied 
toward new examples. Linear and logistic regression, 
which are often employed in clinical research, are 
examples of supervised machine learning because they 
produce a regression function that correlates inputs 
to outputs based on observed data. In unsupervised 
learning, machines are given data inputs that are not 
explicitly paired to labels or outputs[7]. The machine is 
tasked with finding its own structure and patterns from 
the set of objects. An example of unsupervised learning 
is clustering, in which a system creates clusters of 
similar data points from a large data set.

Feature learning refers to a set of techniques within 
machine learning that asks machines to automatically 
identify features within raw data as opposed to the 
features being explicitly labeled[8]. This technique 
enables machines to learn features and infer functions 
between inputs and outputs without being provided 
the features in advance. A subset of feature learning 
is deep learning, which harnesses neural networks 
modeled after the biological nervous system of animals. 
Deep learning is especially valuable in clinical medicine 
because medical data often consist of unstructured text, 
images, and videos that are not easily processed into 
explicit features.

Machine learning, and more specifically deep learning, 
has been widely applied in tasks such as gaming, 
weather, security, and media. Recent notable examples 
include AlphaGo beating the world’s premier Go player, 
facial recognition within iPhone images, and automatic 
text generation[9-11]. 

Deep learning has also shown significant promise 
in performing clinical tasks. Researchers from Stanford 
trained a deep convolutional neural network (CNN) on 
129450 skin lesion images consisting of 2032 different 
diseases, and showed that the network performed 
on par against 21 board-certified dermatologists in 
distinguishing keratinocyte carcinomas from benign 
seborrheic keratosis and malignant melanomas from 
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benign nevi[2]. Other research groups have applied 
machine learning to identify diabetic retinopathy from 
fundus photographs, classify proliferative breast lesions 
as benign or malignant, and predict clinical orders[12-14].

APPLICATIONS OF AI IN 

GASTROENTEROLOGY
Automatic colonic polyp detection
Automatic colon polyp detection has been one of the 
primary areas of interest for applications of artificial 
intelligence in gastrointestinal endoscopy. Generally 
speaking, automatic polyp detection constructs are 
designed to alert the endoscopist to the presence of 
a polyp on the screen through either a digital visual 
marker or sound. 

Numerous studies have demonstrated that endos
copists with higher adenoma detection rates during 
screening colonoscopy more effectively protect their 
patients from subsequent risk of colonic cancer[15,16]. 
Corley et al[15], for example, in their evaluation of 314872 
colonoscopies performed by 136 gastroenterologists 
showed that every 1.0% increase in adenoma detection 
rate was associated with a 3.0% decrease in the risk 
of cancer (hazard ratio, 0.97; 95%CI: 0.96 to 0.98). 
However, adenoma miss rates during screening 
colonoscopy remain relatively high, and have been 
estimated to be anywhere from 6%-27%[17]. Reasons 
for missing polyps are myriad, and can include 
inadequate mucosal inspection (for instance behind 
folds in the right colon), lack of recognition of subtle 
mucosal findings representing flat polyps, and variable 
prep quality. Importantly, there is evidence that some 
missed polyps are actually present on the visual field, 
but are not recognized by the endoscopist[18-20]. 

In the past two decades, several computer-aided 
detection (CADe) techniques have been proposed 
to assist endoscopists in the detection of polyps that 
would otherwise have been missed[21-24]. The ideal 
automatic polyp detection tool must have (1) high 
sensitivity for detection of polyps; (2) decreased rate 
of false positives; and (3) low latency so that polyps 
can be tracked and identified in near-real time. This 
last objective has eluded researchers up until recently 
as automatic polyp detection during live or recorded 
video can be affected by camera motion, strong light 
reflections, lack of focus of the traditionally used 
wide-angle lens, variation in polyp size, location and 
morphology, and the presence of vascular patterns, 
bubbles, fecal material and other distractors that may 
serve as false positives[25]. 

CADe in optical colonoscopy was first utilized and 
validated using still images obtained from endoscopic 
videos. Most of the modalities described below all utilize 
some combination of the following techniques: pre-
processing of an image or series of images in order to 
discard noise, a feature extraction tool that identifies 
and extracts a feature or mix of features within the 

image (e.g., texture, shape or color), and a machine-
learning or deep learning classification that uses these 
features to identify polyps[25]. 

A number of methods for CADe were proposed in 
the 1990s. Early attempts included the use of region-
growing methods - a pixel-based image segmentation 
approach - for the extraction of large intestinal lumen 
contours and for the detection of lower gastrointestinal 
tract pathology[21-23]. By the end of the 1990s, research 
efforts mostly combined texture, color, or mixed 
analysis methods with intelligent pattern classification 
to aid in the detection of lesions in static endoscopic 
images[23]. These efforts included work targeting both 
microscopic features and macroscopic characteristics 
of lesions within the colon in order to predict the like
lihood of neoplastic and pre-neoplastic lesions[26,27]. The 
concurrent development of neural networks helped 
push the field forward. Early grey-level texture analysis 
of endoscopic images included utilization of texture 
spectrum[24], co-occurrence matrices[28,29], Local Binary 
Pattern (LBP)[30], and wavelet-domain co-occurrence 
matrix features[31]. Using this last approach, Karkanis 
et al[31] developed one of the earliest examples of polyp 
detection software. Known as CoLD (Colorectal Lesions 
Detector), the software utilized second-order statistical 
features, calculated on the wavelet transformation 
of each image to discriminate amongst regions of 
normal or abnormal tissue. An artificial neural network 
performed the classification of these features, obtained 
from still images alone, and the work achieved a 
detection accuracy of more than 95%[32,33].

Other groups developed methods that utilized 
color features. Tjoa and Krishnan[34] combined texture 
spectrum and color histogram features to broadly 
analyze colon status as “normal” or “abnormal”. In 
2003, Karkanis et al[35] used a color feature extraction 
scheme built on wavelet decomposition (Color Wavelet 
Covariance or CWC) to develop a computer-aided 
detection method with a higher sensitivity than previous 
methods that were built on grey-level features or color-
texture inputs. The CWC method demonstrated a 90% 
sensitivity and 97% specificity for polyp detection when 
utilized on high-resolution endoscopy video-frames[35]. 
In 2015, Zheng et al[36] created an intelligent clinical 
decision support tool that utilized a Bayesian fusion 
scheme combining color, texture and luminal contour 
information for the detection of bleeding lesions and 
luminal irregularities in endoscopic images. In 2006, 
Iakovidis et al[23] developed a pattern recognition 
framework that accepted standard low-resolution video 
input and achieved a detection accuracy of greater than 
94.5%.

These early works were based on the analysis of 
static endoscopic images and video frames. Subsequent 
work focused on translating polyp detection methods 
to real-time video analysis. In 2016, Tajbakhsh et al[37] 
developed a CADe system that used a hybrid context-
shape approach, whereby context information was 
used to remove non-polypoid structures from analysis 
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and shape information was used to localize polyps. 
Using this system, Tajbakhsh et al[37] reported an 88% 
sensitivity for real-time polyp detection. Perhaps more 
importantly, this group showed a latency, defined as 
the time from the first appearance of a polyp in the 
video to the time of its first detection by the software 
system, of only 0.3 s. The limitation to this study was its 
retrospective nature and limited clinical generalizability, 
as the system was tested on only twenty-five unique 
polyps[37]. 

Subsequent work in optical colonoscopy focused on 
validating real-time polyp detection modalities on larger 
colonoscopy image databases. Fernández-Esparrach 
et al[38] developed a method for utilizing energy maps 
based on localization of polyps and their boundaries - a 
so-called Window Median Depth of Valleys Accumulation 
(WM-DOVA) energy map method. Using this method 
on 24 videos containing 31 different polyps, this group 
demonstrated a sensitivity of 70.4% and a specificity 
of 72.4% for detection of polyps[38]. Wang et al[25] 
developed a method that utilized edge-cross section 
visual features and a rule-based classification to detect 
“polyp edges”. This Polyp-Alert software was trained on 
8 full colonoscopy videos and subsequently tested on 
53 randomly selected full videos. The system correctly 
detected 42 of 43 (97.7%) polyps on the screen and did 
so with very little latency. However, the software had 
an average of 36 false-positives per colonoscopy video 
analyzed[25]. False positives commonly resulted from 
protruding folds, the appendiceal orifice and ileocecal 

valve, and areas of the colon with residual fluid[25]. 
Both of these approaches were based on tradi

tional machine learning methods with explicit feature 
specification. More recently, several groups have begun 
to incorporate deep learning methods into CAD systems. 
At Digestive Disease Week 2016, Li et al[39] presented 
perhaps the first example of a deep learning system 
for polyp detection. This group trained a convolutional 
neural network on 32305 colonoscopy images, and 
achieved an accuracy of 86% and sensitivity of 73% 
for polyp detection[39]. This study was instrumental in 
showing that a deep learning based computer vision 
program could accurately identify the presence of 
colorectal adenomas from colonoscopic images. Wang 
et al[40] recently presented their deep learning polyp 
detection software at the 2017 meeting of the World 
College of Gastroenterology. This system, built on 
a SegNet Architecture system was developed using 
a retrospective set of 5545 endoscopist-annotated 
images from colonoscopies performed in China and 
subsequently validated prospectively using 27461 
colonoscopy images from 1235 patients (Figure 1)[40]. It 
is currently being testing in a single-center prospective 
feasibility study[40]. More recently, Misawa et al[41] 
developed a deep learning based AI system, which was 
trained on 105 polyp-positive and 306 polyp-negative 
videos. The system was tested on a separate data 
set, and was able to detect 94% of polyps with a false 
positive detection rate of 60%[41]. 

Deep learning methods hold the promise of increasing 

A B

C D

Figure 1  Automatic polyp detection by Wang et al[40]. A: Original image obtained during colonoscopy; B: Automatic detection by box method; C: Probability map 
whereby red indicates high probability of polyp and blue indicates low probability of polyp; D: Automatic detection by paint method whereby blue coloring indicates 
location of polyp.
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diagnostic accuracy and processing large amounts of 
data quickly. Future work must continue to develop 
methods that balance a high sensitivity with low latency 
and improved false positive rates.

Optical biopsy 
Once a lesion has been detected, computational analysis 
may help predict polyp histology without the need 
for tissue biopsy, a subfield sometimes referred to as 
computer-aided diagnosis (CADx). The field of optical 
biopsy is several decades old, but the addition of deep 
learning and the increasing complexity of computational 
analytic methods have led to recent developments in 
this field. The ability to diagnose small polyps such as 
diminutive adenomas in-situ via optical diagnosis may 
allow for adenomas to be resected and discarded rather 
than sent for sometimes unnecessary histopathologic 
examination[42]. This “resect and discard” strategy has 
been estimated to promise upwards of $33 million 
dollars in savings per year in the United States alone[43]. 
A similar “diagnose and disregard” strategy has been 
suggested for diminutive polyps such as hyperplastic 
polyps in the rectosigmoid colon, where non-neoplastic 
polyps are identified via optical biopsy and left in place.
Historically, advanced imaging modalities have been 
the main areas of investigation for optical biopsy. These 
include chromoendoscopy, narrow spectra technologies 
(Narrow Band Imaging, i-Scan, and Fujinon intelligent 
color enhancement), endocytoscopy, and laser-induced 
fluorescence spectroscopy. In Japan, chromoendoscopy, 
defined as the topical application of stains or pigments 
to improve tissue localization during endoscopy, is 
widely used to further characterize small polyps during 
standard screening and surveillance colonoscopy[44]. 
The Kudo pit-pattern is one of the most widely known 
classification systems used to classify and predict the 
histopathology of a given lesion[27]. Takayama et al[45] 
found that chromoendoscopy combined with magnifying 
endoscopy (in this case an endoscope that magnified 
images by a factor of 40) achieved a sensitivity for the 
diagnosis of dysplastic crypt foci of 100%. 

Narrow band imaging (NBI) is another endoscopic 
optical modality where blue and green light is used 
to enhance the mucosal detail of a polyp in order to 
better characterize vessel size and pattern[46]. The NBI 
International Colorectal Endoscopic (NICE) classification 
uses color, vessels and surface pattern to differentiate 
between hyperplastic and adenomatous histology[47]. 
However, NBI, like chromoendoscopy, has been shown 
to have significant interobserver and intraobserver 
variability[48,49]. Interobserver variance generally stems 
from differences in expertise, while intraobserver va
riance is affected by experience, personal well-being, 
levels of distraction, and stress[50]. 

The existence of inter- and intraobserver variance 
and steep learning curves have likely contributed 
to the slow pace of adoption of these techniques be
yond specialized medical centers. The use of CADx 

modalities may allow for decreased variance amongst 
providers, increased standardization, and, perhaps 
most importantly, more widespread adoption by non-
experts in the field[51]. Following a similar developmental 
trajectory as the field of automatic polyp detection 
(CADe), the first CADx systems were developed using 
static colonoscopic images and image series. In 2010, 
Tischendorf et al[50] developed a computer-based analysis 
algorithm for colorectal polyps using magnifying NBI, 
with a subsequent automatic classification scheme using 
machine learning. This system achieved a sensitivity of 
90% compared to a human sensitivity of 93.8% when 
using the same database of 209 polyp images (with 
corresponding biopsy)[50]. In a follow up study on smaller 
polyps in 2011, Gross et al[52] reported a 95% sensitivity 
in the computer based-algorithm group compared to a 
93.4% sensitivity in a human expert group and 86.0% 
sensitivity in a human non-expert group. Both of these 
studies were limited, however, in that they involved off-
site computer analysis of static images.

Subsequent work by Takemura et al[53] and Kominami 
et al[54] translated machine learning methods to real-
time clinical use. Takemura et al[53] developed a custom 
software (HuPAS version 3.1, Hiroshima University, 
Hiroshima, Japan) that utilized a “bag-of-features” 
representation of NBI images and hierarchical k-means 
clustering of local features. In an initial study using 
static images, this group showed a sensitivity of 97.8%, 
specificity of 97.9%, and accuracy of 97.8% for diagnosis 
of neoplastic lesions. Diagnostic concordance between 
the computer-aided classification system and the two 
experienced endoscopists was 98.7%[53]. In a follow up 
study, this same group developed a real-time software 
to automatically recognize polyps, and then analyze and 
classify them as neoplastic or non-neoplastic[54]. This 
approach yielded a sensitivity 93.0%, a specificity of 
93.3%, accuracy of 93.2%, and concordance between 
the image recognition software and human endoscopic 
diagnosis of 97.5%[54]. Though this was a study on just 
41 patients with 118 colorectal lesions, it was the first of 
its kind to demonstrate that CADx in real-time is feasible 
and comparable to human diagnostics using magnified 
NBI.

Several other advanced endoscopy imaging mo
dalities have similarly benefited from advances in CAD. 
Endocytoscopy (EC) is an ultra-high magnification 
technique that provides images of surface epithelial 
structures at cellular resolution[55]. In 2015, Mori et al[56] 
developed the EC-CAD system, a machine-learning CAD 
system that uses nuclear segmentation and feature 
extraction to predict pathologic classification (i.e., non-
neoplastic, adenoma and cancer, unable to diagnose). In 
a pilot study consisting of images from 176 polyps and 
152 patients, the system showed a sensitivity of 92.0% 
and specificity of 79.5% compared to a sensitivity of 
92.7% and specificity of 91% by expert endoscopists[56]. 
Misawa et al[57] then developed an EC system that 
utilized NBI rather than dye staining, and developed 
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real-time with a delay of just 50ms per frame[59]. This 
work is also significant in that it achieved the diagnostic 
thresholds set forth by the Preservation and Incorporation 
of Valuable Endoscopic Innovations initiative set forth 
by the American Society for Gastrointestinal Endoscopy. 
This initiative states that in order for optical biopsy to 
reach an acceptable threshold to support the “resect and 
discard” or “diagnose and leave strategies”, there must 
be ≥ 90 % agreement for post-polypectomy surveillance 
intervals for the “resect and discard” strategy, and ≥ 
90% negative predictive value (NPV) for adenomatous 
histology for the “diagnose and leave” strategy[60]. 

Future work in this field must by necessity continue 
to refine sensitivity, specificity, accuracy, PPV and NPV 
of real-time optical classification methods while working 
to combine CADe and CADx modalities. 

EGD and capsule endoscopy 
Compared to applications in colonic polyp detection 

and classification, there have been fewer applications 
of deep learning in other areas of gastroenterology. 
However, the existing applications deserve recognition 
for their novelty and promise. One notable application 
is the use of CNN to diagnose Helicobacter pylori 
(H. pylori) infection by analysis of gastrointestinal 
endoscopy images[61]. H. pylori is strongly linked to 
gastritis, gastroduodenal ulcers, and gastric cancer, so 
prompt and effective diagnosis and eradication of this 
infection is important[62]. Existing diagnostic methods 
for H. pylori infection including urea breath test and 
stool antibody testing are highly sensitive and specific, 
but can be logistically difficult to schedule and process. 
In this study by Itoh et al[61], researchers developed a 
CNN trained on 149 gastrointestinal endoscopy images 
and tested on 30 images. The resulting sensitivity and 
specificity of the CNN for detection of H. pylori infection 
was 86.7% and 86.7% with an AUC of 0.956, which 
is significantly better than the performance of human 

A B

Neoplastic:                               99%

Non-neoplastic:                        0.0%

C D

NBI

Figure 2  Output from artifical intelligence-assisted endocytoscopy system by Misawa et al[57]. A: Input from endocytoscopy with narrow band imaging; B: 
Extracted vessel image whereby green light represents extracted vessel image; C: System outputs diagnosis of neoplastic or non-neoplastic; D: Probability of 
diagnosis calculated by support vector machine classifier. NBI: narrow band imaging.

Figure 3  Automatic polyp classification system. 1: Input from narrow band imaging; 2: Computer diagnosis of NICE type 1 (hyperplastic) vs NICE type 2 
(adenomatous); 3: Probability of diagnosis; 4: Computer determined confidence in diagnosis probability. Obtained with permission from Dr. Michael Byrne (Division of 
Gastroenterology at Vancouver General Hospital and UBC).
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endoscopists[61,63].
Deep learning with convolutional neural networks 

has also been applied toward endoscopic detection of 
gastric cancer. In 2018, Hirasawa et al[64] constructed 
a CNN-based diagnostic system which was trained on 
more than 13000 endoscopic images of gastric cancer. 
The system was then tested on 2296 images and in 
just 47 s, correctly diagnosed 71 of 79 gastric cancer 
lesions for a sensitivity of 92.2%. However, the positive 
predictive value was only 30.6% as a result of several 
false positives. This study highlights the potential of 
deep learning systems to accurately and quickly detect 
cancer. One can expect that with more training data and 
improved computational hardware, both the accuracy 
and analysis speed will only improve. 

Several studies have demonstrated applications of 
deep learning in wireless capsule endoscopy (WCE). A 
major challenge of WCE for busy clinicians is the time-
intensive nature of reviewing the images. However, 
deep learning offers a solution to both problems - it 
provides quick analysis of large-volume data and uses 
representation learning to extract its own features from 
unstructured images. Capsule endoscopy can be used to 
identify mucosal changes characteristic of celiac disease, 
but visual diagnosis has low sensitivity[65]. Zhou et 
al[66] trained a CNN using capsule endoscopy clips from 
patients with and without celiac disease, and reported 
a sensitivity and specificity of 100% for distinguishing 
celiac disease patients from controls in a testing set of 
ten patients. Further, the study found that the evaluation 
confidence of the system was correlated to the severity 
of the small bowel mucosal lesions. 

Deep learning in WCE has also been shown to be 
effective in detection of small bowel bleeding. The first 
several studies to demonstrate computer-aided dia
gnosis of bleeding from WCE images used RGB and 
color texture feature extraction to help distinguish 
areas of bleeding from non-bleeding[67-69]. More recent 
studies, including by Xiao et al[70] and Hassan et al[71], 
used deep learning and feature learning to achieve 
sensitivities and specificities as high as 99% for detection 
of gastrointestinal (GI) bleeding. Further research and 
validation of these models may allow for a fast and 
highly effective means of detecting GI bleeding, with 
less work for the interpreting physician.

Similar image processing methods have even been 
applied to infectious disease detection in WCE. He et 
al[72] developed a CNN to detect hookworms, a cause of 
chronic infection affecting an estimated 740 million people 
in areas of poverty[72,73]. Hookworm infections cause 
chronic intestinal blood loss resulting in iron-deficiency 
anemia and hypoalbuminemia, and are especially 
dangerous in children and women of reproductive age 
due to its adverse effects in pregnancy[73]. In this study, 
He et al[72] tested a CNN on 440000 WCE images, and 
developed a system with high sensitivity and accuracy 
for hookworm detection. Applications of deep learning 
to hookworm detection and diagnosis of other infectious 
disease in the gastrointestinal tract may provide 

significant clinical value worldwide, especially in low-
resource settings, if the cost of capsule endoscopy can 
be substantially lowered. 

VALUE OF AI IN GASTROENTEROLOGY
As seen from the examples of CAD in gastroenterology 
described above, there are numerous potential benefits 
to the development and integration of CADx and 
CADe systems in everyday practice. In general, using 
artificial intelligence as an adjunct to standard practices 
within GI has the potential to improve the speed and 
accuracy of diagnostic testing while aiming to offload 
human providers from time-intensive tasks. In addition, 
CAD systems are not subject to some of the pitfalls of 
human-based diagnosis such as inter- and intraobserver 
variance and fatigue.

We are entering an age where CAD tools, applied 
in academic research settings, can at least match, and 
sometimes exceed human performance for the de
tection or diagnosis of endoscopic findings in a variety 
of modalities within gastroenterology[74]. Current 
prospective studies generally utilize CADe and CADx as 
a “second reader”, where information derived from CAD 
systems serve to support the endoscopist’s diagnosis. 
When used in this fashion, CAD modalities can assist 
human providers with time-intensive, data-rich tasks. 
Several studies have shown that human observation of 
standard colonoscopy video by either nurses or trainees 
may increase an individual provider’s polyp and adenoma 
detection rates[18-20]. The CADe systems described above, 
when integrated into daily practice, may offer a reliable, 
and ever-vigilant “second observer,” which could 
provide particular value for junior gastroenterologists or 
endoscopists with low adenoma detection rates[38]. 

FUTURE DIRECTIONS
As applications of artificial intelligence in gastroenterology 
continue to increase, there are several areas of interest 
that we believe will hold significant value in the future. 
First, the technical integration of artificial intelligence 
systems with existing electronic medical records (EMR) 
and endoscopy platforms will be important to optimize 
clinical workflow. New AI applications must be able 
to easily “read in” data from a video input or EMR, 
allowing the systems to use the data for training and 
real time decision support. A seamless integration in 
the endoscopy suite will be crucially important in en
couraging clinician adoption. 

Second, AI systems must continue to expand their 
library of clinical applications. As discussed in this review, 
there are several promising studies that demonstrate 
how AI can improve our performance on clinical tasks 
such as polyp identification, detection of small bowel 
bleeding, and even endoscopic recognition of H. pylori 
and hookworm infection. Future research should 
continue to identify new clinical tasks that are well-
suited to machine learning tools. For example, analysis 
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of WCE for diagnosis of celiac disease suggests that 
similar methodologies may be effective in diagnosing 
inflammatory bowel disease or providing more objective 
scoring of mucosal IBD activity during treatment. 
From a performance perspective, AI systems in clinical 
endoscopy will need to eliminate latency in detection 
to facilitate the real-world applicability of these te
chnologies. 

Third, further research is needed to understand 
the ethical and pragmatic considerations involved in 
the integration of artificial intelligence tools in gastro
enterology practice. To begin, what is the general 
physician sentiment toward artificial intelligence? Is AI 
considered a threat or a tool by the gastroenterology 
community? A deeper understanding of the end-user is 
crucial to dictating how these tools should be designed 
and deployed. If AI tools are accepted by physicians, 
how will we train individuals to use these technologies 
effectively? Will the learning curve for using these 
systems be prohibitive? If so, further research is needed 
to describe the most effective training methods for 
physician practices beginning to adopt AI technology. 
In today’s technology-driven environment, it is clear 
that data security is of utmost importance, especially 
when dealing with protected health information. As the 
number of AI tools increases, so too should our efforts 
toward designing security systems and encryption 
methods to safeguard clinical data. Finally, the clinical 
community needs to decide on standards for approval 
and regulation of new AI technologies, including 
potential implications for legal matters including medical 
malpractice. 

CONCLUSION
Artificial intelligence is an exciting new frontier for 
clinical gastroenterology. Artificial intelligence techniques 
like deep learning allow for expedited processing of 
large-volume unstructured data, and in doing so enable 
machines to assist clinicians in important tasks, such 
as polyp detection and classification. Several research 
groups have shown how artificial intelligence techniques 
can provide significant clinical value in gastroenterology, 
and the number of applications will likely continue 
to expand as computational power and algorithms 
improve. As the field evolves, a watchful eye is needed 
to ensure that security, regulation, and ethical standards 
are upheld.

REFERENCES
1 	 Ting DSW, Cheung CY, Lim G, Tan GSW, Quang ND, Gan A, 

Hamzah H, Garcia-Franco R, San Yeo IY, Lee SY, Wong EYM, 
Sabanayagam C, Baskaran M, Ibrahim F, Tan NC, Finkelstein EA, 
Lamoureux EL, Wong IY, Bressler NM, Sivaprasad S, Varma R, 
Jonas JB, He MG, Cheng CY, Cheung GCM, Aung T, Hsu W, Lee 
ML, Wong TY. Development and Validation of a Deep Learning 
System for Diabetic Retinopathy and Related Eye Diseases Using 
Retinal Images From Multiethnic Populations With Diabetes. 
JAMA 2017; 318: 2211-2223 [PMID: 29234807 DOI: 10.1001/

jama.2017.18152]
2 	 Esteva A, Kuprel B, Novoa RA, Ko J, Swetter SM, Blau HM, Thrun 

S. Dermatologist-level classification of skin cancer with deep neural 
networks. Nature 2017; 542: 115-118 [PMID: 28117445 DOI: 
10.1038/nature21056]

3 	 Mori Y, Kudo SE, Berzin TM, Misawa M, Takeda K. Computer-
aided diagnosis for colonoscopy. Endoscopy 2017; 49: 813-819 
[PMID: 28561195 DOI: 10.1055/s-0043-109430]

4 	 Yuan Y, Meng MQ. Deep learning for polyp recognition in wireless 
capsule endoscopy images. Med Phys 2017; 44: 1379-1389 [PMID: 
28160514 DOI: 10.1002/mp.12147]

5 	 Poole DL, Mackworth AK, Goebel R. Computational intelligence: A 
logical approach. New York: Oxford University Press, 1998

6 	 Mitchell TM. Machine learning. New York: McGraw-Hill, 1997: 
414

7 	 Russell SJ, Norvig P. Artificial intelligence: a modern approach (3rd 
Edition). Upper Saddle River: Prentice Hall, 2010: 1132

8 	 Bengio Y, Courville A, Vincent P. Representation learning: a review 
and new perspectives. IEEE Trans Pattern Anal Mach Intell 2013; 
35: 1798-1828 [PMID: 23787338 DOI: 10.1109/TPAMI.2013.50]

9 	 Silver D, Schrittwieser J, Simonyan K, Antonoglou I, Huang A, 
Guez A, Hubert T, Baker L, Lai M, Bolton A, Chen Y, Lillicrap 
T, Hui F, Sifre L, van den Driessche G, Graepel T, Hassabis D. 
Mastering the game of Go without human knowledge. Nature 2017; 
550: 354-359 [PMID: 29052630 DOI: 10.1038/nature24270]

10 	 Computer Vision Machine Learning Team. An On-device Deep 
Neural Network for Face Detection. Apple Machine Learning J 
2017; 1

11 	 Sutskever I, Martens J, Hinton G. Generating text with recurrent 
neural networks. Proceedings of the 28th International Conference 
on Machine Learning; 2011 Jun 28- Jul 2; Bellevue, Washington, 
USA

12 	 Gulshan V, Peng L, Coram M, Stumpe MC, Wu D, Narayanaswamy 
A, Venugopalan S, Widner K, Madams T, Cuadros J, Kim R, Raman 
R, Nelson PC, Mega JL, Webster DR. Development and Validation 
of a Deep Learning Algorithm for Detection of Diabetic Retinopathy 
in Retinal Fundus Photographs. JAMA 2016; 316: 2402-2410 [PMID: 
27898976 DOI: 10.1001/jama.2016.17216]

13 	 Radiya-Dixit E, Zhu D, Beck AH. Automated Classification of 
Benign and Malignant Proliferative Breast Lesions. Sci Rep 2017; 7: 
9900 [PMID: 28852119 DOI: 10.1038/s41598-017-10324-y]

14 	 Chen JH, Alagappan M, Goldstein MK, Asch SM, Altman RB. 
Decaying relevance of clinical data towards future decisions in data-
driven inpatient clinical order sets. Int J Med Inform 2017; 102: 
71-79 [PMID: 28495350 DOI: 10.1016/j.ijmedinf.2017.03.006]

15 	 Corley DA, Jensen CD, Marks AR, Zhao WK, Lee JK, Doubeni 
CA, Zauber AG, de Boer J, Fireman BH, Schottinger JE, Quinn 
VP, Ghai NR, Levin TR, Quesenberry CP. Adenoma detection rate 
and risk of colorectal cancer and death. N Engl J Med 2014; 370: 
1298-1306 [PMID: 24693890 DOI: 10.1056/NEJMoa1309086]

16 	 Coe SG, Wallace MB. Assessment of adenoma detection rate 
benchmarks in women versus men. Gastrointest Endosc 2013; 77: 
631-635 [PMID: 23375528 DOI: 10.1016/j.gie.2012.12.001]

17 	 Ahn SB, Han DS, Bae JH, Byun TJ, Kim JP, Eun CS. The Miss Rate 
for Colorectal Adenoma Determined by Quality-Adjusted, Back-to-
Back Colonoscopies. Gut Liver 2012; 6: 64-70 [PMID: 22375173 
DOI: 10.5009/gnl.2012.6.1.64]

18 	 Aslanian HR, Shieh FK, Chan FW, Ciarleglio MM, Deng Y, 
Rogart JN, Jamidar PA, Siddiqui UD. Nurse observation during 
colonoscopy increases polyp detection: a randomized prospective 
study. Am J Gastroenterol 2013; 108: 166-172 [PMID: 23381064 
DOI: 10.1038/ajg.2012.237]

19 	 Lee CK, Park DI, Lee SH, Hwangbo Y, Eun CS, Han DS, Cha JM, 
Lee BI, Shin JE. Participation by experienced endoscopy nurses 
increases the detection rate of colon polyps during a screening 
colonoscopy: a multicenter, prospective, randomized study. 
Gastrointest Endosc 2011; 74: 1094-1102 [PMID: 21889137 DOI: 
10.1016/j.gie.2011.06.033]

20 	 Buchner AM, Shahid MW, Heckman MG, Diehl NN, McNeil RB, 
Cleveland P, Gill KR, Schore A, Ghabril M, Raimondo M, Gross 

Alagappan M et al . Artificial intelligence in GI endoscopy



248 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

SA, Wallace MB. Trainee participation is associated with increased 
small adenoma detection. Gastrointest Endosc 2011; 73: 1223-1231 
[PMID: 21481861 DOI: 10.1016/j.gie.2011.01.060]

21 	 Krishnan SM, Tan CS, Chan KL, editors. Closed-boundary 
extraction of large intestinal lumen. Proceedings of the 16th Annual 
International Conference of the IEEE Engineering in Medicine and 
Biology Society; 1994 Nov 3-6; Baltimore, USA. Piscataway, NJ: 
IEEE Service Center, 1994 [DOI: 10.1109/IEMBS.1994.411878]

22 	 Krishnan SM, Yang X, Chan KL, Kumar S, Goh PMY, editors. 
Intestinal abnormality detection from endoscopic images. 
Proceedings of the 20th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society; 1998 Nov 1-1; 
Hong Kong, China. Piscataway, NJ: IEEE Service Center, 1998 [DOI: 
10.1109/IEMBS.1998.745583]

23 	 Iakovidis DK, Maroulis DE, Karkanis SA. An intelligent system for 
automatic detection of gastrointestinal adenomas in video endoscopy. 
Comput Biol Med 2006; 36: 1084-1103 [PMID: 16293240 DOI: 
10.1016/j.compbiomed.2005.09.008]

24 	 Karkanis S, Galousi K, Maroulis D, editors. Classification of 
endoscopic images based on texture spectrum. Proceedings of 
Workshop on Machine Learning in Medical Applications, Advance 
Course in Artificial Intelligence-ACAI99; 1999 Jul 15; Chania, 
Greece

25 	 Wang Y, Tavanapong W, Wong J, Oh JH, de Groen PC. Polyp-
Alert: near real-time feedback during colonoscopy. Comput Methods 
Programs Biomed 2015; 120: 164-179 [PMID: 25952076 DOI: 
10.1016/j.cmpb.2015.04.002]

26 	 Esgiar AN, Naguib RN, Sharif BS, Bennett MK, Murray A. 
Microscopic image analysis for quantitative measurement and 
feature identification of normal and cancerous colonic mucosa. IEEE 
Trans Inf Technol Biomed 1998; 2: 197-203 [PMID: 10719530 DOI: 
10.1109/4233.735785]

27 	 Kudo S, Tamura S, Nakajima T, Yamano H, Kusaka H, Watanabe H. 
Diagnosis of colorectal tumorous lesions by magnifying endoscopy. 
Gastrointest Endosc 1996; 44: 8-14 [PMID: 8836710 DOI: 10.1016/
S0016-5107(96)70222-5]

28 	 Karkanis S, Magoulas GD, Grigoriadou M, Schurr M, editors. 
Detecting abnormalities in colonoscopic images by textural 
description and neural networks. Proceedings of Workshop on 
Machine Learning in Medical Applications, Advance Course in 
Artificial Intelligence-ACAI99; 1999 Jul 15; Chania, Greece

29 	 Magoulas GD, Plagianakos VP, Vrahatis MN. Neural network-
based colonoscopic diagnosis using on-line learning and differential 
evolution. Applied Soft Computing 2004: 4: 369-379 [DOI: 10.1016/
j.asoc.2004.01.005]

30 	 Wang P, Krishnan SM, Kugean C, Tjoa MP, editors. Classification 
of endoscopic images based on texture and neural network. 
Proceedings of the 23rd IEEE Engineering in Medicine and Biology; 
2001 Oct 25-28; Istanbul, Turkey. Piscataway, NJ: IEEE Service 
Center, 2001 [DOI: 10.1109/IEMBS.2001.1019637]

31 	 Karkanis SA, Magoulas GD, Iakovidis DK, Karras DA, Maroulis 
DE, editors. Evaluation of textural feature extraction schemes for 
neural network-based interpretation of regions in medical images. 
Proceedings of the IEEE International Conference on Image 
Processing; 2001 Oct 7-10; Thessaloniki, Greece. Piscataway, NJ: 
IEEE Service Center, 2001 [DOI: 10.1109/ICIP.2001.959008]

32 	 Karkanis SA, Iakovidis DK, Karras DA, Maroulis DE, editors. 
Detection of lesions in endoscopic video using textural descriptors 
on wavelet domain supported by artificial neural network 
architectures. Proceedings of the IEEE International Conference on 
Image Processing; 2001 Oct 7-10; Thessaloniki, Greece. Piscataway, 
NJ: IEEE Service Center, 2001 [DOI: 10.1109/ICIP.2001.958623]

33 	 Maroulis DE, Iakovidis DK, Karkanis SA, Karras DA. CoLD: a 
versatile detection system for colorectal lesions in endoscopy video-
frames. Comput Methods Programs Biomed 2003; 70: 151-166 
[PMID: 12507791 DOI: 10.1016/S0169-2607(02)00007-X]

34 	 Tjoa MP, Krishnan SM. Feature extraction for the analysis of colon 
status from the endoscopic images. Biomed Eng Online 2003; 2: 9 
[PMID: 12713670 DOI: 10.1186/1475-925X-2-9]

35 	 Karkanis SA, Iakovidis DK, Maroulis DE, Karras DA, Tzivras M. 

Computer-aided tumor detection in endoscopic video using color 
wavelet features. IEEE Trans Inf Technol Biomed 2003; 7: 141-152 
[PMID: 14518727 DOI: 10.1109/TITB.2003.813794]

36 	 Zheng MM, Krishnan SM, Tjoa MP. A fusion-based clinical 
decision support for disease diagnosis from endoscopic images. 
Comput Biol Med 2005; 35: 259-274 [PMID: 15582632 DOI: 
10.1016/j.compbiomed.2004.01.002]

37 	 Tajbakhsh N, Gurudu SR, Liang J. Automated Polyp Detection in 
Colonoscopy Videos Using Shape and Context Information. IEEE 
Trans Med Imaging 2016; 35: 630-644 [PMID: 26462083 DOI: 
10.1109/TMI.2015.2487997]

38 	 Fernández-Esparrach G, Bernal J, López-Cerón M, Córdova H, 
Sánchez-Montes C, Rodríguez de Miguel C, Sánchez FJ. Exploring 
the clinical potential of an automatic colonic polyp detection method 
based on the creation of energy maps. Endoscopy 2016; 48: 837-842 
[PMID: 27285900 DOI: 10.1055/s-0042-108434]

39 	 Li T, Cohen J, Craig M, Tsourides K, Mahmud N, Berzin TM. 
The Next Endoscopic Frontier: A Novel Computer Vision Program 
Accurately Identifies Colonoscopic Colorectal Adenomas. 
Gastrointestinal Endoscopy 2016; 83: AB482 [DOI: 10.1016/
j.gie.2016.03.671]

40 	 Wang P, Xiao X, Liu J, Li L, Tu M, He J, Hu X, Xiong F, Xin Y 
Liu X. A Prospective Validation of Deep Learning for Polyp Auto-
detection during Colonoscopy. World Congress of Gastroenterology 
2017; 2017 Oct 13-18; Orlando, USA

41 	 Misawa M, Kudo SE, Mori Y, Cho T, Kataoka S, Yamauchi A, 
Ogawa Y, Maeda Y, Takeda K, Ichimasa K, Nakamura H, Yagawa Y, 
Toyoshima N, Ogata N, Kudo T, Hisayuki T, Hayashi T, Wakamura 
K, Baba T, Ishida F, Itoh H, Roth H, Oda M, Mori K. Artificial 
Intelligence-Assisted Polyp Detection for Colonoscopy: Initial 
Experience. Gastroenterology 2018; 154: 2027-2029.e3 [PMID: 
29653147 DOI: 10.1053/j.gastro.2018.04.003]

42 	 Wilson AI, Saunders BP. New paradigms in polypectomy: resect 
and discard, diagnose and disregard. Gastrointest Endosc Clin 
N Am 2015; 25: 287-302 [PMID: 25839687 DOI: 10.1016/
j.giec.2014.12.001]

43 	 Hassan C, Pickhardt PJ, Rex DK. A resect and discard strategy 
would improve cost-effectiveness of colorectal cancer screening. 
Clin Gastroenterol Hepatol 2010; 8: 865-869, 869.e1-869.e3 [PMID: 
20621680 DOI: 10.1016/j.cgh.2010.05.018]

44 	 Fennerty MB. Tissue staining. Gastrointest Endosc Clin N Am 1994; 
4: 297-311 [PMID: 7514939 DOI: 10.1016/S1052-5157(18)30506-3]

45 	 Takayama T, Katsuki S, Takahashi Y, Ohi M, Nojiri S, Sakamaki 
S, Kato J, Kogawa K, Miyake H, Niitsu Y. Aberrant crypt foci 
of the colon as precursors of adenoma and cancer. N Engl J 
Med 1998; 339: 1277-1284 [PMID: 9791143 DOI: 10.1056/
NEJM199810293391803]

46 	 Gono K, Obi T, Yamaguchi M, Ohyama N, Machida H, Sano Y, 
Yoshida S, Hamamoto Y, Endo T. Appearance of enhanced tissue 
features in narrow-band endoscopic imaging. J Biomed Opt 2004; 9: 
568-577 [PMID: 15189095 DOI: 10.1117/1.1695563]

47 	 Hewett DG, Kaltenbach T, Sano Y, Tanaka S, Saunders BP, Ponchon 
T, Soetikno R, Rex DK. Validation of a simple classification system 
for endoscopic diagnosis of small colorectal polyps using narrow-
band imaging. Gastroenterology 2012; 143: 599-607.e1 [PMID: 
22609383 DOI: 10.1053/j.gastro.2012.05.006]

48 	 Rogart JN, Jain D, Siddiqui UD, Oren T, Lim J, Jamidar P, Aslanian 
H. Narrow-band imaging without high magnification to differentiate 
polyps during real-time colonoscopy: improvement with experience. 
Gastrointest Endosc 2008; 68: 1136-1145 [PMID: 18691708 DOI: 
10.1016/j.gie.2008.04.035]

49 	 Sikka S, Ringold DA, Jonnalagadda S, Banerjee B. Comparison of 
white light and narrow band high definition images in predicting 
colon polyp histology, using standard colonoscopes without optical 
magnification. Endoscopy 2008; 40: 818-822 [PMID: 18668472 
DOI: 10.1055/s-2008-1077437]

50 	 Tischendorf JJ, Gross S, Winograd R, Hecker H, Auer R, Behrens 
A, Trautwein C, Aach T, Stehle T. Computer-aided classification 
of colorectal polyps based on vascular patterns: a pilot study. 
Endoscopy 2010; 42: 203-207 [PMID: 20101564 DOI: 10.1055/

Alagappan M et al . Artificial intelligence in GI endoscopy



249 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

s-0029-1243861]
51 	 Byrne MF, Shahidi N, Rex DK. Will Computer-Aided Detection 

and Diagnosis Revolutionize Colonoscopy? Gastroenterology 
2017; 153: 1460-1464.e1 [PMID: 29100847 DOI: 10.1053/
j.gastro.2017.10.026]

52 	 Gross S, Trautwein C, Behrens A, Winograd R, Palm S, Lutz HH, 
Schirin-Sokhan R, Hecker H, Aach T, Tischendorf JJ. Computer-
based classification of small colorectal polyps by using narrow-band 
imaging with optical magnification. Gastrointest Endosc 2011; 74: 
1354-1359 [PMID: 22000791 DOI: 10.1016/j.gie.2011.08.001]

53 	 Takemura Y, Yoshida S, Tanaka S, Kawase R, Onji K, Oka S, 
Tamaki T, Raytchev B, Kaneda K, Yoshihara M, Chayama K. 
Computer-aided system for predicting the histology of colorectal 
tumors by using narrow-band imaging magnifying colonoscopy (with 
video). Gastrointest Endosc 2012; 75: 179-185 [PMID: 22196816 
DOI: 10.1016/j.gie.2011.08.051]

54 	 Kominami Y, Yoshida S, Tanaka S, Sanomura Y, Hirakawa T, 
Raytchev B, Tamaki T, Koide T, Kaneda K, Chayama K. Computer-
aided diagnosis of colorectal polyp histology by using a real-time 
image recognition system and narrow-band imaging magnifying 
colonoscopy. Gastrointest Endosc 2016; 83: 643-649 [PMID: 
26264431 DOI: 10.1016/j.gie.2015.08.004]

55 	 Inoue H, Kudo SE, Shiokawa A. Technology insight: Laser-scanning 
confocal microscopy and endocytoscopy for cellular observation 
of the gastrointestinal tract. Nat Clin Pract Gastroenterol Hepatol 
2005; 2: 31-37 [PMID: 16265098 DOI: 10.1038/ncpgasthep0072]

56 	 Mori Y, Kudo SE, Wakamura K, Misawa M, Ogawa Y, Kutsukawa 
M, Kudo T, Hayashi T, Miyachi H, Ishida F, Inoue H. Novel 
computer-aided diagnostic system for colorectal lesions by using 
endocytoscopy (with videos). Gastrointest Endosc 2015; 81: 
621-629 [PMID: 25440671 DOI: 10.1016/j.gie.2014.09.008]

57 	 Misawa M, Kudo SE, Mori Y, Nakamura H, Kataoka S, Maeda 
Y, Kudo T, Hayashi T, Wakamura K, Miyachi H, Katagiri A, 
Baba T, Ishida F, Inoue H, Nimura Y, Mori K. Characterization of 
Colorectal Lesions Using a Computer-Aided Diagnostic System 
for Narrow-Band Imaging Endocytoscopy. Gastroenterology 
2016; 150: 1531-1532.e3 [PMID: 27072671 DOI: 10.1053/
j.gastro.2016.04.004]

58 	 Mori Y, Kudo S, Misawa M, Takeda K, Ichimasa K, Ogawa Y, 
Maeda Y, Kudo T, Wakamura K, Hayashi T, Baba T, Ishida F, Inoue 
H, Oda M, Mori K. Diagnostic yield of “artificial intelligence”-
assisted endocytoscopy for colorectal polyps: a prospective study. 
United European Gastroenterol J 2017; 5: A1-A160 [DOI: 10.1177/
2050640617725668]

59 	 Byrne MF, Chapados N, Soudan F, Oertel C, Linares Pérez M, 
Kelly R, Iqbal N, Chandelier F, Rex DK. Real-time differentiation 
of adenomatous and hyperplastic diminutive colorectal polyps 
during analysis of unaltered videos of standard colonoscopy using 
a deep learning model. Gut 2017; pii: gutjnl-2017-314547 [PMID: 
29066576 DOI: 10.1136/gutjnl-2017-314547]

60 	 Rex DK, Kahi C, O’Brien M, Levin TR, Pohl H, Rastogi A, 
Burgart L, Imperiale T, Ladabaum U, Cohen J, Lieberman DA. The 
American Society for Gastrointestinal Endoscopy PIVI (Preservation 
and Incorporation of Valuable Endoscopic Innovations) on real-time 
endoscopic assessment of the histology of diminutive colorectal 
polyps. Gastrointest Endosc 2011; 73: 419-422 [PMID: 21353837 
DOI: 10.1016/j.gie.2011.01.023]

61 	 Itoh T, Kawahira H, Nakashima H, Yata N. Deep learning analyzes 
Helicobacter pylori infection by upper gastrointestinal endoscopy 
images. Endosc Int Open 2018; 6: E139-E144 [PMID: 29399610 

DOI: 10.1055/s-0043-120830]
62 	 Goodwin CS. Helicobacter pylori gastritis, peptic ulcer, and gastric 

cancer: clinical and molecular aspects. Clin Infect Dis 1997; 25: 
1017-1019 [PMID: 9402348]

63 	 Bah A, Saraga E, Armstrong D, Vouillamoz D, Dorta G, Duroux P, 
Weber B, Froehlich F, Blum AL, Schnegg JF. Endoscopic features of 
Helicobacter pylori-related gastritis. Endoscopy 1995; 27: 593-596 
[PMID: 8608753 DOI: 10.1055/s-2007-1005764]

64 	 Hirasawa T, Aoyama K, Tanimoto T, Ishihara S, Shichijo S, Ozawa 
T, Ohnishi T, Fujishiro M, Matsuo K, Fujisaki J, Tada T. Application 
of artificial intelligence using a convolutional neural network for 
detecting gastric cancer in endoscopic images. Gastric Cancer 2018; 
21: 653-660 [PMID: 29335825 DOI: 10.1007/s10120-018-0793-2]

65 	 Petroniene R, Dubcenco E, Baker JP, Ottaway CA, Tang SJ, Zanati 
SA, Streutker CJ, Gardiner GW, Warren RE, Jeejeebhoy KN. 
Given capsule endoscopy in celiac disease: evaluation of diagnostic 
accuracy and interobserver agreement. Am J Gastroenterol 2005; 100: 
685-694 [PMID: 15743369 DOI: 10.1111/j.1572-0241.2005.41069.x]

66 	 Zhou T, Han G, Li BN, Lin Z, Ciaccio EJ, Green PH, Qin J. 
Quantitative analysis of patients with celiac disease by video capsule 
endoscopy: A deep learning method. Comput Biol Med 2017; 85: 1-6 
[PMID: 28412572 DOI: 10.1016/j.compbiomed.2017.03.031]

67 	 Pan G, Yan G, Song X, Qiu X. BP neural network classification 
for bleeding detection in wireless capsule endoscopy. J Med Eng 
Technol 2009; 33: 575-581 [PMID: 19639509 DOI: 10.1080/030919
00903111974]

68 	 Fu Y, Zhang W, Mandal M, Meng MQ. Computer-aided bleeding 
detection in WCE video. IEEE J Biomed Health Inform 2014; 18: 
636-642 [PMID: 24608063 DOI: 10.1109/JBHI.2013.2257819]

69 	 Li B, Meng MQ. Computer-aided detection of bleeding regions 
for capsule endoscopy images. IEEE Trans Biomed Eng 2009; 56: 
1032-1039 [PMID: 19174349 DOI: 10.1109/TBME.2008.2010526]

70 	 Xiao J, Meng MQ. A deep convolutional neural network for 
bleeding detection in Wireless Capsule Endoscopy images. Conf 
Proc IEEE Eng Med Biol Soc 2016; 2016: 639-642 [PMID: 
28268409 DOI: 10.1109/EMBC.2016.7590783]

71 	 Hassan AR, Haque MA. Computer-aided gastrointestinal 
hemorrhage detection in wireless capsule endoscopy videos. Comput 
Methods Programs Biomed 2015; 122: 341-353 [PMID: 26390947 
DOI: 10.1016/j.cmpb.2015.09.005]

72 	 He JY, Wu X, Jiang YG, Peng Q, Jain R. Hookworm Detection in 
Wireless Capsule Endoscopy Images With Deep Learning. IEEE 
Trans Image Process 2018; 27: 2379-2392 [PMID: 29470172 DOI: 
10.1109/TIP.2018.2801119]

73 	 Hotez PJ, Brooker S, Bethony JM, Bottazzi ME, Loukas A, Xiao 
S. Hookworm infection. N Engl J Med 2004; 351: 799-807 [PMID: 
15317893 DOI: 10.1056/NEJMra032492]

74 	 East JE, Vleugels JL, Roelandt P, Bhandari P, Bisschops R, Dekker 
E, Hassan C, Horgan G, Kiesslich R, Longcroft-Wheaton G, Wilson 
A, Dumonceau JM. Advanced endoscopic imaging: European 
Society of Gastrointestinal Endoscopy (ESGE) Technology Review. 
Endoscopy 2016; 48: 1029-1045 [PMID: 27711949 DOI: 10.1055/
s-0042-118087]

75 	 Komeda Y, Handa H, Watanabe T, Nomura T, Kitahashi M, Sakurai 
T, Okamoto A, Minami T, Kono M, Arizumi T, Takenaka M, 
Hagiwara S, Matsui S, Nishida N, Kashida H, Kudo M. Computer-
Aided Diagnosis Based on Convolutional Neural Network System 
for Colorectal Polyp Classification: Preliminary Experience. 
Oncology 2017; 93 Suppl 1: 30-34 [PMID: 29258081 DOI: 
10.1159/000481227]

P- Reviewer: Poskus T, Shi H, Zhang QS    S- Editor: Wang JL    
L- Editor: A    E- Editor: Wu YXJ

Alagappan M et al . Artificial intelligence in GI endoscopy



Michail Galanopoulos, Emmanouela Tsoukali, Filippos Gkeros, Marina Vraka, Georgios Karampekos, 
Gerassimos J Matzaris

MINIREVIEWS

250 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

Screening and surveillance methods for dysplasia in 
inflammatory bowel disease patients: Where do we stand?

Michail Galanopoulos, Emmanouela Tsoukali, Filippos 
Gkeros, Marina Vraka, Georgios Karampekos, Gerassimos 
J Matzaris, Department of Gastroenterology, Evangelismos, 
Ophthalmiatreion Athinon and Polyclinic Hospitals, Athens 
10676, Greece

ORCID number: Michail Galanopoulos (0000-0002-7544-2810); 
Emmanouela Tsoukali (0000-0003-3366-6952); Filippos Gkeros 
(0000-0002-6240-5287); Marina Vraka (0000-0002-4546-6686); 
Georgios Karampekos (0000-0002-4330-7614); Gerassimos J 
Matzaris (0000-0002-5302-5450).

Author contributions: Galanopoulos M designed the review; 
Galanopoulos M, Gkeros F, Tsoukali E, Karampekos G and 
Vraka M analyzed and interpreted the data; Galanopoulos M 
and Matzaris GJ drafted the manuscript; Matzaris GJ critically 
revised the paper.

Conflict-of-interest statement: The authors have no conflict of 
interest to declare.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Michail Galanopoulos, MD, Doctor, 
Department of Gastroenterology, Evangelismos, Ophthalmiatreion 
Athinon and Polyclinic Hospitals, 45-47 Ypsilantou Street, 
Kolonaki, Athens 10676, 
Greece. galanopoulosdr@gmail.com
Telephone: +30-21-32041609
Fax: +30-21-32041989

Received: May 29, 2018 
Peer-review started: May 29, 2018
First decision: June 6, 2018

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.4253/wjge.v10.i10.250

World J Gastrointest Endosc  2018 October 16; 10(10): 250-258

ISSN 1948-5190 (online)

Revised: June 24, 2018
Accepted: June 28, 2018
Article in press: June 29, 2018
Published online: October 16, 2018

Abstract
Patients with long-standing ulcerative colitis (UC) and 
extensive Crohn’s colitis (CC) are at increased risk for 
dysplasia and colorectal cancer (CRC). Several studies 
have shown that UC extending proximal to the rectum, 
CC involving at least 1/3 of the colon, co-existence 
of primary sclerosing cholangitis, undetermined or 
unclassified colitis, family history of CRC and young 
age at diagnosis appear to be independent risk factors 
for inflammatory bowel disease (IBD) - related CRC. 
Therefore, screening and surveillance for CRC in 
IBD patients is highly recommended by international 
and national guidelines, whilst colonoscopy remains 
the unequivocal tool in order to detect potentially 
resectable dysplastic lesions or CRC at an early stage. 
Although the importance of screening and surveillance 
is widely proven, there is a controversy regarding the 
time of the first colonoscopy and the criteria of who 
should undergo surveillance. In addition, there are 
different recommendations among scientific societies 
concerning which endoscopic method is more efficient 
to detect dysplasia early, as well as the terminology 
for reporting visible lesions and the management of 
those lesions. This article concisely presents the main 
endoscopic methods and techniques performed for 
detecting dysplasia and CRC surveillance in patients 
with IBD focusing on their evidence-based accuracy 
and efficiency, as well as their cost-effectiveness. 
Finally, newer methods are mentioned, highlighting 
their applicability in daily endoscopic practice. 

Key words: Inflammatory bowel disease; Ulcerative 
colitis; Crohn’s disease; Dysplasia; Colorectal cancer; 
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Core tip: There is an established association between 
inflammatory bowel disease (IBD) and colorectal cancer 
(CRC). Therefore, surveillance of these patients for CRC 
is crucial and recommended by international guidelines. 
In this review we present the main endoscopic methods 
and techniques performed for detecting dysplasia and 
CRC surveillance in patients with IBD, highlighting 
chromoendoscopy with targeted biopsies as the gold 
standard method. Finally, newer methods are mentioned, 
examining their applicability in daily endoscopic practice.

Galanopoulos M, Tsoukali E, Gkeros F, Vraka M, Karampekos G, 
Matzaris GJ. Screening and surveillance methods for dysplasia in 
inflammatory bowel disease patients: Where do we stand? World 
J Gastrointest Endosc 2018; 10(10): 250-258  Available from: 
URL: http://www.wjgnet.com/1948-5190/full/v10/i10/250.htm  
DOI: http://dx.doi.org/10.4253/wjge.v10.i10.250

INTRODUCTION
Patients with inflammatory bowel disease (IBD) have a 
higher incidence of colorectal cancer (CRC) compared 
to the general population, even though only 1% of all 
CRC cases are attributed to IBD[1]. The incidence rates 
reported by Eaden et al[2,3], as well as the St. Mark’s group 
in the United Kingdom, showed comparable cumulative 
probabilities of CRC and dysplasia, approximately 8% 
and 18% by 20 and 30 years of ongoing disease, res­
pectively. According to Bernstein et al[4], both Crohn’s 
disease (CD) and ulcerative colitis (UC) patients face an 
increased risk for colon cancer [relative risk (RR) 2.64 
and 2.75, respectively]. Factors linked to an increased 
incidence of CRC include: prolonged duration of colitis, 
extensive colonic involvement, presence of primary 
sclerosing cholangitis (PSC), positive family history for 
CRC and, according to some studies, earlier onset and 
severity of inflammation[1,5-9] (Table 1). Oncogenesis 
in IBD has been well described as a result of chronic 
inflammation, leading via low- and high-grade dysplasia, 
finally, to CRC[1,10-24] (Figure 1). Dysplasia is divided into 
two categories: (1) Endoscopically visible dysplastic 
lesion, e.g., polyps, which are detected by targeted 
biopsies or resection of endoluminal masses; and (2) 
Endoscopically invisible dysplasia which is detected 
by blinded random biopsies on endoscopically normal 
lumen and is characterized as the most dependable 
marker for increased CRC risk in IBD patients[1,25,26]. 
The resection of visible dysplasia, in combination with a 
rigorous follow-up program has been shown to be a safe 
alternative to colectomy for select patients[27,28]. On the 
other hand, a study by Picco et al[29] showed that the 
detection rate for dysplasia with the use of white light 
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endoscopy (WLE) was 9.3%, compared to 21.3% when 
using both WLE and dye-spray chromoendoscopy (DCE). 
This demonstrates the need for the implementation of 
a surveillance strategy in IBD patients based on better 
techniques and technologies, aiming at reducing the 
prevalence of metachronous lesions during follow-up. 
However, uncertainties exist regarding the soundness of 
this approach on preventing CRC. In a recent systematic 
review, people undergoing periodic surveillance for CRC 
were not found to have lower mortality when compared 
to those under no surveillance (RR 0.81, 95%CI: 0.17 
to 3.83)[30,31]. 

Nevertheless, the current recommendations favor DCE 
with targeted biopsies of any identified lesions[1,26,32,33] 
(Figure 2). Whenever DCE is not available, WLE with 
random, four quadrant biopsies every 10 cm should be 
performed with additional targeted biopsies from visible 
lesions. Other endoscopic modalities, like narrow band 
imaging (NBI), i-SCAN and autofluorescence imaging, 
did not achieve superior dysplasia detection rates when 
compared to standard (SD)- or high-definition (HD) 
WLE in randomized controlled trials[34-39].

Taking all these into consideration, the aim of our 
review is the brief and up-to-date description of the basic 
screening endoscopic modalities, as well as their efficacy 
and accuracy for CRC surveillance in IBD patients.

STANDARD-DEFINITION AND HIGH-
DEFINITION WHITE LIGHT ENDOSCOPY
The standard method in CRC surveillance has until 
recently been SD colonoscopy, with the use of targeted 
as well as random quadrant biopsies every 10 cm, 
which amounts to at least 33 biopsies to achieve 
90% confidence of detecting dysplasia. However, this 
technique ultimately inspects less than 1% of the 
mucosal surface of the colon[40]. According to a Dutch 
study examining long-standing UC, the overall rate of 
dysplasia detection with SD colonoscopy was 0.19[36]. 
With the advent of HD endoscopes and monitors, 
the endoscopist is able to better identify dysplastic 
lesions. A study by Subramanian et al[41] comparing 
SD to HD colonoscopy for dysplasia screening in 
UC, reported a three-fold increase in the yield of the 
HD endoscope combined with targeted, as well as 
random biopsies, especially in the right colon. Based 
on the aforementioned study, the SCENIC consensus 
statement by American Society for Gastrointestinal 
Endoscopy (ASGE) favors HD- over SD-WLE when 
implementing a surveillance program, even though the 
HD cost remains a limitation[33]. This improvement in 
detection of dysplastic lesions by HD-WLE and targeted-
biopsy sampling changed the therapeutic considerations 
regarding colectomy, favoring more conservative 
approaches[41]. Furthermore, it was pointed out that the 
increased turnout with HD colonoscopy is probably a 
true reflection of the increased yield of this technique[41]. 
Nevertheless, based on the same study, neither 
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Table 1  Colorectal cancer risk factors and surveillance

significant change in the detection of lesions with high 
grade dysplasia nor early carcinoma or flat lesions were 
observed. 

On the contrary, the study by van den Broek et al[36] 
showed no substantial difference in clinical outcomes 
for patients, in whom low grade dysplasia was revealed 
using random biopsies, thus advocating the use of 
improved visualization through advanced techniques[36,41].

Concluding, even though the most widespread tech­
nique for dysplasia surveillance in IBD until recently has 
been the WLE with random biopsies, it is arduous and 
protracted[40]. Furthermore, the diagnostic reliability of 
WLE is challenged in a recent review, which found a 
sensitivity of 76%[42]. Therefore, this method’s practicability 
has been clearly questioned and the research for the 
development of diagnostic modalities is supported[43].

RANDOM BIOPSIES
Four quadrant biopsies every 10 cm throughout the 
colon has been the gold standard of IBD surveillance for 
more than 30 years. This approach originates from the 
theory of “flat dysplasia”, which suggests that dysplasia 
is difficult to visualize in colitis-affected mucosa[40,44]. 
Random biopsy only samples less than 1% of the lu­
minal mucosa; has a subpar detection rate (< 2 per 
1000 biopsies taken) and when used in conjunction 
with advanced endoscopic techniques, it does not affect 
clinical decisions[44]. A large retrospective analysis by 
van den Broek et al[36] reviewing 1010 colonoscopies 
during 10 years of surveillance stated that the result 
of random biopsy surveillance was poor, and neoplasia 
was detected only in four patients with random biopsies. 

High risk factors 
Annual surveillance
   Extensive colonic involvement (pancolitis, CD with > 50% colonic involvement)
   Moderate-severe endoscopic or histological active inflammation sustained over time
   PSC
   Disease commencing at age < 15 yr
   Family history of sporadic CRC in a first-degree relative < 50 yr
   Presence of a stricture or dysplasia detected during the previous 5 yr
High risk factors in case of pouch existence 
   Dysplasia
   Previous CRC
   Type C mucosa
Intermediate risk
Every three years surveillance
   Mild or moderate endoscopic/histological inflammation sustained over time
   Family history of sporadic CRC in a first-degree relative older than 50 yr
   Presence of inflammatory polyps
Low risk factors
Every five years surveillance
   Pancolitis without inflammation
   Left-sided UC or CD with < 50% colonic involvement

CRC: Colorectal cancer; CD: Crohn’s disease; PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis. 

CIN
MSI
Hypermethylisation
MMR mutation
COX-2

DCC ECM

APC

K-ras
SOX9
ROS
MYC
Rho/Rac GTPase

p53
NFkB
STAT3

Inflammatory mechanisms

Genetic alterations

Negative 
dysplasia

Indefinite dysplasia

Low-grade dysplasia

High-grade dysplasia

Carcinoma

Figure 1  Colitis-associated colon cancer sequelae. COX-2: Cyclooxygenase-2; ECM: Extra-cellular matrix; MMR: Mismatch repair mutation; DCC: Deleted in 
colorectal carcinoma; APC: Adenomatous polyposis coli; MSI: Microsatellite instability; CIN: Chromosomal instability; ROS: Reactive oxygen species; K-ras: Kirsten 
rat sarcoma 2 viral oncogene homolog; p53: Tumor protein p53; NF-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells; STAT3: Signal transducer and 
activator of transcription 3; SOX9: SRY-box 9 gene.
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Additionally, neoplasia was macroscopically visible 
in 94% of colonoscopies[43,44]. Current guidelines by 
British Society of Gastroenterology (BSG) and ASGE 
advocate the use of DCE without the need for random 
biopsies; however, it is suggested that random biopsies 
be acquired during HD colonoscopy, if DCE is not 
available or technically feasible[26]. Random biopsies 
remain a reasonable alternative if there are conditions 
that lower the diagnostic yield, such as inflammation, 
pseudo-polyposis, poor preparation or a poorly visualised 
mucosa[26,45].

DYE-SPRAY CHROMOENDOSCOPY
Several studies have proven the efficacy of DCE in 
the detection of dysplasia in patients with IBD. DCE 
may reduce the need for random biopsies and may 
allow prolonged surveillance-interval, leading to cost 
reduction, as well as an increase the detection sensi­
tivity of dysplastic lesions per examination[46].

This technique helps to augment dysplasia detection 
by topical application of dye on the colonic mucosa during 
colonoscopy. Areas that are macroscopically elevated or 
depressed, friable, obscure in vasculature, and with a 
villous or nodular pattern, can be detected more easily 
and biopsies can be taken. The most common dyes that 
in use are methylene blue and indigo carmine[47]. Dye 
solution can be sprayed by catheter, or flushing pumps, 
or administered as controlled release tablets, taken 
with bowel preparation[48]. When performing DCE, it is 
important to avoid active disease and to have adequate 
bowel preparation. Paris classification seems to be the 
standard method to describe any visible lesion, and 
targeted biopsies should be taken from any suspected 
area. If the lesion is well-defined, en-bloc endoscopic 
resection should be performed and biopsies should be 
taken from the adjacent mucosa. In case the lesion is 
unresectable, the endoscopist should take biopsies and 
tattoo the area.

Kiesslich et al[49] were the pioneers conducting a large 
randomized study with 263 individuals with long-standing 
UC. In the DCE-group, there was a statistically important 
correlation between the endoscopic estimation of the 

level and extent of inflammation of the colon (P = 0.0002) 
and the histology report, when compared to WLE (P = 
0.0002) (89% vs 52% P < 0.0001). Additionally, more 
targeted biopsies were possible and these biopsies 
detected significantly more intraepithelial neoplasia (INs) 
when performing DCE (32 vs 10 P = 0.003). In a well-
designed prospective study, Hurlstone et al[50] examined 
350 patients with long-standing UC undergoing colonos­
copy surveillance with high-magnification chromoscopic 
colonoscopy (HMCC) comparing the data with matched 
controls who had undergone WLE. The HMCC-group 
found significantly more intraepithelial neoplasias 
compared to controls (69 vs 24 P < 0.0001), and only 
0.16% of the random biopsies have shown INs vs 8% 
from the targeted biopsies. Furthermore, Marion et al[51] 
studied 102 patients with IBD who underwent in a single 
examination, initially a WLE with random biopsies, then 
a targeted biopsy protocol and finally, DCE with targeted 
biopsies. They reported that biopsies obtained by the 
latter method detected significantly more dysplastic 
lesions than random biopsies with WLE (P = 0.001), as 
well as more than WLE with targeted biopsies (P = 0.057). 

According to Subramanian et al[52] meta-analysis 
study including a large number of patients, the overall 
difference between the DCE and WLE in the detection 
of dysplasia was approximately 7% (95%Cl: 3.2-11.3), 
with the former showing a better rate of dysplastic 
lesions detected by targeted biopsies, as well as a 
higher rate of detection for flat lesions at 27% (95%CI: 
11.2-41.9). On the other hand, the omission of random 
biopsies during chromoendoscopy will result in missing 
endoscopically invisible dysplasia. According to another 
meta-analysis, Wu et al[47] reported that DCE offers 
median to good sensitivity and a very good accuracy for 
revealing lesions with dysplasia in UC after analyzing 
six randomized controlled trials with 1.528 patients. 
The pooled sensitivity and specificity for DCE with 
targeted biopsies were 83.3% (95%CI: 35.9%-99.6%) 
and 91.3% (95%CI: 43.8%-100%) respectively, with 
conventional colonoscopy demonstrating lower rates. 
Soetikno et al[53] in a well-designed meta-analysis 
with 665 patients with IBD, demonstrated that the 
pooled positive percentage of DCE over WLE for the 

Figure 2  Algorithm for colorectal cancer surveillance in inflammatory bowel disease patients. IBD: Inflammatory bowel disease; EMR: 
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discernment of dysplasia of any grade per patient was 
7% (95%CI: 3.3%-10.3%), as well as the possibility 
to miss dysplasia was 93% lower by performing 
chromoendoscopy with targeted biopsies (the pooled 
OR was 0.07; 95%CI: 0.03-0.21). Interestingly, 
according to a prospective study, Marion et al[54] showed 
that apart from the superiority of DCE when compared 
to WLE, a DCE examination without any findings was 
considered as the most probable indicator for a patient 
without any level of dysplasia, whereas an exam with 
any sort of findings was positively correlated with earlier 
referral for colectomy(hazard ratio, 12.1; 95%CI: 
3.2-46.2).

Nevertheless, lately, the advantages of DCE over 
WLE have come into question, as well as the practica­
bility of applying DCE in a real world setting of hectic 
endoscopy units. Trying to highlight this problem, a 
large retrospective non-randomized trial with different 
types of endoscopes used over time showed that 
the performance of DCE for IBD surveillance did not 
increase detection of dysplasia compared with WLE 
with targeted and random biopsies (11% vs 10%, P = 
0.80)[55]. The number of lesions with neoplasia was also 
comparable between the DCE and WLE groups (P = 
0.30). 

As a final point, an interesting cohort analysis reg
arding cost-effectiveness was conducted by Konijeti et 
al[56], that compared DCE with targeted biopsies to WLE 
with random biopsies at various surveillance intervals 
and no surveillance at all. Chromoendoscopy was more 
efficient in the detection of dysplasia and cost more 
effective when compared with WLE. DCE exhibited cost-
effectiveness relative to patients not undergoing any 
surveillance when performed at intervals bigger than 7 
years. 

VIRTUAL CHROMOENDOSCOPY 
SYSTEMS
Technological progression has enabled newer modalities 
based on older technologies for mucosal assessment. 
Given the success rate of chromoendoscopy in assessing 
colonic mucosa, the newest endoscopic devices have 
filters and algorithms that enable the mimicry of 
chromoendoscopy by filtering some light wavelengths 
to better underline abnormal tissues, while foregoing 
the limitating factors of chromoendoscopy. Dye-less or 
virtual chromoendoscopy has been developed by three 
major manufacturers for their respective endoscopic 
platforms. NBI filters out red and green light bands while 
contributing more to blue light bands at the 415 nm 
wavelength. This modality allows for visualization of the 
vasculature of the upper mucosa and different patterns 
correlating to different degrees of mucosal inflammation 
and predicts disease relapse. In the same vein, the 
i-Scan system provides detailed analysis, which is based 
on principles similar to NBI, with parameters allowing 
the processing of light through specific algorithms. This 

process provides detailed analysis based on vessel, 
mucosal pattern or surface architecture (i-Scan v, i-Scan 
p and i-Scan SE, respectively), with each analysis being 
readily available during endoscopy[57].

It has been reported that the yield of surveillance can 
be improved by the use of autofluorescence with NBI[36]. 
According to a study by Dekker et al[34], 52 suspicious 
lesions were detected in 17 patients using NBI, in 
comparison to 28 lesions in 13 patients detected with 
WLE. The pathology of the targeted biopsies revealed 
neoplasia in 11 patients; neoplasia was detected in 
4 patients with both those modalities, in another 4 
neoplasia was detected only by use of NBI, and in 3 
patients neoplasia was discovered only by WLE, demon­
strating non-statistical significance (P = 0.705) for 
those three modalities. In addition to targeted biopsies, 
1522 random biopsies were taken in the context of 
surveillance. The pathology of these biopsies added only 
1 patient with dysplasia that remained undetected by 
both NBI and WLE[34]. A prospective multicenter study 
by Leifeld et al[35] concluded that the two techniques did 
not differ in the statistical probability of lesion detection, 
but NBI required less withdrawal time (23 min vs 13 
min, respectively P < 0.001) and biopsy samples (11.9 
vs 38.6 biopsy specimens, respectively P < 0.001), 
when compared to WLE. These results are backed by a 
randomized study by Ignjatovic et al[38], which revealed 
no difference between the two modalities, regarding 
the detection of dysplasia. Overall, NBI does not seem 
to achieve a significantly higher probability of dysplasia 
detection, compared to conventional HD colonoscopy.

In the same vein Pellisé et al[58] conducted a pro­
spective, randomized, controlled trial comparing NBI to 
DCE in 60 patients with long-standing inactive colonic 
IBD. The authors reported that NBI was less time-
consuming (P < 0.01), equally effective in detecting 
dysplastic lesions and had a lower rate of false-positive 
biopsies (P = 0.001). However, NBI missed suspicious 
lesions with a non-significant miss rate difference 
of 30.7% (95%CI: -64.2% to 2.8%). As a result, 
the study surmised that NBI should not be standard 
modality for surveillance. 

In general, NBI did not substantially differ from 
DCE, a claim that needs to be verified by more robust 
data pooling. A possible explanation is that NBI can 
more readily identify non-neoplastic inflammatory 
lesions than WLE, which were not pooled in the meta-
analysis comparing those techniques[37]. Furthermore, 
the iterations of NBI are different in those studies, with 
older generation systems producing suboptimal, darker 
images[37,42]. Based on the current level of evidence, 
DCE remains the standard technique for the surveillance 
in IBD patients.

A large randomized prospective study comparing 
HD-iScan and HD-WLE to standard DCE did not prove 
inferiority for those two techniques, with the question 
of whether i-Scan and HD-WLE will benefit an expert 
endoscopist remaining unanswered[39]. The authors 
conclude that they need more multiple-operator studies 
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to assess the helpful potential of these new techniques.

CONFOCAL LASER ENDOMICROSCOPY 
One of the newest tools in the arsenal of mucosal 
assessment for dysplasia is the confocal laser endo­
microscopy (CLE) that allows in vivo microscopic 
inspection and evaluations of a targeted lesion in the 
gastrointestinal tract. This new and evolving method is 
used in conjunction with HD-WLE and DCE to further 
define suspicious lesions and assess their histology, 
by performing real time analysis of the cellular and 
subcellular characteristics at high resolution. The 
technique is based on fluorescence, which requires the 
addition of fluorescein intravenously or topically, but 
results in high quality images, comparable to traditional 
histology. 

Kiesslich et al[59] first used the endoscope-based 
integrated system in 2007 to demonstrate that neo­
plastic changes in patients with UC can be identified 
with very good accuracy (94.7% sensitivity, 98.3% 
specificity, 97.8% accuracy), compared with standard 
surveillance endoscopy. Overall, 4.75-fold more neo­
plastic areas could be identified than with a WLE (P 
= 0.005), while requiring only half the number of 
biopsy samples (median 21.2 in the CLE group vs 42.2 
undergoing surveillance endoscopy), despite the fact that 
CLE prolonged colonoscopy by an additional 10 min on 
average (P > 0.05). A recent study by Wanders et al[60], 
on the application of integrated CLE for surveillance in 
CD, which was terminated early due to critical equipment 
failure at 4 of the 5 participating centers, came up with 
a much lower diagnostic yield, with sensitivity of 42.9%, 
specificity of 92.4% and accuracy of 86.7%. The authors 
concluded that the technique probably will not be used 
in the daily practice of screening for CRC in patients with 
colitis. 

A recent study of the probe-based CLE (pCLE) comes 
from Sweden where it was used for the surveillance of 
dysplasia in patients with PSC-IBD, a population with 
6-fold increase in the incidence of CRC compared with 
the average risk for CRC population[61]. The study 
showed good diagnostic accuracy, with the estimated 
accuracy at 96%, sensitivity at 89% and specificity at 
96%, with a low PPV at 41%, but with a very high NPV 
at 99% for the pCLE. The authors noted that the yield 
for accuracy fell when assessing areas with mucosal 
inflammation being misinterpreted as dysplasia. This 
study challenges the earliest attempts at pCLE systems 
for CRC surveillance in IBD patients by van den Broek et 
al[62], where the authors reported much lower diagnostic 
yield.

CONCLUSION
Despite the fact that DCE with targeted biopsies is 
the gold standard technique for IBD surveillance, it 
has some limitations. The need for adequate bowel 
preparation, the long procedure time, and its operator 

dependence are some of them. Moreover, the presence 
of active mucosal inflammation or post-inflammatory 
polyps may affect the images of chromoendoscopy 
and, in these cases random biopsies are still justified. 
There are no sufficient data about the effectiveness of 
the different dyes in detecting dysplasia and there are 
some concerns about methylene blue inducing DNA 
damage but have not yet been validated. Two recent 
editorials have questioned the SCENIC consensus, 
because chromoendoscopy and targeted biopsies have 
not been shown to improve CRC mortality[63,64]. Even 
when accounting for those limitations, chromoendoscopy 
remains a validated technique that becomes more 
and more recommended for CRC surveillance in IBD 
patients, whilst white light endoscopy with random 
biopsies should only be performed when the skill or the 
equipment for chromoendoscopy is unavailable.
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Abstract
Acute pancreatitis (AP) is common gastrointestinal 
disease of varied aetiology. The most common cause 
of AP is gallstones, followed by alcohol abuse as an 
independent risk factor. With the increased need for 
invasive techniques to treat pancreatic and bile duct 
pathologies such as endoscopic retrograde cholan
giopancreatography (ERCP), AP has emerged as the 
most frequent complication. While severe AP following 
ERCP is rare (0.5%), if it does develop it has a greater 
severity index compared to non-ERCP AP. Development 
of a mild form of AP after ERCP is not considered a 
clinically relevant condition. Differences in the clinical 
presentation and prognosis of the mild and severe 
forms have been found between non-ERCP AP and post-
endoscopic pancreatitis (PEP). It has been proposed 



that AP and PEP may also have different immunological 
responses to the initial injury. In this review, we 
summarise the literature on clinical and inflammatory 
processes in PEP vs  non-ERCP AP.

Key words: Acute pancreatitis; Endoscopic retrograde 
cholangiopancreatography; Post endoscopic retrograde 
cholangiopancreatography pancreatitis

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Acute pancreatitis (AP) is the most frequent 
complication after endoscopic retrograde cholangio
pancreatography (ERCP) and although low prevalence 
is found, if it develops it has greater severity index 
compared to non-ERCP AP. The differences in factors 
influencing appearance, clinical presentation and 
prognosis of ERCP induced and non ERCP induced AP 
were found, lead to opinion that mechanism by which 
they induce inflammation, may also be different. It 
would be of great importance to find immunological 
components that can distinguish patients with tendency 
to develop severe AP from patients with mild form, 
especially in ERCP induced AP where organ failure occurs 
half time earlier.

Plavsic I, Žitinić I, Mikolasevic I, Poropat G, Hauser G. 
Endoscopic retrograde cholangiopancreatography-induced and 
non-endoscopic retrograde cholangiopancreatography-induced 
acute pancreatitis: Two distinct clinical and immunological entities? 
World J Gastrointest Endosc 2018; 10(10): 259-266  Available 
from: URL: http://www.wjgnet.com/1948-5190/full/v10/i10/259.
htm  DOI: http://dx.doi.org/10.4253/wjge.v10.i10.259

INTRODUCTION
Acute pancreatitis (AP) is a common gastrointestinal 
disease with a reported incidence of 13-45 cases per 
100000 persons annually[1]. According to the revised 
Atlanta classification, diagnosis of AP requires two of 
three following features: upper abdominal pain of acute 
onset, often radiating through to the back; serum 
amylase or lipase activity greater than three-times the 
normal level; and findings on cross-sectional abdominal 
imaging consistent with AP[2]. The severity of AP can be 
divided into mild, moderately severe or severe forms 
based on the presence or absence of persistent organ 
failure and local and systemic complications (Table 1). 
The mild form of AP is characterised by inflammation 
and the synthesis of proinflammatory cytokines in the 
affected area. The moderate and severe forms are 
characterised by the release of proinflammatory mole
cules into the circulation, causing systemic inflammatory 
response syndrome (SIRS)[3].

Gallstones are most common cause of AP, followed 
by alcohol abuse as an independent risk factor[2]. 

Invasive techniques used for the treatment of pan
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creatic and bile duct pathologies, such as endoscopic 
retrograde cholangiopancreatography (ERCP), carry 
a certain risk of complications. The most frequent of 
these is AP. Large variations in the reported incidence 
and severity of post-endoscopic pancreatitis (PEP) has 
led to unobjective risk evaluation, mostly consisting of 
retrospective studies. Kochar et al[4] reported an overall 
PEP incidence of 9.7%, while in high-risk patients the 
incidence was 14.7%. It is important to record why 
ERCP is performed, whether for therapeutic or diagnostic 
reasons, as patients may have an underlying condition 
that may affect the incidence of complications[5]. Most 
records report increased PEP after therapeutic ERCP[6].

AP is a disease of varied aetiology. Each produces a 
similar disease pattern, indicating that they all converge 
at a common point to initiate a cascade of events re
sulting in AP[7,8]. Messmann et al[5] found that people 
with AP are usually admitted to hospital several hours or 
even days after the initiation of symptoms. Therefore, it 
is impossible to determine the exact time of injury and 
initiation of the inflammatory phase. Instead, studies use 
PEP as a human model to examine the initial cytokine 
and acute-phase response in the first hours after 
initiation. It has been reported that PEP can serve as 
an ideal model for investigating the initial inflammatory 
phase in non-ERCP-induced AP. 

An alternate opinion is that AP and PEP may actually 
be different disorders. This assumption is based on the 
differences in clinical presentation and prognosis of the 
mild and severe forms[9,10]. The triggers for the two 
disorders differ, and consequently, the mechanism by 
which they induce inflammation may also differ[11].

CLINICAL PRESENTATION
Different clinical outcomes of non-ERCP-induced AP and 
PEP have been found in several studies[9,10,12] (Table 2). 
Patients that developed post-ERCP pancreatitis initially 
had a higher APACHE Ⅱ score (key prognostic factor 
in predicting mortality) compared to AP of other aetio
logies[10]. The APACHE Ⅱ score takes approximately 48 
h to achieve a good predictive index. Therefore, whether 
this score represents a good method to differentiate 
initial disease severity prognosis (within 24 h), and if it 
can be reliably used to compare non-ERCP AP and PEP, 
remain questionable[9]. 

As mentioned earlier, severe AP following ERCP is 
rare (0.5%), but if it does develop, it does so with a 
greater severity index when compared to non-ERCP AP. 
Fung et al[10] reported that the extent of parenchymal 
necrosis is greater in PEP patients. There was also a 
higher rate of infected necrosis in the PEP group in their 
study. In PEP, the infection occurs earlier than in acute 
non-ERCP-induced pancreatitis. Due to small number of 
patients with ERCP induced acute necrotising pancreatitis 
(ANP) and low statistical power of their study, results 
should be interpreted with caution. All the same, these 
results should be taken into consideration, since the 
presence of infection and its extent is more important 
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for disease prognosis than pancreatic necrosis[10]. Organ 
failure develops early in the severe form of AP, either 
present at admission or 24 h later. In PEP, organ failure 
occurs twice as fast as in non-ERCP AP[3]. 

The mild form of ERCP-induced pancreatitis has a 
shorter and milder disease course with only a temporary 
increase in the level of enzymes in the blood (up to 
48 h), suggesting a non-specific pancreatic reaction to 
injury, not necessary inflammation. Patients with mild 
post-ERCP pancreatitis have been reported to have 
a significantly shorter duration of pain and need for 
analgesia and parenteral hydration. All patients involved 
in this study, indicated for ERCP, were studied after they 
had been discharged from hospital because the acute 
condition can influence the intensity of inflammation[9]. 
Studies on drug effectiveness on the prevention of 
post-ERCP AP use the reduction in total post-ERCP AP 
incidence as the final measurement. So far, results have 
shown a reduction in the mild form but not the severe 
form. The primary goal should be a reduced incidence of 
severe PEP, as the mild form is not a clinically relevant 
condition[13-16].

MECHANISM OF INJURY
Non-ERCP pancreatitis 
As previously mentioned, the most common causes of 
non-ERCP AP are gallstones and alcohol abuse[2]. The 
primary location of injury for both causes are acinar 
cells[17]. Gallstones lead to duct obstruction and blocking 
of acinar exocytosis, leading to the colocalization of 
zymogen and lysosomal granules and early activation of 
pancreatic enzymes. Alcohol leads to oxidative and non-
oxidative damage. The non-oxidative pathway involves 
increased levels fatty acid ethyl ester, whereas the 
oxidative pathway is characterised by the accumulation 
of acetaldehyde, acetate and NADH. Alcohol also 
modifies the intracellular redox state by diminishing the 
NAD/NADH ratio and increasing the lactate/pyruvate 
ratio, ultimately leading to metabolic alterations and 
acinar cell injury[18].

Post-endoscopic pancreatitis
The factors influencing PEP incidence are multifactorial. 
These include patient-related factors, operator-related 
factors and method-related factors. Patient-related 
factors involve age, sex, pre-existing pancreatitis, 
prior history of post-ERCP pancreatitis, sphincter of 
Oddi dysfunction, and small bile duct and pancreatic 
divisum. Operator-related factors are associated with 
the experience of the endoscopist. The method-related 
factors are the most important because in them lies the 

greatest possibility for controlled intervention. Method-
related factors cause mechanical injury a number of 
different ways. Combined operator and method- related 
factor as repeated and difficult papilla cannulation 
can lead to oedema and obstruction of free juice flow 
and sphincter of Oddi spasm. This mechanism may 
resemble the damage caused by gallstone obstruction. 
Furthermore, osmolarity and the ionic nature of the 
contrast media can cause chemical injury. Injecting 
contrast media are responsible for hydrostatic injury, 
which is one of the main causes of pancreatitis after 
ERCP[19]. Another factor is increased duct pressure, which 
can cause early activation of pancreatic enzymes[20]. 
However, microbiological factors related to contaminated 
endoscope and translocation from the intestines is not 
considered to play a major role.

INFLAMMATORY PROCESS
General
It is considered that the first pancreatic event, in any 
of these circumstances, occurs at the level of acinar 
cells[21]. Intrapancreatic trypsinogen activation and NFκB 
activation represent the two main initial triggers for 
AP[8,22]. Sah et al[22] reviewed studies that used animal 
models to show that NFκB activates and induces inflam
mation without the need for trypsinogen activation. 
Therefore, these two events represent two independent 
cellular events. 

The early events in AP include inhibition of zymogen 
secretion, altered intracellular Ca2+ homeostasis that 
modifies pH values (Figure 1), intrapancreatic activation 
of trypsinogen and other zymogens and activation of 
cell death pathways (NFκB)[8,18].

The initial injury of the acinar cells caused by zymo
gens is sterile[23] (Figure 2). 

Sterile inflammation requires two distinct signals 
through the activation of pattern recognition receptors 
(PRRs) (Figure 3). PRRs, like Toll like receptor (TLR) and 
NOD like receptor (NLR), are part of the innate immune 
response[23]. 

Randomised controlled trials have been used to 
study the use of allopurinol in the prevention of post-
ERCP AP. Allopurinol reduces the production of uric 
acid. Uric acid uses DAMPs (NLR receptors) to trigger 
an inflammatory response. These studies found that 
allopurinol decreases the incidence of post-ERCP AP[24,25], 
indicating that the innate immune cells play a role 
in AP after ERCP[21]. Shamoon et al[26] in their study, 
emphasise the importance of innate immune cells and 
derived inflammatory mediators as therapeutic targets 
in AP in early phase of the disease (24-48 h). 

The balance between pro- and anti-inflammatory 
immune response determines the prognosis in AP. A fall 
in the co-expression of HLA-DR on CD14+ monocytes is 
considered a standard laboratory indicator of compen
satory anti-inflammatory immune response syndrome 
(CARS)[27]. The severe form of AP is frequently associated 
with immune suppression, which increases the risk 

Mild Absence of both (peri) pancreatic necrosis and organ failure
Moderate Presence of sterile (peri) pancreatic necrosis and transient 

organ failure
Severe Infected (peri) pancreatic necrosis or persistent organ failure
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of infection, organ failure and death[28]. Kylanpaa et 
al[3] reported that impaired cellular immunity causes 
complications related to infection in AP at a later stage 
of the disease. Furthermore, Testoni et al[12] reported 
that infection in PEP occurs during or immediately after 
the procedure. For this reason, infection in non-ERCP 

AP is considered a secondary event, while in PEP it is 
considered the primary event. 

IMMUNE COMPONENTS 
While the role of different cytokines in AP has been 

Table 2  Differences in post-endoscopic pancreatitis vs  non- endoscopic retrograde cholangiopancreatography induced acute 
pancreatitis clinical presentation

PEP non-ERCP-induced AP Conclusion

Fung et al[10]

ERCP-induced acute 
necrotising pancreatitis 
vs  ANP induced by 
other causes

Higher APACHE Ⅱ scores on admission Lower APACHE Ⅱ scores on admission ANP is more severe when ERCP-induced
More extensive pancreatic necrosis Less extensive pancreatic necrosis

Higher rate of infected necrosis Lower rate of infected necrosis

Testoni et al[12]

ERCP induced AP vs 
non ERCP induced AP

No statistical difference: severity of the pancreatitis 
mortality rate (double in severe PEP)

hospitalisation
In mild form serum amylase fell 50% in 

38.9 h.
Peak serum amylase halved within 48 h in 

92%

In mild form serum amylase fell 50% in 46, 
4 h.

Peak serum amylase halved within 48 h in 
73.6%

Statistical difference (P < 0.001)
Mild form of PEP a sort of pancreatic 

reaction, instead of true episode of acute 
pancreatitis

Abid et al[9]

M i l d  f o r m :  E R C P 
induced AP vs  non 
ERCP induced AP

Shorter duration of pain; Shorter time of 
intravenous hydration; Shorter time to 

resumption of oral diet; Shorter hospital 
stay (P < 0.001)

ERCP-induced AP mild attacks run a 
significantly shorter and milder course 

than non-ERCP related mild attacks

PEP: Post-endoscopic pancreatitis; ERCP: Endoscopic retrograde cholangiopancreatography; AP: Acute pancreatitis.

Increase in Ca2+ Low pH Activation of lysosomal 
hydrolase-cathepsin B

Early trypsinogen 
activatio

Figure 1  Altered Ca2+ homeostasis- change from physiologic intracellular transient Ca2+ spikes to pathologically sustained global Ca2+ rise, can lead to 
significantly lower pH values and cause early enzyme activation.

Release of 
intracellular 
contentsAcinar cell 

necrosisSterile initial
injury

DAMPs-key
determinant of 
further pancreatic injury

Figure 2  Sterile injury causes acinar cell necrosis, the release of intracellular contents, and activation of damage-associated molecular patterns that further 
determine pancreatic injury.

TOLL-like receptor superfamily (TLR) P2X7 receptor and NOD-like receptors (NLRs)

Induction of gene expression 
of proinflammatory cytokines
( pro- IL 1β, pro- IL 18 )

Activation of cytosolic complex 
inflammasome

Controls maturation of caspase 1

Interleukin converting enzyme (ICE) 
regulates conversion of proinflammatory 
cytokines into mature forms

Figure 3  Activation of pattern recognition receptors.
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extensively studied, the role of cellular immunity is 
poorly evaluated[28]. Innate immune cells are the major 
leukocyte population in the inflamed pancreas[29]. 

Monocytes and macrophages
Monocytes and macrophages are the main inflammatory 
cell populations in AP, and both play active roles in AP 
progression. The production of proinflammatory factors 
like tumour necrosis factor (TNF)-α in pancreatic cell 
stimulates the activation of macrophages in distal 
organs including the peritoneum, spleen, liver and 
lungs. Monocyte chemoattractant protein (MCP)-1 
and macrophage migration inhibitory factor (MIF) play 
important roles in AP. Bhatia et al[30] reported that 
blocking MCP-1 synthesis reduces the severity of AP. 
Furthermore, antibodies against MIF improve survival in 
rats with AP[31]. The expression of HLA-DR on monocytes 
gives a good indication of monocyte function. In cases 
of immunosuppression, decreased monocyte HLA-DR 
expression predicts the development of organ failure[32]. 

Neutrophils
Neutrophils play a central role in the development of 
local and systemic complications, therefore, researchers 
have investigated the depletion of neutrophils as a 
therapeutic option for AP. Anti-neutrophil serum (ANS) 
exhibited a marked attenuation in intrapancreatic 
trypsin activation, ameliorated choline-deficient 
ethionine supplemented (CDE) diet-induced pancreatitis 
and completely prevented lung injury[33,34]. The de
pletion of neutrophils associated with ANS did not 
influence macrophage infiltration, but it did decrease 
the number of lymphocytes in the pancreas[29].

T cells 
Progression of AP is accompanied by a change in the 
number and ratio of CD4+ and CD8+ lymphocytes[35]. 
CD4+ lymphocytes are especially important as they act 
as co-stimulators of macrophage activation via antigen 
presentation and the release of proinflammatory 
cytokines. They have been reported to have a direct 
cytotoxic effect on acinar cells through Fas ligand 
expression[36]. Depletion of CD4+ lymphocytes reduces 
the severity of AP[21]; however, CD4+ lymphocytes are 
a heterogeneous population and some release IL-22, 
which has an anti-inflammatory effect[37].

Natural killer cells
Natural killer (NK) cells are predominantly studied in 
response to infection and immunosurveillance against 
tumours. They are part of the innate immune system, 
giving them the ability to respond without prior sen
sitisation. They also carry certain abilities of adaptive 
immunity, as they are primed during development, their 
receptors can exhibit antigen specificity, they undergo 
clonal expansion during infection and generate long-
lived memory cells[38]. Natural killer cells can undergo 
clonal-like expansion through specific and non-specific 

immune responses. While the specific response oc
curs via interaction of their activating receptors with 
viral antigens, the non-specific response is driven by 
the production of cytokines and proliferation following 
exposure to proinflammatory cytokines in the absence 
of TCR signals and co-stimulation[39,40]. Natural killer 
cells have immunological memory, which enables them 
to react faster and more aggressively in familiar sur
roundings. The most important cytokines produced by 
NK cells after activation are TNF-α and IFN-γ[41]. It is 
thought that NK cells that produce proinflammatory 
cytokines can contribute to dysregulation of the immune 
response as seen in sepsis[42]. The cytokine IL-15 pays 
a role in the maintenance of NK cells. The half-life of 
mature NK cells is about 1 wk, but in the absence of 
IL-15 they disappear in 48 h. These cells can also serve 
as an immunotherapeutic target.

Dabrowski et al[28] reported significant depletion 
of the NK cell population on the first day of severe 
AP, while there was no significant change in NK cell 
number in mild AP. These findings are consistent with 
the idea that severe forms of AP are related to immune 
suppression. Profound inhibition of innate cell immunity 
can be explained by the migration of NK cells and 
natural killer T (NKT) cells to the site of inflammation.

Natural killer T cells
Natural killer T cells are generally autoreactive and can 
recognise both exogenous and endogenous ligands. 
There are two types of NKT cells, type Ⅰ and type Ⅱ. 
Type Ⅰ is more prevalent in mice and can be either pa
thogenic or protective, although they have a greater 
propensity to be pathogenic. Type Ⅱ is prevalent in 
humans, and predominantly protect against inflammation 
and autoimmune disease. Different self-antigens can 
stimulate type Ⅰ NKT cells, and some of these antigens 
are present at elevated levels during inflammation[43].

In patients with severe AP there is a reduction in the 
number of peripheral lymphocytes, especially monocytes 
and cytotoxic T lymphocytes[28,44].

Cytokines
The most important anti-inflammatory cytokine is 
interleukin (IL)-10. It down-regulates the production 
of proinflammatory cytokines and the expression of 
HLA-DR on monocytes. If the compensatory anti-
inflammatory response is too intense, however, it may 
lead to immunosuppression and complications including 
infection. The concentration of IL-10 is highest in the 
early phase of severe AP. As infection is considered to be 
one of the prognostic factors related to disease severity, 
IL-10 may be a promising predictive marker of organ 
failure[45]. There are conflicting reports for the use of 
IL-10 in the prevention of post-ERCP AP. In a randomised 
double-blind study, Deviere et al[46] showed a reduced 
incidence of post-ERCP AP after IL-10 usage, although 
this was not supported by a study by Dumot et al[47].

As a key proinflammatory mediator, IL-6 regulates 
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the synthesis of acute-phase proteins in the liver as 
well as macrophage-conditioned tissue damage[48]. It 
reaches its peak value 24-48 h after clinical expression. 
In necrotising pancreatitis, the peak levels of IL-6 
occur after 24 h[5]. Minkov et al[48] concluded that IL-6 
represents an independent factor for predicting severity 
in acute non-ERCP pancreatitis.

The highest values of C-reactive protein (CRP) are 
recorded after 48–72 h, which is later than that of IL-6[5]. 
Although CRP has been identified as a late marker in 
laboratory monitoring[49], Messman et al[5] found that 
both IL-6 and CRP peak earlier in patients with ANP. 

IL-1β-mediated signalling is required for full pan
creatic and distal organ injury and inflammation[50], 
and is the pivotal inflammatory mediator in cell death 
associated with sterile inflammation[51]. Serum levels 
of IL-1β do not correlate with AP severity in humans, 
although it has been found that the values peak after 24 
h and are greater in patients with severe AP compared to 
mild AP[52]. In animal models, peak serum IL-1β precede 
peak serum IL-6 values[50,53]. It is possible that IL-1β is 
required for the induction of IL-6 production, which is 
strongly correlated with disease severity in humans[54]. 
IL-1β and TNF-α are considered the primary cytokines 
that initiate and propagate most of the consequences of 
the SIRS in AP[55,56]. IL-6 prevents the synthesis of IL-1β 
and TNF-α[57].

Kilciner et al[49] compared early changes (within 24 
h) in the serum levels of IL-2, IL-4, TNF-α and IL-6 in 
the development of post-ERCP pancreatitis. They used 
patients who underwent ERCP as well as a control 
group consisting of patients with non-ERCP AP caused 
by gallstones, drugs or alcohol. They found that IL-4, 
an anti-inflammatory cytokine, was significantly lower 
in post-ERCP and non-ERCP AP patients compared to 
patients who did not develop pancreatitis. The TNF-α 
level was not significantly different after 24 h in patients 
who developed PEP compared to those who did not 
develop pancreatitis after ERCP. After 24 h, the IL-6 
levels did not differ from the control group, but they 
were significantly higher compared to patients who did 
not go on to develop pancreatitis after ERCP.

The role of IL-18 may depend on the presence of 
other cytokines. It plays an important role in the local 
immune response to pancreatic injury[23], and can also be 
found in serum. It has been described to prime NK cells, 
and NK cells that were unable to receive IL-18 signals 
were found to have defective cytotoxicity and cytokine 
secretion after stimulation[38].

AP is the most frequent complication after the ERCP 
procedure. Although the incidence of AP after ERCP is 
low, it is reported to occur in 0.5% of patients, PEP has a 
greater severity index compared to non-ERCP AP[10]. As 
the mild form of PEP is not a clinically relevant condition, 
it would be useful to identify early markers to predict 
whether a patient will develop the severe form of PEP.

 The serial changes in amylase and lipase levels in 
patients without PEP suggest the existence of subclinical 

pancreatic damage. Messmann found that amylase 
and lipase levels increased equally among all patients 
after ERCP[5]. Amylase and lipase are released into 
the systemic circulation due to disturbed transport 
and increased ductal permeability; however, they are 
not thought to be responsible for inducing further in
flammation. Based to these findings, we conclude that 
serum amylase values can’t serve as an adequate 
future therapeutic goal.

The role of cytokines, especially IL-10, IL-6 and 
TNF-α, have been extensively studied for the prediction 
of disease severity[45,48,55,56]. These cytokines can be 
used to predict the severity of PEP after 12-24 h; 
however, measurements taken 4 h after the procedure 
showed no significant difference between patients who 
developed PEP and those who did not develop PEP[51,58]. 

Further research on the initial inflammatory response 
is necessary, particularly as organ failure has been 
reported to occur earlier in severe forms of AP, either 
at admission or 14 h later. Furthermore, in PEP, organ 
failure occurs twice as fast than in non-ERCP AP[44]. 
Direct comparison of the initial inflammatory response 
between PEP and non-ERCP AP would be of significant 
importance to clarify these statements. Found difference 
in clinical response to initial injury might be explained 
by different initial immune response[59]. 

Infection is considered to be the most important 
prognostic factor for disease severity. Similarities bet
ween cytokines and inflammatory mediators in sepsis 
and AP are often compared. Kjaergaard et al[60] reported 
that the expression of NKG2D receptors on NK cells and 
CD14 on monocytes can be valuable prognostic markers 
of an unbalanced immune response, and may predict 
a worse outcome for critically ill patients. Also, Guo et 
al[61] presented natural killer cells as critical to eliminate 
pathogens during the early phase of sepsis and prevent 
patients from developing secondary infection. We suggest 
that similar components should be used in PEP and non 
ERCP AP.

In addition to searching for adequate biomarkers 
to assess disease severity, it is our opinion that novel 
therapeutic strategies for both of these conditions lie in 
uncovering the immune pathways.

CONCLUSION
The most frequent complication after ERCP is AP. In most 
cases, it is not a clinically relevant condition, but in 0.5% 
of patients it has a greater severity index compared 
to non-ERCP AP. In severe PEP, infection occurs earlier 
than in acute non-ERCP-induced pancreatitis, and organ 
failure occurs twice as fast. Treatment of AP, regardless 
of the cause, is primarily supportive and implies a certain 
economic burden in the healthcare system worldwide. 
More thorough clarification of disease pathogenesis is 
needed, in order to find adequate immune target to 
predict and consequently prevent severe form of the 
disease. 
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Abstract
Endoscopic ultrasound (EUS)-guided fine needle 
aspiration with or without biopsy (FNA/FNB) are the 
primary diagnostic tools for gastrointestinal submucosal 
tumors. EUS-guided fine needle aspiration (EUS-FNA) 
is considered a first line diagnostic method for the 
characterization of pancreatic and upper gastrointestinal 
lesions, since it allows for the direct visualization of the 
collection of specimens for cytopathologic analysis. EUS-
FNA is most effective and accurate when immediate 
cytologic assessment is permitted by the presence of a 
cytopathologist on site. Unfortunately, the accuracy and 
thus the diagnostic yield of collected specimens suffer 
without this immediate analysis. Recently, a EUS-FNB 
needle capable of obtaining core samples (fine needle 
biopsy, FNB) has been developed and has shown 
promising results. This new tool adds a new dimension 
to the diagnostic and therapeutic utility of this 
technique. The aim of the present review is to compare 
the efficacy of EUS-FNA to that afforded by EUS-FNB in 
the characterization of pancreatic masses and of upper 
and lower gastrointestinal submucosal tumors.

Key words: Efficacy; Safety; Gastrointestinal masses; 
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Core tip: Endoscopic ultrasound (EUS)-guided sampling 
is the first diagnostic option for gastrointestinal sub
mucosal and pancreatic lesions. In the past, fine needle 
aspiration (FNA) was the main method to obtain tissue 
for histological examination, however, it was associated 
with limited diagnostic accuracy. In the last decade, 
fine needle biopsy (FNB) needle was introduced into 
clinical practice, which allows for more tissue acquisition 
and improvement in diagnostic yield. In this updated 
minireview, we provide an overview on the role of EUS-
FNA and FNB in certain gastrointestinal lesions. In 
addition, we provide a summary on the efficacy and 
safety profile of each procedure with reporting the 
recent guidelines recommendation.
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INTRODUCTION
Endoscopic ultrasound (EUS)-guided fine needle as
piration (FNA) is considered the initial diagnostic tool 
for the assessment of gastrointestinal lesions including 
pancreatic, submucosal, and lymphatic lesions[1]. 
Despite the extensive utilization of this technique, 
it possesses several key limitations. Among these 
limitations is the wide variability in the diagnostic yield 
of collected specimens, as well as the loss of histological 
architecture in the obtained specimens. 

The variability of yield is currently mitigated by 
performing cytopathologic examination on site imme
diately after the collection of the specimen. Furthermore, 
onsite cytopathologic evaluation not only increases 
diagnostic yield, but does so more efficiently, permitting 
fewer needle passes and, presumably, decreasing the risk 
of complications[2,3]. Unfortunately, onsite cytopathologic 
evaluation is not widely available. Therefore, the ability 
to offer quality EUS-FNA is geographically restricted to 
those centers with cytopathology.

In addition, FNA is unable to adequately preserve 
tissue architecture for histopathologic analysis. This is 
particularly important in the evaluation of gastrointestinal 
stromal tumors and lymphomas[4,5]. Furthermore, FNA 
is unable to provide adequate tissue for further analysis 
with immunohistochemistry, phenotyping, or genetic 
analysis so as to allow for personalized treatment.
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Fortunately, a novel EUS-fine needle biopsy (FNB) 
has been developed, permitting the collection of core 
biopsies via an endoscopic approach. This technique has 
been examined in several studies and has been found 
to enable the acquisition of large amounts of tissue 
with conserved architecture sufficient for histologic 
analysis[6,7]. In recent years, several studies reported 
the diagnostic yield of EUS-FNA and EUS core needle 
biopsy for various gastrointestinal lesions. Thus, the aim 
of the present minireview is to compare the efficacy of 
EUS-FNA vs EUS-FNB of various gastrointestinal lesions.

EUS-GUIDED FNA AND FNB
Currently, two subsets of needles are available for 
tissue acquisition (FNA and FNB). In the beginning, 
only FNA needles were available and the size of the 
needle was either 19 or ranged from 22 to 25-gauge. 
Once FNB needles were developed, they initially utilized 
the Trucut biopsy needle (QuickCore® needle; Cook 
Medical Inc., Winston-Salem, NC, United States), but 
its production was stopped later due to its overloaded 
firing mechanism and adverse events. Since then, three 
different FNB needles have been produced, which are 
easier to use than FNA needles. Examples include the 
Procore® needle, which is characterized by a cutting 
bevel (reverse for 19, 22 and 25-gauge and 20-gauge 
antegrade beveled side slot) at the needle tip (Cook 
Medical Inc.), the Acquire™ end-cutting needle, which 
is characterized by a three-point needle tip (22 and 
25-gauge; Boston Scientific Corp., Marlborough, MA, 
United States), and the SharkCore™ needle, which is 
characterized by six distal cutting edges at the needle 
tip (19, 22 and 25-gauge; Medtronic, Minneapolis, 
MN, United States)[8]. Regarding needle sizes, several 
studies have examined the impact of needle sizes on 
diagnostic accuracy and yield. Generally, a larger needle 
size (19 gauge) will obtain more tissue for histological 
assessment than the smaller 22 and 25-gauge needles. 
However, the limiting factor in usage of 19-gauge 
needles is its higher rate of complication and technical 
failure. On the other hand, the smaller needle sizes 
(22 and 25-gauge) are more technically feasible[8]. 
Moreover, when cytology is supposed to be enough 
for making a diagnosis, such as the case in pancreatic 
lesions, previous meta-analysis demonstrated similar 
diagnostic yield of 22 and 25-gauge needles and non-
superiority of the larger 19-gauge needle in diagnostic 
yield[9]. On the other hand, when tissue histology and 
architecture are needed for better assessment, such as 
in the case of gastrointestinal stromal tumors (GIST), 
lymphoma and autoimmune pancreatitis, a larger 19- 
gauge needle is preferred. A retrospective study reported 
the diagnostic yield of the SharkCore™ needles with EUS-
FNA needles of solid upper gastrointestinal masses. 
More histological specimens were obtained with the 
SharkCore™ needles compared to EUS-FNA needles 
(59% vs 5%, P < 0.001)[10]. Furthermore, a recent 
study compared the SharkCore™ biopsy needle with 
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a standard EUS-FNA needle in cases of suspected 
gastrointestinal stromal tumors. Tissue adequacy was 
obtained in 100% in EUS-FNB as compared to 65% 
in the EUS-FNA groups (P = 0.006). A diagnosis was 
reached by immunohistochemical staining in 52.7% of 
cases compared to 87% in the EUS-FNA group (P = 
0.01)[11].

SAFETY PROFILE
EUS-FNA has been associated with a high safety 
profile with minor intra- and post-procedural adverse 
events[12]. Moreover, the ASGE standards of practice 
committee has reported EUS-FNA to be a procedure 
with a high safety profile[13]. A recent systemic review 
article of 51 studies with 10941 patients overall reported 
EUS-FNA-related morbidity and mortality of 0.98% and 
0.02%, respectively, with an acute pancreatitis rate of 
0.44% and post-procedure pain occurring in 0.34% 
of patients[14]. Another systemic review that focused 
on EUS-FNA of pancreatic cystic lesions (40 studies, 
5124 patients) reported overall morbidity of 2.66% and 
mortality of 0.19%[15]. 

EUS-guided core biopsy using the 19-gauge Trucut 
needle [notably, Trucut Biopsy needle (EUS guided) is 
no longer being used, as the company stopped making 
this needle] has also been reported to be safe, with 
an adverse events rate reaching up to 2%[16]. This is 
reflected throughout the literature by an accumulation 
of evidence on the safety of these procedures, indicating 
a relatively similar complication rate between them of 
1%-2%[17]. Moreover, another study has reported minor 
conservatively treated complications of low-grade fever 
and asymptomatic pneumoperitoneum in the immediate 
post-procedural time, with none of the patients ex
periencing major or life-threatening complications[18]. 
The newer above-mentioned FNB needles were shown 
to have a high safety profile without increased risk 
or procedure-related complications. Finally, several 
studies demonstrated that there was no difference in 
morbidity and mortality between EUS-FNA and FNB 
procedures[11,19,20]. 

EUS-FNA VS FNB IN PANCREATIC 

MASSES
Rapid and accurate diagnosis of pancreatic masses is 
very important given the poor prognosis associated with 
pancreatic cancer. EUS-FNA is the main initial diagnostic 
modality for tissue acquisition of pancreatic lesions[21,22]. 
Recently, the European society of gastrointestinal en
doscopy (ESGE) released recommendation for the 
diagnosis of pancreatic lesions. ESGE recommends 
EUS-guided sampling for pathological diagnosis as a 
first diagnostic test (Strong recommendation, mode
rate quality evidence). In the case of the presence 
of suspected pancreatic malignancy with negative or 
indeterminate diagnosis, ESGE recommends either 

performing revision on the initial pathology specimens 
obtained or to repeat EUS-guided tissue acquisition or 
surgery (Weak recommendation, low quality evidence). 
For pancreatic cystic lesions, ESGE recommends EUS-
guided tissue acquisition for biochemical and cytological 
evaluation, except for radiologically appearing benign 
cysts less than 1 cm in diameter (Strong recommen
dation, low quality evidence)[23].

The reported diagnostic accuracy of EUS-FNA for 
pancreatic mass lesions is variable and ranges from 78% 
to 95%[24], the sensitivity and specificity were reported 
to be 64% to 95% and 75% to 100%, respectively[24,25]. 
This value is declining for EUS-FNA in other organs such 
as mediastinal masses and gastrointestinal stromal 
tumors[26,27]. 

The diagnostic yield of EUS-FNA might be adversely 
affected in the absence of onsite cytopathologic 
assessment[28,29]. Furthermore, in the setting of chronic 
pancreatitis, the accuracy is declining[30]. A previous study 
by Gleeson et al[31] reported a 5%-7% false positive 
rate when obtaining tissue for cytological examination 
by EUS-FNA. To overcome this disadvantage, a new 
fine needle biopsy was used in pancreatic lesions, and 
subsequently there was an increased trend for the 
application of an FNB device designed to have a reverse 
bevel at the tip to obtain a core sample. It contains the 
characteristics of both FNA and a core biopsy needle[32]. 
This needle features greater flexibility for improved core 
tissue collection. In comparing the efficacy between 
FNA and FNB, a previous study demonstrated similarity 
in the diagnostic yields of EUS-FNB and EUS-FNA[33]. In 
these studies, both needles were similar in diagnostic 
accuracy for malignant lesions, however the number of 
needle passes to obtain adequate tissue was significantly 
lower in the FNB group. Another study by Atalawi et al[34] 
demonstrated that the sensitivity for pancreatic cancer 
diagnosis was 98%, while the specificity reached 100%. 
Moreover, another study showed that FNB was associated 
with significantly higher diagnostic yield compared to 
FNA (93.8% vs 28.1%, P < 0.01)[35]. Several other 
studies have shown superiority of EUS-FNB over the 
FNA method in obtaining adequate histopathological 
samples and higher diagnostic yields[32,32-38]. Additionally, 
Aadam et al[36] reported a significant rescue effect of FNA 
crossover to FNB. A recently released ESGE guideline 
recommended the use of 25 or 22-gauge needles for 
sampling pancreatic solid masses with no difference 
between FNA of FNB needles[39]. However, in the case 
of requirement for complete tissue architecture, such as 
lymphoma and GIST, the ESGE guideline recommends 
the use of a large bore FNB needle (19 or 22-gauge)[39]. 

EUS-FNA VS FNB FOR UPPER 
GASTROINTESTINAL SUBMUCOSAL 
TUMORS
Submucosal tumors of the gastrointestinal system 
are most frequently located in the stomach and the 
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proximal small intestine[40]. Nevertheless, they may 
present in any part of the gastrointestinal tract. The 
most common subepithelial tumors are GISTs[41-44]. 
In the past, the most widely accepted approach was 
surgical extraction of these gastrointestinal masses. 
However, there is increasing evidence supporting the 
need for precise histological diagnosis that could alter the 
patient’s management and prevent unnecessary surgeries 
for asymptomatic and benign lesions[45-49]. The use of 
cytological examination has been questioned by several 
previous reports. For example, FNA of gastrointestinal 
submucosal tumors was associated with only 61% 
diagnostic accuracy[50]. Wittmann et al[51] reported no 
difference between FNA and the Procore needle. Bang 
et al[52] found a similar diagnostic accuracy and number 
of needle passes needed for pathological diagnosis by 
using 22-gauge FNA and FNB techniques. However, this 
study was limited by a very small number of participants. 
During the last several years, different needles were 
implemented into clinical practice to improve the diag
nostic yield of gastrointestinal submucosal lesions. A 
previous study reported the pooled analysis of EUS-
FNB for malignancy. The diagnostic accuracy, sensitivity, 
specificity, positive predictive value and negative 
predictive value reached 85.96%, 90.2%, 99%, 100% 
and 78.9%, respectively[53]. Another study showed that 
FNB was superior in extra-intestinal lesions[54].

Jeong et al[45] reported that the use of Trucut biopsy 
of submucosal tumors changed patient management 
in 30% of cases. Moreover, there is growing evidence 
supporting the use of EUS-FNB over FNA techniques[55] 
given its higher diagnostic yield. A recent randomized 
multicenter clinical trial using EUS-FNB showed feasible 
histopathological diagnosis of intestinal lesions with 
diagnostic accuracy of approximately 93% compared 
to EUS-FNA[53]. Another randomized controlled study 
reported a statistically significant better diagnostic 
yield of EUS-FNB compared to EUS-FNA in various 
gastrointestinal lesions[36] and, very recently, the 
use of FNB compared to FNA in gastric sub-epithelial 
tumors was associated with statistically significant 
higher diagnostic yield, higher proportion of adequate 
cellularity and reduced number of needle passes[56]. 

Although the literature is still lacking and only a few 
studies have been conducted, the present evidence 
might be sufficient to favor the use of FNB needles in 
gastrointestinal submucosal lesions until the estab
lishment of guideline consensus in the field.

EUS-FNA VS FNB FOR RECTAL AND 

PERI-RECTAL TUMORS
Although EUS-guided procedures have been most 
studied for pancreatic and upper gastrointestinal lesions, 
they have also been used in the lower gastrointestinal 
tract. In this context, they are primarily useful for 
evaluation of rectal or perirectal lesions because of the 
difficult scope access beyond the rectum. Throughout 

the literature, there are only a few reports on FNA/
FNB guided biopsy for lesions of the lower digestive 
tract[57-59]. Previous studies have reported equal efficacy 
of FNA and FNB and similar diagnostic accuracy in 10 
of 11 patients[59]. Similarly, the diagnostic yield of EUS-
FNA in rectal and sigmoid lesions (cancer and GIST) 
reached 90% in ten patients[57]. This diagnostic yield of 
EUS-FNA was consistent among other studies. Sasaki et 
al[58] reported a EUS-FNA diagnostic yield of 95.5% (21 
of 22) in colorectal submucosal and extrinsic lesions. 
Prior studies have reported approximately 80%-90% 
diagnostic accuracy of EUS-FNA in diagnosing sub-
epithelial tumors of the gastrointestinal tract[60,61]. On the 
other hand, a recent study has reported a decreased 
diagnostic accuracy of FNA/FNB in lower gastrointes
tinal lesions of approximately 50%[18]. Notably, this low 
accuracy was associated with small lesions less than 
20 mm in size, suggesting that EUS-FNA/FNB may 
require further improvement for optimal diagnostic 
utility in the detection of smaller lesions. Furthermore, 
in this study, the use of FNB was effective as it was 
sufficient for tissue acquisition to make a diagnosis of 
recurrent lymphoma after failure of EUS-FNA to obtain 
sufficient material for histopathological examination. 
In seven patients, the specimen obtained by EUS-FNB 
led to changes in the presumptive diagnosis - two of 
them were later diagnosed with malignancy via FNB 
after having received a diagnosis of benign mass by 
FNA, while the remaining five patients were diagnosed 
as having malignancy according to FNA that later were 
ruled out via FNB[18]. Thus, EUS-FNB can be considered 
a complementary procedure to overcome the limitations 
of EUS-FNA to enhance histopathological diagnoses. 
Notably, some exaggerated interventions for benign 
lesions can be obviated given the higher diagnostic yield 
of EUS-FNB. Thus, although the reported literature is 
insufficient, there may be an argument for considering 
EUS-FNB as an initial diagnostic vs using it concurrently 
with FNA. Further studies are needed to establish the 
clinical applications and diagnostic accuracy of EUS-
FNB needles in lower gastrointestinal tumors.

CONCLUSION
FNA and FNB are both accepted as safe procedures with 
a low complication rate of approximately 1%-2%. At 
present, FNA is best performed with immediate onsite 
cytopathologic review, which is not broadly available. 
FNB is not limited in this regard, and it further provides 
information on a tissue’s architecture and provides a 
greater sample yield allowing for further analyses, such 
as genetic sequencing and phenotyping to be performed, 
thereby allowing for provision of a more personalized 
treatment plan. Recently, several guidelines have been 
published. Ang et al[8] addressed the enhanced diagnostic 
importance in tissue acquisition and improved diagnostic 
accuracy when using FNB needles. Moreover, recent 
ESGE released guidelines recommended the use of 
either FNA or FNB needles (22 or 25-gauge) for routine 
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Table 1  Summary of efficacy and safety of endoscopic ultrasound-guided fine needle aspiration with or without biopsy procedures

EUS-guided sampling of solid masses and lymph nodes. 
However, when the aim of the sampling is to obtain 
core tissue with more preserved architecture, the ESGE 
recommended the use of smaller 19 or 22-gauge FNB 
needles (low quality evidence, weak recommendation)[39]. 
Thus, in light of current evidence, we recommend con
sidering application of those recommendations, as it 
appears that a strong argument can be made for FNB 
given that it provides a greater amount of information 
with fewer needle passes and fewer resources without 
appreciably increasing the risk of complication to the 
patient (Table 1). Finally, the decision of the type and 
needle size should be individualized according to the 
suspected lesion to be sampled.
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the caustic agents and motives are different among 
countries and age groups, endoscopy still plays an 
invaluable role in diagnosis and treatment. Endoscopy 
can determine the severity of caustic ingestion which is 
of great importance in choosing appropriate treatment. 
However, some aspects of endoscopy in diagnosis of 
caustic injury remain controversial. Whether or not all 
patients need endoscopy, when to perform endoscopy 
and how to assess the severity are just some examples 
of these controversies. Due to lack of randomized 
controlled trials, many findings and suggestions are 
inconclusive. Computerized tomography scan of the 
chest and abdomen gains popularity in assessing the 
severity of caustic injury and avoiding unnecessary 
surgery. If esophageal stricture eventually develops, 
endoscopic dilatation is a mainstay. Maneuvers such as 
steroid injection and esophageal stent may be used in 
a refractory stricture. Nevertheless, some patients have 
to undergo surgery in spite of vigorous attempts with 
esophageal dilatation. To date, caustic injury remains 
a difficult situation. This article reviews all aspects of 
caustic injury of the esophagus focusing on endoscopic 
role. Pre-endoscopic management, endoscopy and 
its technique in acute and late phase of caustic injury 
including the endoscopic management of refractory 
stricture, and the treatment outcomes following each 
endoscopic intervention are thoroughly discussed. 
Finally, the role of endoscopy in the long term follow-up 
of patients with esophageal caustic injury is addressed.

Key words: Endoscopy; Diagnosis; Corrosive ingestion; 
Caustic injury; Esophagus; Stricture 
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Core tip: This mini-review comprehensively covered 
evidence-based endoscopy for caustic injury of the 
esophagus including pre-endoscopic management, 
endoscopic role in the acute and late phase of caustic 
injury, endoscopic management of refractory stricture 
and its outcomes. Tips and tricks to perform diagnostic 
and therapeutic endoscopy in these patients are also 
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Abstract
Caustic injury of the esophagus is a problematic con
dition challenging endoscopists worldwide. Although 
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discussed. 
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INTRODUCTION
Caustic injury of the upper gastrointestinal tract remains 
one of the most challenging conditions presented to both 
gastroenterologists and surgical endoscopists. Endoscopy 
plays a major role in diagnosing and assessing the 
severity of caustic injury as well as guiding an appropriate 
treatment. Recently, computerized tomography (CT) 
scan of the chest and abdomen is increasingly used 
as complementary tool in the evaluation of caustic in­
jury. Despite of advances in emerging technologies and 
treatments, severe morbidities and even death following 
the ingestion of caustic agents are evident in clinical 
practices thus suggesting the complexity of this condition.

Esophageal necrosis with subsequent perforation 
requiring emergency surgery may develop in the acute 
phase of caustic injury. Meanwhile, esophageal stricture 
(often being a complex stricture) is a late sequela of 
caustic injury which can be difficult to treat. Understanding 
fundamental knowledge of this condition will ensure the 
endoscopist to pursue the best course for the patient.

Although optimal management in the caustic injury 
of the esophagus remains rather inconclusive due to 
the lack of large epidemiologic studies and randomized 
clinical trials in the field, this narrative review sum­
marizes current evidence on the role of endoscopy in 
the diagnosis and treatment of caustic injury of the 
esophagus. For the literature review, we used standard 
search strategies involving two online databases (PubMed 
and Scopus) using key words of caustic injury, corrosive 
ingestion, esophagus, endoscopy, diagnosis, treatment, 
dilatation, and surgery. 

IMPACT OF CAUSTIC INJURY ON THE 
ESOPHAGUS
Caustic injury of the esophagus is a world-wide 
phenomenon. It was reported that in 2016 there were 
176828 cases of caustic injury in the Unites States-
accounting for 9.28% of all poisoning cases. The 
majority occurred in children with accidental ingestion[1]. 
Alkali ingestion is often seen in western countries, while 
acid ingestion is more common in Asian countries[2]. In 
Thailand, caustic ingestion involved 19.5% of poisoning 
cases and its incidence has been increasing[3]. Morbidity 
following caustic ingestion was high with a mortality 
rate of 8%. About one-third of patients with caustic 
ingestion eventually required surgery[4].
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PATHOPHYSIOLOGY
Caustic injury occurs when substance with pH < 2 or 
pH > 12 is ingested. Due to the “liquefactive necrosis” 
of alkali substance, caustic injury from alkali can 
cause more damage to gastrointestinal tract than the  
“coagulative necrosis” of acid ingestion. Earlier report 
suggested that alkali usually destroyed the esophagus 
and acid mainly damaged the stomach[5]. However, later 
endoscopic study contradicted this notion by showing 
that among acid ingestion patients, esophageal injury 
was seen in 87.8% and gastric injury in 85.4% of the 
patients[6]. Recent evidence indicated that acid ingestion 
caused more injury to the stomach (31% vs 13%) while 
the incidence of esophageal injury was similar between 
acid and alkali ingestion[7]. Gastroesophageal reflux 
from impaired lower esophageal sphincter function[8] 
and loss of esophageal motility[9] are also results of a 
caustic damage to the esophagus. Meanwhile, caustic 
injury to the duodenum appeared to be infrequent and 
less severe owing to pyloric spasm. 

Since a caustic injury to the esophagus usually starts 
within a few minutes after ingestion, any attempt to 
lavage or induce vomiting will cause the agent to reflux 
into the esophagus thus resulting in a further damage. 
A caustic injury to the esophagus can be divided into 
in 3 phases as following[10]: (1) Phase of acute necrosis 
and thrombosis occurs in 1-4 d after caustic ingestion; 
(2) phase of ulceration and granulation occurs in 3-12 
d after caustic ingestion. During this period, mucosal 
sloughing, bacterial invasion and granulation formation 
are evident. The esophagus is in the most friable phase. 
Any manipulation such as endoscopic examination 
or dilatation should be done with great care; and (3) 
healing phase begins from 3 wk after injury. It usually 
takes 1-6 mo to complete wound healing. Attempt 
to perform surgery for stricture cases unamenable to 
dilatation should wait beyond this period.

PRE-ENDOSCOPIC TREATMENT
Stabilization of the patient is an ultimate goal during 
acute injury. Signs for airway injury e.g., hoarseness, 
stridor and poor ventilation are diligently sought for and 
immediately treated (if any). An evaluation for laryngeal 
edema should be pursued by direct laryngoscopy. A 
careful history taking includes the substance ingested, the 
amount and time of ingestion, pre-hospital treatment and 
the cause of ingestion. In addition to airway management, 
other pre-endoscopic management includes volume 
resuscitation, nil per os (NPO), avoidance of emetics and 
neutralizing agents, no insertion of nasogastric tube, 
and administration of broad-spectrum intravenous 
antibiotics[11]. Chest and abdominal X-ray is often an 
initial investigation for evaluating an extension of injury. 
Psychiatry consultation should be done in case of suici­
dal attempt.
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ENDOSCOPY IN THE ACUTE PHASE OF 

CAUSTIC INJURY
Since clinical signs such as drooling and oral burn 
are not accurate predictors for caustic injury to the 
esophagus[12,13], endoscopy is therefore considered as the 
most important investigation to diagnose of this injury. 
Early endoscopy is recommended because about 30% of 
patients with caustic ingestion will have no injury to the 
esophagus and can be discharged promptly. Endoscopy 
is usually done within 24-48 h after ingestion. However, 
many experts have recommended endoscopy as soon as 
possible[14,15] because delayed endoscopy was associated 
with prolonged hospital stay and increased hospital 
expense[16]. Although some reports confirm the safety of 
endoscopy performed up to 96 h after ingestion[17], initial 
endoscopy after 48 h of ingestion is not advised because 
the injured esophagus may enter the phase of ulceration 
and granulation - in which the esophagus becomes 
fragile and easily perforated[18]. Nevertheless, as long as 
the principles of gentle handling of the endoscopy are 
maintained, endoscopy after 48 h in selected cases might 
be possible. 

In the past, endoscopists were not encouraged to pass 
the scope beyond circumferential burn due to the fear 
of esophageal perforation[19]. However, with advances in 
endoscopic examination and more skills in endoscopy, 
complete endoscopic evaluation beyond this point is 
possible with no complication[20]. Endoscopy is beneficial 
to confirm the followings: existence of injury, degree of 
injury, and area of injury - which could guide a treatment 
and predict a prognosis. 

All adult patients (in which suicide attempt was the 
most common cause) should undergo endoscopy, but 
there is controversy regarding endoscopy in children 
(in which accidental ingestion was the most common 
cause)[21]. Most authors agreed that endoscopy should 
be done in children with signs of drooling, dysphagia, oral 
lesions, respiratory distress and intentional ingestion[22,23]. 
Beyond these scenarios, clinical observation may be 
appropriate.

Endoscopy is contraindicated in patients with a 
suspicion of gastrointestinal perforation, necrosis of 
oral cavity and compromised airway. Gentle handling 
and avoidance of air over-insufflation is always recom

mended. The comparison of modified endoscopic 
findings classified by Zargar et al[17] (Figure 1) and CT 
grading by Ryu et al[24] are shown in Table 1. 

HOW DOES THE ENDOSCOPIC FINDINGS 

RELATE TO PROGNOSIS?
Classification and severity of caustic injury help predicting 
outcomes. Intentional ingestion, acid ingestion and high 
volume of ingestion were associated with a high grade 
of mucosal injury[4]. The patients with grade Ⅲb had 
longer hospital stay and higher rates of complication 
compared than those with grade Ⅲa[21]. However, a great 
variety of incidences in the degree of injury has been 
evident[4,7,11,12,18,21,25-28](Table 2). Discrepancy between 
inter-observers might reflect the difficulty to interpret 
the endoscopic findings especially when there was time 
lapsed before endoscopy. Treatment could be different 
according to the grading of severity as followings[11].

Grade Ⅰ  (edema and erythema) or grade IIa (erosions 
and ulcers)
Since esophageal stricture will not occur in mild degree 
of injury, oral feeding can be resumed immediately 
and the patient can be discharged.

Grade Ⅱ b (circumferential ulceration)
Oral feeding can start once the patient can swallow 
saliva - often after 24-48 h after ingestion. Stricture 
will ensue in 30%-70% of these patients[29]. Therefore, 
barium swallowing is recommended at 3 wk after 
ingestion to detect the stricture and early dilatation will 
be performed accordingly.

Grade Ⅲ a (scattered areas of necrosis)
Risk of perforation cannot be neglected in these patients 
and esophageal stricture may occur more than 90%.

Grade Ⅲ b (extensive necrosis)
Emergency surgery is recommended. However, some 
physicians might use CT scan to confirm true necrosis of 
the esophagus because endoscopists may be unable to 
distinguish between superficial necrosis and transmural 
necrosis.

Table 1  Assessment of severity: endoscopic score and computerized tomography score

Grade Endoscopic score[16] score[21] 

Ⅰ Edema and hyperemia of the mucosa No definite swelling of esophagus wall (< 3 mm, within normal limit)
Ⅱ Ⅱa: Friability, hemorrhages, erosion, blisters, whitish membranes, 

exudates and superficial ulcerations
Ⅱb: IIa with deep or circumferential ulceration

Edematous wall thickening (> 3 mm) without periesophageal soft 
tissue infiltration

Ⅲ Ⅲa: Small scattered areas of necrosis
Ⅲb: Extensive necrosis

Edematous wall thickening with periesophageal soft tissue infiltration 
plus well-demarcated tissue interface

Ⅳ Perforation Edematous wall thickening with periesophageal soft tissue infiltration 
plus blurring of tissue interface or localized fluid collection around the 

esophagus or the descending aorta
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CT SCAN AND EUS IN THE EVALUATION 
OF CAUSTIC INJURY
It is evident that endoscopy is not always accurate in 
determining the extent of caustic injury (Figure 2). 
Depending on the endoscopic findings alone, grade 
Ⅲ injury would be over-estimated and unnecessary 
surgery was done in 15% of these patients[30]. Some 
authors showed that the accuracy in the diagnosis of grade 
Ⅱ and Ⅲ injury was 48% and 87%, respectively[31]. 
Recently, CT grading scores was developed in 2010 
(Table 1) and shown to have a higher sensitivity and 
specificity than endoscopic score[24]. CT findings of 
transmural necrosis include esophageal wall blurring, 

peri-esophageal fat stranding and no enhancement 
of esophageal wall after intravenous contrast admi­
nistrated. Recent studies showed that CT could prevent 
unnecessary esophagectomy in some patients with 
grade Ⅲb endoscopic score[32]. Although CT scan might 
underestimate the severity of caustic injury compared 
to endoscopy, it could provide further information about 
the involvement of adjacent organs e.g., lung and 
pleural cavity[33]. Nevertheless, CT scan cannot replace 
endoscopy in the evaluation of caustic injury especial 
in those with mucosal damage[34]. The combination 
of endoscopy and CT scan has been utilized in clinical 
setting - in which surgery could only be performed 
in case with grade Ⅲb endoscopy and CT score[35]. 
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Figure 1  Modified Zargar's endoscopic classification of mucosal injury caused by ingestion of caustic substances. A: Edema and erythema; B: Erosions and 
ulcers; C: Circumferential ulceration; D: Scattered areas of esophageal necrosis; E: Extensive esophageal necrosis.

Author Year Patients Grade Ⅰ Grade Ⅱ Grade Ⅲ

Alipour Faz et al[4] 2017 313 42.5% 16.9% 20.1%
Ducoudray et al[7] 2016 n/a n/a n/a 39.7%
Cabral et al[11] 2012 315 12.7% 22.9% 29.2%
Chang et al[25] 2011 389 14.7% 39.3% 42.4%
Cheng et al[21] 2008 273 n/a n/a 30%
Tohda et al[26] 2008 95 49.4% 26.3% 13.7%
Havanond et al[12] 2007 148 17% 41%   1%
Satar et al[27] 2004   37 67.5% n/a   0%
Poley et al[18] 2004 179 40% 30% 30%
Rigo et al[28] 2002 210 32% 13%   6%

n/a: Not available.
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At present, combined use of endoscopy and CT scan, 
especially in case with grade Ⅲb endoscopic score, should 
help in the decision whether or not to operate.

Endoscopic ultrasonography (EUS) has some ad
vantages over endoscopy and CT scan because it can 
delineate the layers of esophageal wall. If caustic injury is 
confined to submucosa in the EUS, the injured esophagus 
required a fewer sessions of esophageal dilatation than 
those with muscularis propria involvement[36]. Miniprobe 
EUS has been shown to predict stricture formation 
following caustic injury by visualizing the structure of 
esophageal wall[37]. However, the routine of EUS in 
clinical practice needs to be determined.

ENDOSCOPY IN THE LATE PHASE OF 
CAUSTIC INJURY
Endoscopy plays an important role in the treatment of 
caustic-related esophageal stricture. Caustic stricture is 
often complex and difficult to dilate[38]. Patients at risks 
for stricture were those with high endoscopic grade, 
ingestion of strong acid or alkali, leukocytosis and low 
thrombin ratio[39]. As acute inflammatory response 
to caustic agents lasts about 2 wk, early esophageal 
dilatation is usually done at 3 wk after caustic ingestion. 
After 8 wk, scar tissue is completely formed and the 
result of endoscopic dilatation is poor. Since good nut­
ritional status is strongly related to a successful dilatation 
of esophageal stricture[40], early feeding via jejunostomy 
should start as soon as patients are clinically stable 
- especially in those with a significant damage in the 
esophagus and the stomach.

Practically, barium swallowing is done at 2-3 wk 
after caustic ingestion. Barium swallowing will provide 
crucial and relevant information on the stricture - which 
could determine the safety and success of endoscopic 
dilatation. This information includes: 

(1) location and length of the stricture; (2) morpho­
logy of the stricture: tortuosity, angulation; (3) nature 
of the stricture: simple or complex; (4) complications of 

the stricture: concealed perforation, diverticulum; and 
(5) configuration of the stomach: any accompanying 
gastric stricture.

Esophageal dilatation can be done using various types 
of dilators. It can be performed under the combination 
endoscopy and fluoroscopy or endoscopy alone[41]. Com­
monly used esophageal dilatators are followings(Figure 
3).

Bougie dilator (Maloney-Hurst dilator)
This dilator is easy to use but has no channel to insert 
guide-wire. It is suitable for short and straight stricture.

Wire-guided Polyvinyl dilator (Savary-Gilliard dilator)
This dilator passes through the stricture via guide-wire 
under fluoroscopy. It is appropriate for tortuous, angulated 
and long stricture. Sensation of resistance during dilatation 
can be noted on this dilator thus resulting in protecting 
against over-dilatation. 

Through-the-scope balloon dilator (CRE balloon dilator)
This instrument can be used through-the-scope. It can 
reach area where Savary dilator cannot access. However, 
there is no sensation of resistance if over-dilatation 
occurs. 

CRE balloon dilators achieve its dilatation effect by 
radial force while Savary and Maloney dilators exert its 
action via both radial and longitudinal forces. Although 
the mechanisms are different, all dilators seem to have 
comparable success rate and rate of perforation of 
0.1%-0.4%[42]. Concerning the safety of an instrument, 
balloon dilator is preferred over Bougie dilator in 
children[43]. Techniques of esophageal dilatation are noted 
in Table 3.

In order to prevent the over-dilatation of esophageal 
stricture, the rule of 3 is recommended as “never dilate 
more than 3 dilators of progressively increasing diameter 
after considerable resistance is encountered”[44]. Although 
some retrospective study showed that non-adherence 
to this rule did not increase the risk of esophageal 
perforation[45], we believe that the rule remains useful as 
a landmark during dilatation and a preventive measure 
of over-dilatation. Success rate of esophageal dilatation 
varied from 25% to 95% depending on the severity of 
caustic stricture[46-48]. 

ENDOSCOPY IN REFRACTORY CAUSTIC 
STRICTURE OF THE ESOPHAGUS
Caustic stricture that could not be dilated to 14 mm 
over 5 sessions done with bi-week interval is defined as 
refractory stricture[49]. For refractory stricture, various 
modalities are advocated including electrocision, 
intralesional steroid injection, mitomycin-C injection, 
and esophageal stent. 

Electrocision
Electrocautery could be applied to caustic stricture as 
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Figure 2  Endoscopic view suggested extensive mucosal necrosis of the 
esophagus -Grade Ⅲb modified Zargar's endoscopic classification, but CT 
scan revealed mucosal enhancement of the esophagus indicating tissue 
viability. A: Endoscopic view; B: Computerized tomography scan. Notably, 
esophageal lumen is marked with asterisk.
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Table 3  Techniques of esophageal dilatation

it has been used in the treatment of Schatzki’s ring 
and anastomotic stricture with good results[50]. Multiple 
longitudinal incisions are made with needle knife 
through working channel of the endoscopy until the rim 
of the stenosis disappears. This maneuver proves to be 
a useful adjunct in esophageal dilatation.

Intralesional steroid injection
In this method, prior to bougie dilatation, triamcinolone 
acetonide (40 mg/mL) 1 mL is diluted to 2 mL and 
injected at the stricture site in 4 quadrants. Combination 
of steroid injection and bougie dilatation could achieve 
more dilatation, improve dysphagia and reduce dila­
tation sessions[51]. 

Mitomycin-C injection
Injection of mitomycin-C into the stricture site was 
shown to improve dysphagia score and easy passage 
of dilators[52-54] because mitomycin-C inhibited fibroblast 
proliferation and scar formation without interfering 
wound healing[55]. A randomized controlled trial showed 

a reduction in dilatation sessions if applying mitomycin-C 
during dilatation[56]. Mitomycin-C is beneficial in difficult 
or complex caustic stricture and can be combined with 
other modalities such as electrocision and esophageal 
stent[57].

Esophageal stent
Caustic stricture resistant to dilatation can be treated 
with esophageal stent insertion. Self-expandable 
plastic stent (SEPS) or fully-covered self-expandable 
metallic stent (FCSEMS) and recently, biodegradable 
stent are available. Practically, SEPS and FCSEMS are 
kept in place for 6 wk and should be removed before 
12 wk. All types of esophageal stent have comparable 
efficacy but biodegradable stent has an advantage in 
non-requirement of stent removal. The clinical success 
of stent application in caustic stricture (i.e., free of 
dysphagia) was 33% with a migration rate of 40%[58,59]. 
Since its clinical success is about one-third and not last-
longing, esophageal stent is considered as a last resource 
in the treatment of caustic injury.
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Early dilate (usually starting from 3 wk after caustic ingestion)
Use appropriate type and size of dilator
Maintain a dilator in lumen of the esophagus while dilating
Concern the rule of 3: Never dilate more than 3 dilators of progressively increasing diameter after considerable resistance is encountered
Weekly or bi-weekly dilate to obtain luminal competency at 40 Fr
Dilate per scheduled, not on demand
If chest pain occurs after dilatation, esophageal perforation must be rule out using contrast esophagography

A B

C D

Figure 3  Various types of dilator. A: Maloney-Hurst dilator; B: Savary-Gilliard dilator; C: Balloon dilator; D: Balloon dilator during dilatation seen with fluoroscopy.
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INDICATIONS FOR SURGERY IN 
CAUSTIC-INDUCED ESOPHAGEAL 
STRICUTRE 
Esophageal dilatation for caustic-induced stricture 
injury has lower success rate than esophageal stricture 
related to other etiologies[60]. Esophageal replacement is 
considered in patients who fail endoscopic therapy. Up 
to 50%-70% of patients with caustic stricture required 
surgery[46,61]. Stomach is used as a conduit if possible 
because it has less morbidity and mortality than colonic 
interposition[62]. If colonic interposition is required, 
transverso-splenic to ileocolic segment with blood 
supply via left colic artery provided excellent function 
in 75% of the patients[63]. In general, surgery should 
wait 6 mo after caustic ingestion for stabilizing patient, 
improving nutritional status, and allowing enough time 
to full attempt of endoscopic therapy.

THE ROLE OF ENDOSCOPY IN THE LONG 
TERM FOLLOW-UP OF ESOPHAGEAL 
CAUSTIC INJURY
Since caustic injury of the esophagus has been 
associated with 1000-fold increased risk of esophageal 
carcinoma[61], patients with high-graded caustic injury 
(especially that with esophageal stricture) should 
undergo endoscopic surveillance. The incidence of 
caustic-associated esophageal cancer ranges from 
0%-30% and bypass surgery seems to have no 
influence on cancer development[64]. The time interval 
between caustic injury and malignant transformation of 
the esophagus was reported to be several decades[65]. 
As a result, endoscopic surveillance of the injured 
esophagus should start at about 15-20 years after an 
injury and it should be done every 2 or 3 years[66].

CONCLUSION
Endoscopy plays a crucial role in the diagnosis, ass­
essment of severity, treatment and surveillance in 
patients with caustic injury of the esophagus. Meanwhile, 
CT scan of chest and abdomen has been increasingly 
used to improve accuracy in the diagnosis and severity 
assessment in difficult cases of esophageal caustic injury. 
Choice of endoscopic management and surveillance 
are considered mainly based on the grading of mucosal 
severity. Patients with high-graded mucosal injury 
are associated with increased risk of caustic-induced 
esophageal stricture which could be difficult to dilate 
due to its complex anatomy and extensive fibrosis. 
Better techniques or instruments for endoscopic dilation 
need to be developed to overcome this problem. Since 
caustic injury significantly increased risk of esophageal 
carcinoma, scheduled endoscopic surveillance every 
2 or 3 years should perform at 15-20 years after 
an injury-especially in individuals with high-graded 

mucosal injury or those with esophageal stricture. Due 
to the complex nature of disease, caustic injury of the 
esophagus remains one of the most challenging clinical 
conditions presented to endoscopists.
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Abstract
Liver resection surgery can be associated with signi
ficant perioperative mortality and morbidity. Extensive 
knowledge of the vascular anatomy is essential for 
successful, uncomplicated liver surgeries. Various 
imaging techniques like multidetector computed 
tomographic and magnetic resonance angiography are 
used to provide information about hepatic vasculature. 
Linear endoscopic ultrasound (EUS) can offer a detailed 
evaluation of hepatic veins, help in assessment of 
liver segments and can offer a possible route for EUS 
guided vascular endotherapy involving hepatic veins. A 
standard technique for visualization of hepatic veins by 
linear EUS has not been described. This review paper 
describes the normal EUS anatomy of hepatic veins 
and a standard technique for visualization of hepatic 
veins from four stations. With practice an imaging of 
all the hepatic veins is possible from four stations. The 
imaging from fundus of stomach is the easiest and 
most convenient method of imaging of hepatic veins. 
EUS of hepatic vein and the tributaries is an operator 
dependent technique and in expert hands may give a 
mapping comparable to computed tomographic and 
magnetic resonance imaging. EUS of hepatic veins can 
help in identification of individual sectors and segments 
of liver. EUS guided interventions involving hepatic 
veins may require approach from different stations. 

Key words: Endoscopic ultrasound; Hepatic vein; Portal 
vein; Liver segments; Caudate lobe; Inferior vena cava; 
Liver; Cantlie line; Falciform ligament; Gall bladder
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Core tip: A standard technique for hepatic veins imaging 
by linear endoscopic ultrasound (EUS) has not been 
described. EUS of hepatic veins can help in identification 
of individual sectors and segments of liver. This review 
paper describes the normal EUS anatomy of hepatic 
veins and a standard technique for visualization of 
hepatic veins from four stations. 
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INTRODUCTION
Liver resection surgery is associated with significant 
perioperative mortality and morbidity[1]. Despite 
refinements in hepatic surgical techniques, vascular 
complications still occur. A detailed knowledge of the 
vascular anatomy and pre-surgical planning of vascular 
anastomosis on a vessel-to-vessel basis is essential 
for successful, uncomplicated liver surgeries[2-5]. A 
wide variety of imaging strategies are used to provide 
comprehensive preprocedural information about 
hepatic angioarchitecture[6]. Currently multidetector 
computed tomographic (CT) and magnetic resonance 
angiography are complementary modalities of hepatic 
angioarchitecture evaluation[7]. Ultrasound offers the 
advantage of Doppler assessment[8,9]. Despite compre
hensive evaluation many smaller vessels may not be 
picked up, however from a surgical point of view these 
smaller vessels are insignificant and are tied up during 
surgery. The identification of these smaller vessels 
and specifically accessory veins of liver is sometimes 
important as they may drain a complete segment of liver. 
Separate segmental venous anastomosis is required for 
such cases to maintain sufficient hepatic venous drainage 
and to prevent postoperative complications resulting from 
the venous obstruction. An adequate maintenance of 
segmental hepatic venous drainage is also important as 
there is no adequate venovenous shunt between hepatic 
venous systems[10,11]. Linear endoscopic ultrasound (EUS) 
can offer a detailed evaluation of hepatic veins, help in 
assessment of liver segments and can offer a possible 
route for EUS guided vascular endotherapy involving 
hepatic veins. A standard technique for visualization of 
hepatic veins by linear EUS has not been described. This 
article describes the normal EUS anatomy of hepatic 
veins. 

APPLIED ANATOMY: LIVER LOBES, 

SECTORS AND HEPATIC VEINS 
The anatomical classification of the liver, which divides 
the right and left lobe by the attachment of the falciform 
ligament is no longer accepted in routine terminology. 
The true physiological classification divides right and left 
hemi-liver by an imaginary line of Cantlie. Typically, the 
Cantlie’s line is 1 cm to the right of the middle hepatic 
vein (MHV), and corresponds to an important surgical 
plane in the sagittal axis that extends craniocaudally 
from the medial aspect of the gallbladder fossa to the 
left margin of inferior vena cava (IVC) (Figure 1a). 
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Posteroinferiorly this line passes from gallbladder fossa 
to the main bifurcation of hepatic pedicle (portal triad) 
and then to retrohepatic IVC.

The hepatic veins are thin-walled anechoic vessels 
which do not have any valves, originate from the core 
(central) vein of the liver lobule and drain blood toward 
the IVC. The hepatic veins can be segregated into three 
major veins (right, middle and left) and many accessory 
veins or short hepatic veins. The three major hepatic 
veins are 6 to 15 mm in diameter, have no course outside 
liver and open directly into the supra hepatic part of 
IVC in the bare area of the liver (Figure 1b). The major 
veins are intersegmental in their course and divide the 
liver into four sectors; right anterior, right posterior, 
left medial and left lateral. The divisions separating 
the sectors are called portal fissures, which do not 
correspond to any superficially visible clefts but within 
each of which runs a hepatic vein. The right hepatic vein 
lies in the right portal fissure and separates the right 
hemi liver into anterior and posterior sectors. The right 
hepatic vein is the longest vein, passes through the 
segment I and lies parallel to the gallbladder fossa. The 
left hepatic vein (LHV) lies in the left portal fissure which 
is very close to the course of ligamentum venosum 
and separates the left hemi liver into medial and lateral 
sectors. The MHV lies in the middle portal fissure and 
separates the anterior division of right liver from medial 
division of left liver (Figure 1a). The accessory veins 
join the retro or intrahepatic part of IVC and are usually 
smaller in diameter (Figure 1b). The basic organisation 
of the segments and sectors of liver in relationship with 
hepatic vein tributaries is shown in figure 2.

TECHNIQUES OF EVALUATION
The images given in this pictorial essay are taken by 
Pentax UTK 3870 UT from cases undergoing EUS exa
mination. The imaging of hepatic veins is usually aided 
by proper identification of the IVC and the gallbladder 
both of which are discussed as important home bases for 
imaging of hepatic veins. 

Imaging of IVC 
IVC can be visualized from different positions during 
EUS. The appearance of IVC may vary from rounded to 
an elongated axis depending on the axis of imaging and 
the angulation of the probe in these positions (Figures 
3-7). It is usually possible to image the entire length 
(approximately 6 to 8 cm) of intrahepatic/retrohepatic 
part of IVC in a single frame at 1 to 3 cm distance 
from the probe in an axis parallel to the probe near the 
esophagogastric junction. In this position the surface 
closer to the probe corresponds to the posterior surface 
of IVC and the surface away from the probe corresponds 
to the anterior surface of IVC (Figure 8). The position and 
course of each of the hepatic vein is usually best assessed 
from the abdominal part of esophagus. Slight clockwise 
or anticlockwise rotation can trace the lateral surfaces 
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of the IVC. The supra hepatic, or retro hepatic course 
of IVC can be followed for assessment of hepatic veins 
which join the anterior or lateral surface of IVC. No vein 
joins the posterior surface of IVC. During imaging from 
abdominal part of esophagus and stomach the spiral 
course of IVC in the liver is easily traced from above 

downwards from an anteriorly placed position of the IVC 
near the right atrium to a posteriorly placed position 
of the IVC in abdomen (Figures 4, 5, 8 and 9). The 
imaging of IVC and the hepatic veins is also possible 
from duodenal bulb and descending duodenum but the 
longer distance of hepatic veins and IVC from the bulb 

Figure 1  Anatomy of liver. A: The four sectors of liver, i.e., right anterior, right posterior, left medial and left lateral; B: The three major veins, emerge from the 
posterior surface of the liver and open immediately into the supra hepatic part of inferior vena cava (IVC) just before it pierces the diaphragm. Short hepatic/accessory 
veins drain into lower part of IVC. The accessory veins and the caudate lobe veins join the anterior and lateral aspect of IVC.

A

Cantlie line Gallbladder

Falciform ligament
Inferior vena cava

Right lobe
Left lobe

Posterior
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B
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Figure 2  The segments and sectors of liver and their relationship with hepatic vein tributaries. MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left 
hepatic vein.

Figure 3  The appearance of inferior vena cava from three stations in a rounded or elongated axis. 
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and descending duodenum may make it technically 
difficult to acquire similar amount of information (Figures 
6 and 7). 

Imaging of gallbladder
The gallbladder lies in a shallow fossa on the down 
sloping visceral surface of liver and can be visualized from 

the stomach, the duodenal bulb and from the descending 
part of duodenum. It is located near the right end of 
porta hepatis, its neck is highest, its fundus lowest. The 
location of gallbladder helps in following the course of 
hepatic vein; the right hepatic vein runs parallel to the 
upper surface of gallbladder (Figure 10), the MHV runs 
towards the neck of gallbladder (Figure 10) and the LHV 

Figure 4  Inferior vena cava running parallel to the probe in a long axis from 
abdominal part of esophagus. RHV: Right hepatic vein; IVC: Inferior vena cava.

Segment Ⅷ

Segment Ⅶ

Ⅷ

Ⅶ

Figure 5  This figure shows inferior vena cava running parallel to the probe 
in a long axis. In this image slight up angulation of the probe shows inferior vena 
cava in a more oval axis. PV: Portal vein; RHV: Right hepatic vein; IVC: Inferior 
vena cava.

LPV

PV

LV

CL

IVC

RHV
LHV

IVC in long axis

Figure 6  This figure shows inferior vena cava running from 7 o’clock 
position to 11 o’clock position on the far side of the screen in a long 
axis from the duodenal bulb. PV: Portal vein; RHV: Right hepatic vein; LHV: 
Left hepatic vein; IVC: Inferior vena cava; CL: Caudate lobe; LPV: Left portal 
vein.

LHV
IVC

MHV

RHV

Figure 7  This figure shows inferior vena cava in a rounded axis from 
duodenal bulb. MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left 
hepatic vein; IVC: Inferior vena cava.

Anterior surface 
of IVC

Posterior surface 
of IVC

Intrahepatic IVC

Liver

- 8 cm

Figure 8  During imaging from the abdominal part of esophagus, the 
anterior surface of inferior vena cava is always found in close contact with 
the liver parenchyma whereas the posterior or lateral surface of the inferior 
vena cava is variably covered. IVC: Inferior vena cava.

Figure 9  If the inferior vena cava is surrounded on all sides by liver 
parenchyma it is called as intrahepatic, if it is surrounded only anteriorly 
or anterolaterally it is called as retrohepatic. In this case, right hepatic vein is 
seen joining the retrohepatic part of inferior vena cava. IVC: Inferior vena cava.

Segment Ⅰ

Segment Ⅰ
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runs away from the neck of the gallbladder (Figures 11 
and 12). 

EVALUATION OF HEPATIC VEINS 
The course of hepatic veins and the hepatic vein bran

ches is described from four stations: the abdominal part 
of esophagus, the fundus of stomach, the duodenal bulb 
and the descending duodenum (Figure 13). The imaging 
from each station may be done in following steps: (1) 
Demarcation of right and left lobe is done by following 
the course of MHV. The course of left and right hepatic 
vein helps in identification of the four sectors (Figure 14); 
(2) Further subdivision of the sectors into independent 
liver segments is possible by following the tributary free 
part of each hepatic vein and tracing the direction and 
path of travel of the tributaries (Figure 15); and (3) The 
location and side of appearance of 1st major tributary of 
each hepatic vein is helpful for segmental identification 
(Figures 15-18).

Evaluation from abdominal part of esophagus
The abdominal part of esophagus lies very close to the 
entry point of left and MHV into the suprahepatic part of 
IVC. Initially the LHV is identified in an open position to 
the left (Figures 12 and 14a). The course of LHV divides 
the left lateral and left medial sector (Figure 14a). 
Slight clockwise rotation traces the joining of MHV at an 
angle of about 60° with the IVC (Figures 14b and 16). 
The presence of MHV divides the left medial (Ⅳa) from 
right anterior sector (Figures 14b and 16).  On further 
rotation, the right hepatic vein is seen, which divides 
the right anterior from right posterior sector (Figures 
14c and 17).  Usually in this position the merger of 
right hepatic vein is seen when the IVC is seen in an axis 
parallel to the probe (Figure 17). With a single movement 
of clockwise rotation from abdominal part of esophagus, 
the three hepatic veins can be identified within the portal 
fissures and the four sectors can be separated according 
to the order of appearance of hepatic veins (Figure 13). 

Evaluation from the stomach
A EUS examination of most of the liver lobe, sectors 
and hepatic veins is possible from the visceral surface 
of liver which is in contact with stomach and forms the 
gastric impression on the under surface of liver (Figure 

Ⅶ

Ⅵ 

Ⅷ

HV

V

GB
PV

PV
BULB

Figure 10  This image from duodenal bulb shows the right and middle 
hepatic vein. The right hepatic vein goes parallel to the surface of gallbladder and 
the middle hepatic vein goes towards the neck of gallbladder. GB: Gall bladder.

Figure 11  The inferior vena cava is not seen in this image but rotation of 
the scope shows the approximate area of inferior vena cava (yellow circle) 
where the left and right hepatic veins merge into inferior vena cava. MHV: 
Middle hepatic vein; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior 
vena cava.

Figure 12  While imaging through the left lobe, the left hepatic vein is seen 
as a long vascular channel coursing towards the right side of the image into 
inferior vena cava which is usually seen in a rounded shape in a transverse 
axis. LHV: Left hepatic vein.
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Figure 13  The imaging of hepatic veins can be done from four stations: the 
abdominal part of esophagus, the stomach, the duodenal bulb and the 2nd 
part of duodenum. 
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19a and b). An open position to left places the tip of the 
transducer close to left lateral sector of liver in stomach. 
A clockwise rotation from an open position to the left 
brings into view the umbilical part of left branch of 
portal vein within the umbilical fissure which lies close 
to left edge of transverse fissure. Further clockwise 
rotation traces the transverse fissure from the left edge 
of the fissure to the right edge and moves the beam of 
probe from the left lateral sector to left medial sector 
(Figure 20). On continued rotation the beam moves 
towards the right anterior sector where the gallbladder 

is seen (Figure 21).

Evaluation from the duodenal bulb
Imaging from duodenal bulb requires positioning of 
the scope in the duodenal bulb where clockwise and 
anticlockwise rotation results in appearance of left 
and right lobe (Figure 22). The presence of MHV is 
seen moving towards the neck of gall bladder and this 
divides the liver into right and left lobe (Figure 23). 

A B CPV (left branch)

Figure 14  The images from abdominal part of esophagus shows presence of left (A), middle (B), and right hepatic vein (C) dividing the liver into four sectors. 
MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava; PV: Portal vein.

Middle hepatic vein
Right hepatic 
vein

Short hepatic veins
Falciform ligament

Left 
hepatic veins

Inferior vena cava

LV
LA

RV

RA

Figure 15  The tributary free part of each hepatic vein is shown. 

Figure 16  The middle hepatic vein has got tributaries on the right and the 
left side. The right side tributaries drain segment Ⅷ and segment Ⅴ. The left 
side tributaries drain segment Ⅳ. MHV: Middle hepatic vein. 

Figure 17  The right hepatic vein is seen joining at an angle of around 60°. 
The segment Ⅷ is seen between hepatic vein and IVC. RHV: Right hepatic vein; 
IVC: Inferior vena cava.

Segment Ⅷ

Anterior portal
vein branch to
Segment Ⅷ

Segment Ⅰ

Figure 18  The left hepatic vein is seen running parallel to the probe. 
The segment Ⅱ, Ⅲ, Ⅳa and Ⅳb veins are seen. In this case the imaging 
is done from the visceral surface of the liver and from an area close to the 
antrum and body. Hence, the segment Ⅳb appears closer than segment Ⅲ. 
LHV: Left hepatic vein.

Ⅳa
Ⅳb

Ⅲ Ⅱ
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Further division into sectors is possible by clockwise 
rotation to visualize the left lobe (Figure 24) and 
anticlockwise rotation to visualize the right lobe (Figure 
25). Imaging from the duodenal bulb usually visualizes 
the gallbladder neck near the liver hilum at 12 o’clock 
position, fundus at 3 o’clock position (Figures 23 and 
25) and in this position the IVC is seen moving from 6 
to 9 o’clock positions (Figure 24).  A clockwise rotation 
moves the beam towards the duodenum and towards 

the retrorenal part of IVC whereas as an anticlockwise 
rotation traces the IVC towards the right lobe of liver.

Evaluation from the descending duodenum
The evaluation of the hepatic veins from descending 
duodenum is possible by extreme anti-clockwise rotation 

Figure 19  Visceral surface of liver. A: The visceral surface of the liver is shown. All the segments of liver except segment VIII are related to the visceral surface of 
the liver; B: The imaging from visceral surface of liver can be done from four positions. 

Ⅰ Ⅱ

ⅢⅤ

Ⅳ

Ⅵ

Ⅶ

A
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ⅢⅤ

Ⅳ

Ⅵ

Ⅶ

B

Figure 20  Imaging from visceral surface of liver shows the left lateral and left medial segment below the level of umbilical fissure separated by ligamentum teres. 

Figure 21  This image shows right anterior sector from stomach. CBD: 
Common bile duct; CD: Cystic duct; GB: Gallbladder.

Figure 22  This image from duodenal bulb shows an imaginary line (dotted 
yellow line) going from inferior vena cava towards the gallbladder. This 
line divides the right and left lobe of liver. The right branch of portal vein is seen 
as a rounded structure within the liver parenchyma in the path of this line. GB: 
Gallbladder; IVC: Inferior vena cava.
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coupled with upwards angulation to prevent the slipping 
of the scope back into the stomach. During this rotation, 
the beam moves traces the IVC from behind the kidney 
towards the heart and sequentially rotates towards 
the axis of imaging across the right lobe of the liver, 
the gallbladder fossa and the left lobe of liver. In this 
position the IVC gradually moves from 9 o’clock position 

towards 4 o’clock position (Figure 26). During this 
rotation, the MHV (Figure 27), the RHV (Figure 28) 
and the LHV (Figure 29) appear one by one and help 
in identification of all the sectors of liver. 

Evaluation of short hepatic/accessory veins 
The accessory veins have significant variations in their 
number and size and the size may be larger, smaller or 
of the same size as the main hepatic veins. Larger size 
accessory veins usually provide independent and complete 
drainage of blood from a complete liver segment[11]. A 
universal classification of accessory veins is not given in 
literature and a simple description of accessory veins 
may mention all veins joining the IVC caudal to the 
main veins as right, middle or left inferior hepatic veins. 
Sometimes the accessory veins are classified into two 
groups according to the side that enter into IVC. The left 
side veins are called caudal hepatic veins, while the right 
sided veins are referred to as inferior right hepatic veins. 
On EUS the evaluation of the anterior and lateral wall of 
IVC below the joining of main hepatic vein is done in a 
craniocaudal axis (no vein joins the posterior aspect of 
IVC) for assessment of accessory veins (Figures 30-32). 
The number and diameter of hepatic veins joining IVC 
can be counted. The caudate lobe venous drainage 
is independent and occurs directly by two small fairly 
constant veins that enter the left side of IVC (Figure 5). 
In cases of liver donor, the caudate lobe usually remains 
in the donor because it directly drains into the IVC.  The 
vena caval openings are considered as large openings 
with the diameter of 1.5-2 cm and medium when the 
diameter is 0.5-1.0 cm[11,12]. The distance of accessory 
vein from the main hepatic vein is important as it may 
be difficult to apply a single clamp if distance between 
accessory vein and the confluence of the hepatic vein 5 
cm in the coronal plane. 

DISCUSSION
EUS of hepatic vein and the tributaries is an operator 
dependent technique and in expert hands may give a 
mapping comparable to CT and magnetic resonance 
imaging. EUS of hepatic veins can help in identification 
of individual sectors and segments of liver. EUS offers 
additional superiority in assessing the flow dynamics of 
individual hepatic veins and can provide an opportunity 
for assessment of the anatomical features of hepatic 
vein length, diameter, pattern of joining, and evaluation 
of segmental venous drainage. Knowledge of the pres
ence of supernumerary right hepatic veins or an inferior 
hepatic vein may facilitate extrahepatic or intrahepa
tic venous ligation during resection of the right hemi 
liver[13-16]. Studies done in animal models have shown a 
possible route for EUS guided intrahepatic portosystemic 
shunt from IVC and hepatic vein to portal vein[17]. The 
EUS anatomy of portal venous system has been well 
defined[18-20]. The assessment of hepatic veins can be also 

IVC

RIGHT

GB

LT LOBE

RPV

MHV

Figure 23  This image shows that the middle hepatic vein going towards the 
neck of gallbladder (yellow arrow). MHV: Middle hepatic vein; GB: Gallbladder; 
IVC: Inferior vena cava; RPV: Right portal vein.

IVC
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GB
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RPV

MHV

LHV

Figure 24  This image shows the course of left hepatic vein on clockwise 
rotation in duodenal bulb. MHV: Middle hepatic vein; GB: Gallbladder; RHV: 
Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava.

Ⅶ

HV

V
GBPV

BULB

Figure 25  Imaging from duodenal bulb with anticlockwise rotation to 
visualize the right lobe. The middle hepatic vein is seen coursing from 
the neck of the gallbladder and the right hepatic vein is seen coursing 
parallel to the upper surface of gallbladder. An imaginary line can be drawn 
back to the approximate position of merger into inferior vena cava which is 
not seen in this frame. 

Right hepatic vein
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useful for assessing the path and possible techniques of 
specific hepatic vein puncture in planning a EUS guided 
procedures involving hepatic veins and portal vein 
(Figure 33).

CONCLUSION
This article describes a standard technique for visua
lization of hepatic veins. With practice an imaging of 
all the hepatic veins is possible from four stations. The 
imaging from fundus of stomach is the easiest and 

most convenient method of imaging of hepatic veins. 
EUS guided interventions may require approach from 
different stations. Knowledge of the hepatic venous 
territories and “venous drainage map” may provide 

IVC

LPV

IVC

Segment Ⅲ
branch of left PV

Figure 26  Endoscopic ultrasound from descending duodenum. A: Figure showing right hepatic vein; B: On anticlockwise rotation from 2nd part of duodenum, the 
inferior vena cava gradually moves from 9 o’clock position towards 4 o’clock position. LPV: Left portal vein; PV: Portal vein; IVC: Inferior vena cava.

Figure 27  This figure shows the course of middle hepatic vein proceeding 
towards the portal vein by the dotted line and dividing the right anterior 
sector from the left medial sector. MHV: Middle hepatic vein; PV: Portal vein; 
IVC: Inferior vena cava.

A B

Ⅳb

Figure 28  This figure shows the course of right hepatic vein dividing the 
anterior and posterior sector of right lobe of liver. PV: Portal vein; RHV: Right 
hepatic vein; IVC: Inferior vena cava.

Figure 29  This figure shows the course of ligamentum venosum proceeding 
towards the umbilical part of portal vein and dividing the left lateral segment 
from the caudate lobe. The separation of left lateral and left medial segment is 
done by the course of left hepatic vein but more posteriorly near the liver hilum 
the ligamentum venosum separates left lateral segment from the caudate lobe.  
PV: Portal vein.

Figure 30  This image shows the presence of prominent right inferior 
hepatic vein below the right main hepatic vein. This vein has a size almost 
similar to main right hepatic vein and provides segmental drainage of a complete 
segment. The distance between right hepatic vein from the right inferior hepatic 
vein in this image is 3 cm. IVC: Inferior vena cava; RHV: Right hepatic vein; RIHV: 
Right inferior hepatic vein.

Segment Ⅱ
branch of left PV

Diaphragm

Segment Ⅰ

- 3 cm
IVC

RIHV RHV

Sharma M et al . EUS of hepatic veins



292 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

useful information for complex liver surgeries and thera
peutic procedure involving hepatic veins.
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Abstract
AIM
To evaluate the clinical and economical efficacy of lumen 
apposing metal stent (LAMS) in the treatment of benign 
foregut strictures.

METHODS
A single center retrospective database of patients who 
underwent endoscopic treatment of benign foregut 
strictures between January 2014 and May 2017 was 
analyzed. A control group of non-stented patients who 
underwent three endoscopic dilations was compared 
to patients who underwent LAMS placement. Statistical 
tests performed included independent t -tests and five-
parameter regression analysis

RESULTS
Nine hundred and ninety-eight foregut endoscopic 
dilations were performed between January 2014 and 
May 2017. 15 patients underwent endoscopic LAMS 
placement for treatment of benign foregut stricture. 
Thirty-six patients with recurrent benign foregut stri
ctures underwent three or more endoscopic dilations 
without stent placement. The cost ratio of endoscopic 
dilation to LAMS (stent, placement and retrieval) is 
5.77. Cost effective analysis demonstrated LAMS to 
be economical after three endoscopic dilation overall. 

Case Control Study



LAMS was cost effective after two dilations in the Post-
surgical stricture subgroup. 

CONCLUSION
Endoscopists should consider LAMS for the treatment of 
benign foregut strictures if symptoms persist past three 
endoscopic dilations. Post-surgical strictures may benefit 
from LAMS if symptoms persist after two dilations in a 
post-surgical. Early intervention with LAMS appears to 
be a clinically and economically viable option for durable 
symptomatic relief in patients with these strictures.

Key words: Benign esophageal stricture; Endoscopy 
economics; Stent economics; Self expandable metallic 
stents; Esophageal diseases

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The findings of our study will be helpful with 
clinical decision making when treating benign strictures 
of the esophagus and foregut. The main finding of 
our study is that lumen apposing metal stents have 
the potential to have an economical advantage over 
repeated dilations in the treatment of recurrent benign 
foregut strictures. Reports of placing lumen apposing 
stents as an alternative to serial endoscopic dilation 
have been reported, however no economic analysis has 
been published.

Hallac A, Srikureja W, Liu E, Dhumal P, Thatte A, Puri N. 
economical effect of lumen apposing metal stents for treating 
benign foregut strictures. World J Gastrointest Endosc 2018; 
10(10): 294-300  Available from: URL: http://www.wjgnet.
com/1948-5190/full/v10/i10/294.htm  DOI: http://dx.doi.
org/10.4253/wjge.v10.i10.294

INTRODUCTION
Pathological or therapeutic disruption of the foregut 
tissue is common, yet diverse in both its etiology and 
severity. Surgical anastomosis, peptic injury, radiation, 
caustic ingestion, eosinophilic esophagitis, Schatzki 
rings and esophageal webs all disrupt the innate tissue 
and predispose to luminal stricture formation[1,2]. The 
mechanism by which esophageal strictures develop is 
hypothesized to be the result of fibrous tissue production 
and collagen deposition stimulated by deep ulceration 
or chronic inflammation[3,4]. The principle symptoms of 
foregut stricture disease include, dysphagia, early satiety, 
epigastric pain, heart burn, nausea and vomiting. The 
current gold standard treatment of foregut strictures is 
endoscopic dilation. It is not uncommon for patients to 
undergo multiple dilations to achieve remission, while 
some have persistent disease forcing clinicians to face 
challenging management decisions. Currently, there 
are no established reliable predictors to identify which 
strictures will respond optimally to dilation. Additionally, 
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there is no expert consensus regarding the frequency of 
dilations necessary to define a refractory structure[5]. 

An evolving, but “off label” treatment for benign 
foregut strictures is placing stents for sustained eso­
phageal patency. The use of self-expandable metal stents 
(SEMS) has the benefit of providing an ongoing radial 
force to suppress the stricture and maintain luminal 
patency. The SEMS design has been innovated upon, 
ultimately resulting in the creation of the lumen apposing 
metal stent (LAMS). LAMS are short, self-expanding, 
fully covered, metal stents with large flanges that 
anchor the stent at both ends.

Clinical guidelines, supported by large studies and 
systemic reviews have validated the use of stents as an 
acceptable salvage therapy in the treatment of refractory 
benign and malignant strictures; however, these studies 
did not include LAMS[5-10]. 

The objective of this study is to examine the use of 
LAMS in the treatment of benign foregut strictures. Case 
series and case reports have documented the use of 
LAMS in benign strictures of various etiology at different 
locations in the foregut[11-17]. We aim to illustrate the 
clinical effectiveness and economics of LAMS. 

MATERIALS AND METHODS
Institutional review board approval was obtained for the 
development of a retrospective database to evaluate 
the efficacy of LAMS in the treatment of benign foregut 
strictures. The database used for this study included all 
patients who underwent endoscopic dilation or LAMS 
placement for treatment of benign foregut strictures at 
a single non-university tertiary care center. The database 
was constructed by manual review of the electronic 
health record (EHR) system of a large regional health 
system. This retrospective case-control study was re­
ported in accordance with the STROBE statement[18]. 

Current procedural terminology (CPT) codes were 
used to identify the most recent 1000 controlled radial 
balloon dilation (CRE) and Savary-Gilliard dilations 
of the foregut. All endoscopic procedures performed 
between January 2014 and May 2017 was reviewed, 
998 procedures were identified. These procedures 
were reviewed to isolate all patients who underwent 
three or more CRE or Savary-Gilliard dilations during the 
40-mo period, and 36 patients fit these criteria. Three 
or more dilations were selected as our inclusion criteria 
for recurrent strictures based on the fact that LAMS 
placement required a minimum of two endoscopies 
and LAMS placement is rarely first line therapy at our 
institution. The 36 patients’ medical records were inter­
rogated to establish a control group for the comparison 
of LAMS versus serial endoscopic dilation. 

Fifteen patients underwent endoscopic LAMS place­
ment for treatment of benign foregut stricture disease. 
The LAMS were placed without electrocautery or sutures 
with the intention of maintaining luminal patency for 90 
d or until surgical revision. The LAMS utilized were 10 
mm in length, fully covered, with bilateral 21 mm or 24 
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Table 1  The mean time between dilations for all patients in the recurrent dilation group

mm flanges. When deployed the stent self-expanded 
to a luminal diameter of 10 mm or 15 mm (Axios™ 
Stent, Boston Scientific©, Marlborough, MA, United 
States). The patients who underwent LAMS placement 
consented to undergoing treatment with a medical 
device in an “off label” non-United States Federal Drug 
Enforcement Agency (FDA) approved indication. 

Clinical end points were the number of symptom 
free days and the number of days between endoscopic 
dilations. The number of symptom free days and days 
between each endoscopic procedure was determined by 
documentation in the EHR and reported as mean time 
between dilations (MTBD) and mean symptom free 
days (MSFD). The review of EHR documentations was 
performed by a physician who is not a gastroenterologist 
to prevent potential bias. Complications were defined as 
removal of the stent prior to the intended 90-d duration 
of placement or hospital admission for gastrointestinal 
symptoms. Endoscopies performed prior to this study’s 
2014 start date were reviewed when available. 

Statistical analysis
All statistical analysis was performed by a biostastician 
using IBM SPSS Statistics for Windows, Version 24 
(IBM Corp., Armonk, NY, United States). Statistical 
tests performed included independent t-tests and five-
parameter regression analysis with the independent 
variable being endoscopic dilations as pair indices and 
the dependent variable being time. All patients that 
lacked sufficient follow up to accurately characterize 
their post stent clinical course were included in the 
descriptive statistical analysis and excluded from 
the case control analysis. Statistical significance was 
determined using a threshold of P = 0.05.

Economic analysis
The economic analysis was designed utilizing the 
recommendations of the International Association of 
Health Technology Agencies to increase generalizability 
to clinical gastroenterologists[19]. The 2016 Medicare 
National Average Payment fee schedule that was issued 
by Center for Medicare and Medicaid Services in January 
of 2016 was used to determine the cost of endoscopic 
interventions. A 2% reduction was calculated on all 
costs to reflect the sequestrations placed by the United 
States government on all Medicare rates. The cost we 
associated with each endoscopic dilation is the mean 
cost of a CRE and Savary-Gilliard dilations. The cost of 
the LAMS was the specific per unit cost at our institution. 
The breakeven number for using a stent is calculated by 

dividing the delta between the MSFD and MTBD by the 
coefficient of the regression.

Results 
Recurrent dilation group
Strictures of non-anastomotic origin accounted for 
86.1% (n = 31). Five post-surgical strictures located at 
anastomotic sites accounted for 13.9% of the recurrent 
dilation group (Table 1). Patients’ ages ranged from 
26 to 90 years with a median of 66 years of age. The 
majority of patients were men (55.6%, n = 20). The 
MTBD was 147 ± 156 d. 

The regression results demonstrate that after the 
initial endoscopic dilation, patients with recurrent 
benign esophageal strictures will have a decreased time 
between subsequent dilations that averages 28 d. The 
reduction of time between subsequent dilations was 20 
d in non-surgical strictures and 64 d in postoperative 
strictures.

LAMS group
The LAMS group consisted of 15 patients who underwent 
endoscopic LAMS placement as an adjunctive treatment 
for various benign strictures of the foregut (Table 2). 
Strictures occurred post surgically at locations including: 
Gastrojejunal anastomosis (GJ), Roux-en-Y gastric 
bypass (RYGB), vertical band gastroplasty (VBG), 
esophagogastric anastomosis (EG). The majority of 
the LAMS group were post-surgical strictures, of which 
27% (n = 4) resulted from weight loss surgeries. 
Thirteen percent (n = 2) of patients had post procedural 
dysphagia and abdominal pain leading to elective 
premature LAMS removal (Table 2). Patient eight 
obtained partial relief of dysphagia on the initial LAMS 
which recurred promptly after LAMS removal prompting 
insertion of a second LAMS 21 d later intended to 
provide symptomatic relief prior to surgical intervention. 
Patient 14 underwent LAMS placement for a persistent 
peptic stricture of the duodenal bulb which initially 
relieved some symptoms, however; symptoms recurred 
and the LAMS was removed and replaced 74 d later for 
worsening symptoms.

The median length of follow up was 299 d (range, 
7-628). The median duration of the endoscopic LAMS 
placement was 14.7 min (range, 3.3-68.3), LAMS 
removal had a median endoscopy duration of 14.7 min 
(range, 1.7-28.2).

Sixty percent (n = 8) of the LAMS group had suffi
cient follow up for inclusion in a multivariate regression 

n Mean time between dilations (d) SD t  P

Male 20 146.8 169.7   -0.01 0.9
Female 16 147.5 141.1
Non-Surgical 31 137.6 159.9 -1.1 0.3
Surgical   5 205.7 121.4
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Table 5  The economic analysis for lumen apposing metal stent utilization

Economic analysis results
The average cost of an endoscopic dilation is $1282, 
whereas the cost of a LAMS is $4060, endoscopic in­
sertion and endoscopic removal cost $2399 and $937 
respectively. The total cost for the LAMS and endoscopic 
insertion and removal is $7396; thus, a cost ratio is 5.7. 
Dividing the overall MSFD for the LAMS group and the 
recurrent dilation group by the cost ratio demonstrates 
that LAMS placement only became economical when the 
time between dilation is less than or equal to 57 d (Table 
5). The overall MTBD for the recurrent dilation and LAMS 
group is 152 d. The overall breakeven number for using 
LAMS is 3.5 dilations, thus endoscopic LAMS placement 
is economical after the three dilations. 

Discussion
The use of esophageal prosthesis began over a century 
ago and progressed into commercially available app­
lications in the 1970s. The current generation of SEMS 
were initially used in the biliary tree before being 
developed into esophageal specific applications in the 
1990’s[20]. The recommended use of SEMS is most 
clearly defined in the malignant stricture population; 
however, ambiguity exists in the use of SEMS in benign 
strictures of the gastrointestinal tract. Complications of 

stent migration and variability in efficacy of SEMS have 
limited their use in benign strictures. 

The FDA approved the first LAMS in 2012 for the 
endoscopic treatment of pancreatic pseudocysts[21]. 
There is a paucity of published experience using LAMS 
in the treatment of benign foregut strictures, with only 
three studies, including ours, containing 15 or more 
patients[11,12]. The limited number of studies utilizing 
LAMS in benign stricture disease is primarily due to the 
low use of “off label” non-FDA approved devices. As such, 
we believe our results along with Irani et al[12] and Yang 
et al[11]’s showcase the utility of LAMS in the treatment of 
benign foregut strictures. 

Clinical outcomes 
Our results are most similar to the prospective multi-
center trial performed by Yang et al[11]. Yang et al[11]’s 
cohort included 23 patients who underwent an average 
of 3.7 endoscopic dilations prior to LAMS placement. 
As such, this demonstrated the generalizability of our 
control group, which included individuals who underwent 
three or more endoscopic dilations. In addition to the 23 
foregut LAMS placements, Yang et al[11]’s cohort included 
four colonic stricture stent placements with 60 d (IQR, 
40-90 d) median duration of LAMS placement compared 
to our median of 96 d (IQR, 41-161 d). Both our cohort 

Table 3  Regression analysis of the time between dilation (d) for patients who underwent lumen apposing metal stent placement

R2 Intercept Coefficient F P

Mean overall 68.3% 220.3 -27.8 8.6 0.04
Mean female 16.9% 192 -17.4 0.8 0.41
Mean male 96.1% 250 -39.3                99.3   0.001
Mean surgical 62.2%   96.2 -63.3 6.5 0.06
Mean nonsurgical 62.8% 188.3 -19.4 6.7 0.06

Table 4  The comparison of clinical outcomes in the lumen apposing metal stent and recurrent dilation groups

Group n Mean symptom free days SD t  P  (two tail)

Overall Dilation 36 153 153.7 2.9 0.01
LAMS   8 327 156.9

Male Dilation 20 147   169.04 3.5 0.01
LAMS   3 347   73.7

Female Dilation 16 160 137.2 2.1 0.09
LAMS   5 353 190.9

Nonsurgical Dilation 31 144 158.7 1.5 0.26
LAMS   3 298 165.6

Surgical Dilation   5 209   114.08   2.06 0.07
LAMS   5 382 148.8

LAMS: Lumen apposing metal stent.

MSFD MSFD/Cost Ratio MTBD Coefficient from Regression Breakeven n

Overall 327 56.7 153 27.8 3.4
Male 347 60.1 147 39.3 2.2
Surgical 382 66.2 209 63.3 2.2

MSFD: Mean symptom free days; MTBD: Mean time between dilations (d). 
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and Yang et al[11]’s did not experience any tissue over­
growth or technical difficulties with LAMS removal; yet, 
these issues were encountered in Irani et al[12]’s series. 
The adverse events related to LAMS extraction could 
be more prevalent in Irani et al[12]’s series due to their 
300 d median follow up time post LAMS insertion, which 
is slightly larger than both Yang et al[11]’s and our own 
cohort, which had median follow up times of 100 and 
299 d respectively. Yang et al[11], Irani et al[12] and our 
own cohort all reported encountering patients with pain 
following LAMS insertion that was severe enough to 
prompt premature LAMS removal, the mean incidence 
of premature LAMS removal due to pain was 6% 
(range, 4.3%-7%). Our study included a unique adverse 
event after LAMS was placed across a duodenal bulb 
stricture (Table 2, Patient 15), in which the distal flange 
of the stent created backpressure on the intraduodenal 
segment of the common bile duct leading to abdominal 
pain and obstructive jaundice resulting in stent removal 
20 d after placement.

Stent migration
In 2015, Fuccio et al[9] performed a meta-analysis of 
SEMS use in refractory benign esophageal stricture. 
Fuccio et al[9]’s meta-analysis reported a stent migration 
rate of 36% in fully covered self-expanding metal stents 
(FCSEMS)[9]. Twenty-two percent of the patients in Fuccio 
et al[9]’s analysis who underwent FCSEMS placement 
met the Kochman et al[22]’s criteria for refractory benign 
esophageal stricture meaning they underwent at least 
five dilation sessions and/or cycles with dilation to at 
least 14 mm. 

LAMS migration was confirmed in one of 15 patients 
in this study although a second stent migration could 
have occurred in the single patient lost to follow up 
(Table 2, Patient 11). Our reported LAMS migration rate 
of 6.7%-13.3% of patients is consistent with the two 
largest studies of LAMS that collectively had a migration 
rate of 7.5% in their 58 cases[12,13]. 

Clinical success 
Eighty-one percent of patients in our study had symp­
tomatic relief. Repeat endoscopic procedures after LAMS 
placement was limited to stent exchanges in two patients 
and a non-therapeutic endoscopy in one patient. LAMS 
successfully controlled symptoms in two patients prior 
to undergoing revision gastric surgery. Approximately 
83% of patients were symptom free at 100 d after LAMS 
removal in Yang et al[11]’s study, and the clinical success 
rate at 6 mo follow up was 61% in Irani et al[12]’s study. 

Economic analysis 
The cost breakeven point of the overall group is 3.5 and 
2.2 dilations in the post-surgical group, which shows that 
stent placement may have an economical advantage 
over recurrent dilation after the third dilation. The male 
subgroup demonstrated a cost breakeven point after 
the second dilation; however, this finding is limited by 
a lack of sufficient number of subjects to provide a fe

male subgroup analysis. Although our study did not 
utilize Kochman et al[22]’s criteria for refractory benign 
esophageal strictures as an inclusion requirement, 
applying our breakeven point for LAMS placement would 
demonstrate LAMS to be cost effective in all benign 
recurrent esophageal strictures as defined by Kochman 
et al[22]. 

Endoscopists should welcome LAMS as a second line 
therapy for benign foregut strictures, as it has shown 
to be a clinically and economically effective treatment 
modality for managing the devastating symptoms of 
benign foregut strictures. 

An interesting secondary finding from the analysis 
of the control group was the time between dilations was 
decreasing by 28 d between each dilation. This surprising 
finding should be expanded on in further studies that aim 
to elucidate the pathogenesis of benign foregut stricture 
formation.

The most significant limitation of our study beyond 
those inherent to retrospective analysis is the low sample 
size; however, this is to be expected in the study of a 
non-FDA approved use of a medical device. The absence 
of a formal symptom scoring system at post procedure 
clinic visits and the inability to follow all subjects long 
term makes our data mildly vulnerable to subject re­
porting and selection bias. More prospective trials are 
needed to develop a professional consensus on the role 
of LAMS in the treatment of benign foregut strictures.

ARTICLE HIGHLIGHTS
Research background
The use of lumen apposing metal stents (LAMS) began in 2012 as a treatment 
modality for pancreatic pseudocysts. Currently, LAMS are being used in various 
endoscopic procedures such as pancreatic pseudocyst drainage. 

Research motivation
The key question of our study is How effective and economical is the use of 
LAMS in the treatment of benign foregut strictures. 

Research objectives 
The main objective of this study was to determine how to appropriately utilize 
LAMS in the treatment of benign foregut strictures. Benign foregut strictures 
frequently recur therefore this study will contribute to the literature used to 
determine treatment strategies for these difficult recurrent strictures. 

Research methods
The research methods that were adopted to realize our objective was a 
single center retrospective case-control study. The case-control study was 
complemented by a cost effectiveness analysis. 

Research results
The cost breakeven point of using a LAMS compared to repeat endoscopic 
dilation was 3.5 and 2.2 dilations in patients with benign foregut strictures 
and post-surgical strictures, respectively. Our results demonstrate that stent 
placement may have an economical advantage over recurrent dilation once a 
patient has undergone three endoscopic dilations. The optimal duration of stent 
placement to provide maximum efficacy and minimum adverse events remains 
unknown, further prospective multicenter studies are needed.

Research conclusions
This study presents the novel finding that inserting a LAMS instead of serial 
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dilations can be a cost-effective treatment. We believe our results demonstrate 
that recurrent endoscopic dilation of benign foregut strictures can be optimally 
treated by LAMS in well selected patients. In summary, this study demonstrates 
that the interval between endoscopic dilations decreases overtime after each 
subsequent dilation. The use of LAMS for benign foregut strictures has been 
reported however we utilized an economic analysis to prove our hypothesis that 
there is a potential cost savings. 

Research perspectives
This study has important clinical implications particularly in the United States 
where the placement of a LAMS for any reason other than evacuating a 
pancreatic pseudocyst is not Federal Drug Enforcement Agency approved. 
Endoscopists can incorporate the findings of this study into their clinical practice 
when treating patients whose benign foregut strictures continue to require 
endoscopic dilations. 
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Abstract
AIM
to evaluate differences in capsule endoscopy (CE) 
performed in the setting of obscure gastrointestinal 
bleeding (OGIB) among premenopausal women (PMW) 
and menopausal women (MW).

METHODS
Retrospective, single-center study, including female 
patients submitted to CE in the setting of OGIB 
between May 2011 and December 2016. Patients were 
divided into 2 groups according to age, considering 
fertile age as ≤ 55 years and postmenopausal age as 
> 55 years. The diagnostic yield (DY), the rebleeding 
rate and the time to rebleed were evaluated and 
compared between groups. Rebleeding was defined as 
a drop of Hb > 2 g/dL or need for transfusional support 
or presence of melena/hematochezia.

RESULTS
A hundred and eighty three female patients underwent 
CE for OGIB, of whom 30.6% (n  = 56) were PMW and 
69.4% (n  = 127) were MW. The DY was 30.4% in 
PMW and 63.8% in MW. The most common findings 
were angiodysplasias in both groups (PMW: 21.4%, 
MW: 44.9%) (P  = 0.003). In PMW, only 1.8% required 
therapeutic endoscopy. In 17.3% of MW, CE findings 

Retrospective Study



led to additional endoscopic treatment. Rebleeding at 
1, 3 and 5 years in PMW was 3.6%, 10.2%, 10.2% 
and 22.0%, 32.3% and 34.2% in MW. Postmenopausal 
status was significantly associated with higher DY (P  
< 0.001), TY (P  = 0.003), rebleeding (P  = 0.031) and 
lower time to rebleed (P  = 0.001).

CONCLUSION
PMW with suspected OGIB are less likely to have 
significant findings in CE. In MW DY, need for endosco
pic treatment and rebleeding were significantly higher 
while time to rebleed was lower.

Key words: Diagnostic yield; Obscure gastrointestinal 
bleeding; Premenopausal women; Menopausal women; 
Capsule endoscopy 

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Patients with negative findings in oesopha
gogastroduodenoscopy and colonoscopy with suspected 
obscure gastrointestinal-bleeding benefit from further 
capsule endoscopy (CE) study. Premenopausal women 
are frequently referred for CE. However in this subset 
of patients the pretest probability of positive findings is 
thought to be low. This paper compared the diagnostic 
yield (DY) as well as therapeutic yield (TY), rebleeding, 
hospitalization and mortality between premenopausal 
and menopausal women. We found that menopause 
status was significantly associated with positive 
findings, DY, TY, rebleeding and lower time to rebleed. 
This may lead to consider the exclusion of other 
comorbid pathologies in fertile age women before CE.

Silva JC, Pinho R, Rodrigues A, Ponte A, Rodrigues JP, Sousa 
M, Gomes C, Carvalho J. Yield of capsule endoscopy in 
obscure gastrointestinal bleeding: A comparative study between 
premenopausal and menopausal women. World J Gastrointest 
Endosc 2018; 10(10): 301-307  Available from: URL: http://
www.wjgnet.com/1948-5190/full/v10/i10/301.htm  DOI: http://
dx.doi.org/10.4253/wjge.v10.i10.301

INTRODUCTION
Obscure gastrointestinal bleeding (OGIB) accounts for 
approximately 5% of all cases of gastrointestinal (GI) 
bleeding and is usually due to a lesion in the small 
bowel[1]. OGIB can be classified as overt or occult[2]. 
In patients who have documented overt GI bleeding 
(excluding hematemesis) and negative findings on high-
quality oesophagogastroduodenoscopy (OGD) and 
colonoscopy, capsule endoscopy (CE) is recommended 
as the next diagnostic step[3]. Patients with occult GI 
blood loss and negative findings in OGD and colonoscopy 
need comprehensive evaluation, including CE to identify 
an intestinal bleeding lesion[4]. In premenopausal women 
(PMW) gynecologic etiologies are the most frequent 
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cause of anemia, although GI bleeding is reported as 
a cause of anemia in 12%-30%[5,6]. Re-bleeding after 
negative CE study in PMW is often due to menstrual 
blood loss[7-9]. Taking this in consideration it is necessary 
to clarify the differences in DY, TY and rebleeding in OGIB 
between PMW and MW. In PMW with suspected OGIB 
CE study may not be the first choice, considering the 
possibility of gynecologic blood loss and the lower rates 
of small bowel lesions[10].

Diagnostic yield (DY) of CE has already been eva
luated, particularly in OGIB[11-13]. Age is an important 
factor, and more frequently older patients are referred for 
OGIB investigation through CE. In this group of patients 
DY is higher[14].

Few trials have compared CE findings in OGIB acc
ording to the menopausal status and some reported a 
lower DY in CE performed in PMW[10,15].

The present study aimed to evaluate and compare 
the DY of CE between PMW and menopausal women 
(MW). Secondary outcomes included a comparison 
of therapeutic yield (TY), rebleeding, hospitalization 
and mortality for OGIB between PMW and MW who 
underwent CE.

MATERIALS AND METHODS
Patient and data collection
A cohort of female patients with OGIB who underwent 
CE after bidirectional endoscopy at Centro Hospital Vila 
Nova de Gaia from May 2011 to December 2016 was 
evaluated. Patients were followed-up until April 2018. 
Patients were then divided into 2 groups according to 
age, considering fertile age as ≤ 55 years and post
menopausal age as > 55 years.

Patient clinical information was retrospectively 
collected from electronic medical records, and included 
demographic characteristics (gender, age); comorbidities 
(cardiovascular, renal, hepatic disease); medical therapy 
[anticoagulants, antiplatelet and nonsteroidal anti-
inflammatory drugs (NSAIDs)]; hemoglobin (Hg) at 
admission and number of units of packed red blood cells 
(RBC) transfused prior to CE.

CE
Written informed consent was obtained from all patients. 
In this study the Mirocam® Video Capsule system was 
used and the examinations were carried out according to 
our unit protocol. Patients underwent a clear liquid diet 
the day before and a fasting period of 12 h before the 
exam. Oral iron supplements were suspended at least 8 
d before the procedure.

After CE ingestion, patients were evaluated 1-2 h 
after, through realtime visualization and a prokinetic 
agent was administered if the CE was retained in the 
stomach. Oral light diet was initiated 4 h after CE 
ingestion. The recorder was removed 12 h after CE 
ingestion. Earlier removal of the recorder demanded 
realtime visualization, confirming a colonic location of 
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Table 1  Patient characteristics n  (%)

CE. 
CE cleansing was evaluated according to the quali

tative scale developed by Brotz et al[16], and appropriate 
cleansing was assumed when graduated as excellent, 
good or fair.

CE findings were classified as positive and negative 
findings. Positive findings included bleeding without 
visible lesions, angiodysplasia, varices, hemangioma, 
ulcer, erosion, eroded polyps, diverticulum with bleeding 
stigmata or small-bowel tumor.

The DY was defined as the proportion of CE with 
positive findings compared to the total number of female 
patients included in the study. The TY was defined as the 
proportion of patients performing endoscopic treatment 
compared to the total number of female patients included 
in the study. Rebleeding, time to rebleed, hospitalization 
and mortality were also evaluated. Rebleeding episodes 
were defined as evidence of melena or hematochezia, a 
drop in Hg ≥ 2 g/dL from baseline, and/or the need for 
transfusion[17-19].

Statistical analysis
Data were analyzed using SPSS version 23.0. Des
criptive statistics were used to describe the patient’s 
demographic features, clinical characteristics and type 
of endoscopic findings. Categorical variables were 
presented as percentages and numeric variables as 
means. Results are expressed as percentages or mean 
± SD for continuous variables.

The χ 2 test was used to compare non-continuous 
variables. The t-test was used to compare continuous 
variables. The Kaplan-Meier test was used to calculate 
the time to rebleed. The Log-Rank test was used to 
compare the time to rebleed between groups. A p < 0.05 
was considered to be statistically significant.

RESULTS
Sample analysis
In our study, 183 female patients underwent CE for 
OGIB, of whom 30.6% were PMW (n = 56) and 69.4% 

were MW (n = 127). Patient characteristics are shown 
in Table 1. The mean age was 64.3 years (SD 15.8). 
Most patients were referred for occult OGIB (82.5%, 
n = 151), while 17.5% (n = 32) had overt OGIB. 
Iron deficiency anemia (IDA) was the most common 
indication (81.4%, n = 149) followed by melena 
(9.8%, n = 18), hematochezia (7.7%, n = 14) and 
positive fecal occult blood test (1.1%, n = 2). Mean Hg 
value before CE was 9.7 g/dL (SD 2.0). OGIB needing 
transfusional support was identified in 34.4% (n = 
63). Indication for CE, mean Hg value and need of 
transfusional support are shown in Table 2.

Concerning comorbidities, 25.7% had heart failure 
(n = 47), 18% had atrial fibrillation (n = 33), 13.1% 
had chronic kidney disease (n = 24) and 3.8% had liver 
disease (n = 7). Drugs increasing bleeding risk were 
also evaluated: 19.1% took vitamin K antagonists or 
direct oral anticoagulants, 31.2% were medicated with 
aspirin or thienopyridines and 33.3% took NSAIDs. 

CE findings are presented in Table 3. Small bowel 
cleansing was considered appropriate in 77.6% (n = 
142) CE studies. Most patients had positive findings 
(66.7%, n = 122). Angiodysplasias were the most 
frequent finding (37.7%, n = 69) followed by ulcers/
erosions (9.8%, n = 18) (Figure 1) and mass lesions 
(8.7%), namely tumors 7.1% [gastrointestinal stromal 
tumor (GIST) and subepitelial lesions] and polyps 
1.6%. Blood in the GI tract was observed in 12.6% CE 
(n = 23), of which in 60.9% no lesions were identified. 
Angiodysplasias were classified according to the Saurin 
et al[7] classification system as P1 (66.7%, n = 46) and 
P2 (33.3%, n = 23). Considering the timing of CE most 
patients were studied > 14 d (88.0%, n = 161) while a 
minority underwent CE within the first 14 d (48 h-14 d 
in 8.2%, n = 15 and < 48 h in 3.8%, n = 7).

The outcomes of CE are shown in Table 4. The 
DY was 53.6% (n = 98), TY 12.6% (n = 23). The 
rebleeding rate was 16.4%, at 1 year, 25.8%, at 3 years 
and 27.2% at 5 years (Figure 2). The hospitalization 
rate was 7.1% (n = 13) and the global mortality 1.0% (n 
= 2) (Table 4).

No. of patients (n  = 183) All PMW
(30.6%, n  = 56)

MW
(69.4%, n  = 127)

P  value1

Age (mean ± SD, yr) 64.3 ± 15.8 43.7 ± 8.0 74.3 ± 7.9 < 0.001
Comorbidities
Chronic kidney disease 24 (13.1)                    0 (0) 24 (18.9) < 0.001
Coronary artery disease 20 (10.9) 3 (5.4) 17 (13.4)   0.11
Heart failure 47 (25.7)                    0 (0) 47 (37.0) < 0.001
Hepatic disease 7 (3.8) 1 (1.8) 6 (4.7)                       0.34
Atrial fibrillation 33 (18.0) 2 (3.6) 31 (34.4)     0.001
Drugs
Anticoagulation 35 (19.1) 2 (3.6) 33 (26.0) < 0.001
Anti-platelet drugs 57 (31.1)   6 (10.7) 51 (40.2) < 0.001
NSAIDs 61 (33.3)   8 (14.3) 53 (41.7) < 0.001

1t -test: χ 2 test, as appropriate; P value of 0.05 indicating statistical significance; PMW: Premenopausal women; MW: Menopausal women; NSAIDs: 
Nonsteroidal anti-inflammatory drug.

Silva JC et al . Yield of CE in OGIB
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Table 3  Capsule Endoscopy findings in all patients, and between premenopausal and menopausal groups n  (%)

Per group analysis
The mean age of MW was 73.4 ± 7.9 years and for 
PMW 43.7 ± 8.0 years. Post-menopausal age was 
associated with significantly higher comorbidities, 
namely heart failure (p < 0.001), chronic kidney 
disease (p < 0.001) and atrial fibrillation (p = 0.001). 
In this group use of anticoagulants, anti-aggregants 
and NSAIDs was significantly higher (p < 0.001). Mean 

Hg level at CE study was lower in MW (9.3 ± 2.1 g/
dL) compared to PMW (10.4 ± 1.7 g/dL). The need of 
blood transfusion before CE was significantly higher in 
MW (44.1% vs 12.5%) (p < 0.001). IDA was the most 
common indication in both groups (MW 78.0%; PMW 
89.3%). 

MW had more frequently positive findings in CE 
study (71.1% vs 55.4%) (p = 0.031). Angiodysplasias 
were the most frequent finding in both groups, 
diagnosed in 44.9% of MW (n = 57) and in 21.4% of 
PMW (n = 12) (p = 0.003). MW had more frequently 
lesions with a high bleeding potential, classified as P2 
lesions (38.6% vs 8.3%) (p = 0.043). Blood in the GI 
tract was identified more frequently in MW (15.7%, n 
= 20) than PMW (5.4%, n = 3) (p = 0.051). Cleansing 
adequacy was not significantly different between groups 
(p = 0.83). Timing to CE was not significantly different 
between groups (p = 0.31). However in MW timing of 
CE was associated with higher DY (p = 0.002) and TY 
(0.024). In PMW there timing to CE was not associated 
with higher DY (p = 0.23) nor TY (p = 0.96).

DY was higher in MW (63.8%, n = 81) than PMW 
(30.4%, n = 17), and post-menopausal status was 
significantly associated with higher DY (p < 0.001). 

Table 2  Indication, mean hemoglobin value and need of transfusional support in all patients, and between premenopausal and 
menopausal groups n  (%)

No. of patients (n  = 183) All PMW
(30.6%, n  = 56)

MW
(69.4%, n  = 127)

P  value1

Indication for CE 0.11
Occult OGIB 151 (82.5) 50 (89.3) 101 (79.5)
Overt OGIB   32 (17.5)   6 (10.7)   26 (20.5)
IDA 149 (81.4) 50 (89.3)   99 (78.0)
Positive fecal occult    blood test   2 (1.1)                  0 (0)   2 (1.6)
Hematochezia 14 (7.7) 2 (3.6) 12 (9.4)
Melena 18 (9.8) 4 (7.1)   14 (11.0)
Hb prior to CE, g/dL     9.7 ( ± 2.0) 10.4 ( ± 1.7)     9.3 ( ± 2.1)    0.001
Need of transfusional support prior to CE   63 (34.4)   7 (12.5)   56 (44.1) < 0.001

1t-test: χ 2 test, as appropriate; P value of 0.05 indicating statistical significance. CE: Capsule endoscopy; PMW: Premenopausal women; MW: Menopausal 
women; OGIB: Obscure gastrointestinal bleeding; IDA: Iron deficiency anemia; Hb: Hemoglobin.

No. of patients (n  = 183) All PMW
(30.6%, n  = 56)

MW
(69.4%, n  = 127)

P  value1

Positive Findings 122 (66.7) 31 (55.4) 91 (71.7) 0.031
CE Findings
Angiodysplasias   69 (37.7) 12 (21.4) 57 (44.9)
Ulcers/erosions 18 (9.8) 11 (19.6) 7 (5.5)
Mass lesions 16 (8.7) 5 (8.9)                   11 (8.7)
Meckel's diverticulum   3 (1.6)                     0 (0) 3 (2.4)
Other   2 (1.0) 2 (3.6)                     0 (0)
Saurin’s Classification 0.043
P1   46 (66.7) 11 (91.7) 35 (61.4)
P2   23 (33.3) 1 (8.3) 22 (38.6)
Blood in GI tract   23 (12.6) 3 (5.4) 20 (15.7) 0.051
Blood with no lesions 14 (7.7) 1 (1.8) 13 (10.2)
Adequate small bowel cleansing 142 (77.6) 44 (78.6) 56 (44.1)                     0.83

1t-test: χ 2 test, as appropriate; P value of 0.05 indicating statistical significance. CE: Capsule endoscopy; PMW: Premenopausal women; MW: Menopausal 
women; Saurin et al[7] Classification: Positive-P2 (high potential for bleeding) and negative-P1 (uncertain hemorrhagic potential).

Figure 1  Capsule endoscopy of menopausal women with milimetric 
erosions in the jejunum.
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Table 4  Capsule endoscopy outcomes in all patients, and between premenopausal and menopausal groups n  (%)

TY was significantly higher in MW (17.3%, n = 22) 
compared to PMW (1.8%, n = 1) (p = 0.003).

The rebleeding rate was significantly higher in MW 
(p = 0,031). Considering a follow-up period of 1, 3 and 
5 years, MW had a significantly higher rebleeding rate 
(MW 22.0%; 32.3%; 34.2% vs PMW 3.6%; 10.2%; 
10.2%) (p = 0.001) (Table 4 and Figure 3).

In the MW group hospitalization due to OGIB was 
higher (MW-9.4%, PMW-1.8%). Mortality due to OGIB 
in MW was 1.6%, and there was no death in PMW. 
There was no significant differences between groups 
concerning hospitalization (p = 0.063) and mortality (p 
= 0.345).

DISCUSSION
OGIB, particularly IDA is the most frequent indication 
(66%) for CE study[20]. Several studies on the DY 
of CE in IDA were performed. A systematic review 
from Koulaouzidis et al[21] showed a pooled CE DY for 
detection of small bowel findings of 46%. The literature 
on CE findings and DY in MW and PMW is sparse and 
in fact evidence from CE DY in OGIB is heterogeneous 
and lies in two types of study designs: those specifically 
designed to evaluate the role of CE in patients with IDA 
and those that investigated patients with a wider range 
of indications including overt GI bleeding.

In our study, the DY of CE in MW was significantly 

higher compared to PMW. TY and the rebleeding rate 
were also higher while time to rebleed was lower in 
female patients with post-menopausal status. A retro
spective study of Garrido-Durán et al[15] documented 
a DY of CE of 55.0% and 13.7% in MW and PMW 
respectively. More recently a multicentric retrospective 
study from Perrod et al[10] obtained similar results, with 
34.0% for MW and 15.0% for PMW. These results do not 
substantially differ from our data, regarding DY of CE in 
OGIB. Nor Garrido-Duran’s nor Perrod’s studies evaluated 
TY, rebleeding, time to rebleed, hospitalization nor 
mortality. In our study MW had more frequently small 
bowel lesions eligible for endoscopic treatment. There 
is quite sparse literature in the TY of CE, the rebleeding 
rate and time to rebleed due OGIB in females comparing 
pre and post menopause periods. Nevertheless those 
variable were extensively studied in patients submitted 
to CE[13,18,19,22,23]. The fact that MW had a higher rate 
of comorbidities and consumption of anticoagulants, 
antiplatelet and NSAIDs may partially explain the higher 
DY, TY and rebleeding rate. 

Angiodysplasias were the main findings in CE studies 
of both groups. Previously published papers comparing 
PMW and MW had the same outcomes[10,15].

The main achievement of the present study is to 
bring to evidence the poor results of OGIB investigation 
through CE in PMW, making clear the need of exclusion 
of gynecological pathology in this subset of patients[24]. 
In this population, IDA is often related to gynecological 
symptoms and gastrointestinal lesions are diagnosed in 
less than 20% after endoscopic explorations[25].

The present study has some limitations. It has a 
retrospective design with a small number of patients, 
therefore a prospective assessment of CE DY in females 
before and after menopause is warranted. The patients 
enrolled in the present study were not assessed in a 
Gynecology appointment in order to confirm menopause 
diagnosis. 

In conclusion PMW with suspected OGIB are less 
likely to have significant findings in CE. The lower rates 
of positive findings may be related to gynecological 
comorbidities, which must be previously excluded. In 
this group the DY, TY and rebleeding were significantly 
lower while time to rebleed was higher. 

No. of patients (n  = 183) All PMW
(30.6%, n  = 56)

MW
(69.4%, n  = 127)

P  value1

Diagnostic yield 98 (53.6) 17 (30.4) 81 (63.8)                < 0.001
Therapeutic yield 23 (12.6) 1 (1.8) 22 (17.3) 0.003
Rebleeding rate 46 (25.1) 5 (8.9) 41 (32.3) 0.031
Time to rebleed, yr 0.001

1 yr, 16.4 1 yr, 3.6 1 yr, 22.0
3 yr, 25.8 3 yr, 10.2 3 yr, 32.3
5 yr, 27.2 5 yr, 10.2 5 yr, 34.2

Hospitalization rate 13 (7.1) 1 (1.8) 12 (9.4) 0.063
Mortality rate   2 (1.0) 0 (0)   2 (1.6) 0.345

1t-test: χ 2 test, as appropriate; P value of 0.05 indicating statistical significance.

Figure 2  Kaplan-Meier curves according to the time to rebleed.
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ARTICLE HIGHLIGHTS
Research background
Findings of capsule endoscopy (CE) for obscure gastrointestinal bleeding 
(OGIB) investigation performed in females may vary substantially according 
to menopause status. In this paper we estimated and compared diagnostic 
yield (DY) of CE as well as its therapeutic yield (TY) and clinical outcomes in 
premenopausal women (PMW) and menopausal women (MW).

Research motivation
Negative CE may lead to increased health costs and delayed diagnosis when 
performed in patients who were not fully investigated, as OGIB is an exclusion 
diagnosis.

Research objectives
To compare the DY of CE for OGIB study and correlated this outcome with 
menopause presence.

Research methods
The DY, TY, rebleeding rate, hospitalization and mortality were calculated and 
compared according to menopausal status.

Research results
Postmenopausal age was associated with higher DY, need for endoscopic 
treatment, rebleeding, and hospitalization.

Research conclusions
PMW with suspected OGIB is less likely to have significant findings in CE. This 
suggests that fertile age women should be carefully studied, preferably by a 
multidisciplinary approach, before CE.

Research perspectives
Our study has a retrospective design with a small number of patients, so 
a prospective comparative assessment of CE findings between PMW and 
MW with a larger population is warranted. In addition routine evaluation by a 
Gynecologist may reduce the negative CE burden.
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Abstract
AIM
To systematically review safety/efficacy of therapeutic 
endoscopic-retrograde-cholangiopancreatography 
(ERCP) performed during pregnancy, considering fetal 
viability, fetal teratogenicity, premature delivery, and 
future postpartum development of the infant.

METHODS
Systematic computerized literature search performed 
using PubMed with the key words “ERCP” and “pre
gnancy”. Two clinicians independently reviewed the 
literature, and decided on which articles to incorporate 
in this review based on consensus and preassigned 
priorities. Large clinical trials, meta-analyses, systematic 
reviews, and controlled trials were assigned higher 
priority than review articles or small clinical series, and 
individual case reports were assigned lowest priority. Dr. 
Cappell has formal training and considerable experience 
in conducting systematic reviews, with 4 published 
systematic reviews in peer-reviewed journals indexed 
in PubMed during the last 2 years, and with a PhD in 
neurophysiology that involved 5 years of training and 
research in biomedical statistics. 



RESULTS
Advances in imaging modalities, including abdominal 
ultrasound, MRCP, and endoscopic ultrasound, have 
generally obviated the need for diagnostic ERCP in non-
pregnant and pregnant patients. Clinical experience 
with performing ERCP during pregnancy is burgeoning, 
with > 500 cases of therapeutic ERCP reported in the 
literature, aside from a national registry study of 58 
patients. These studies show that therapeutic ERCP 
has a very high rate of technical success in clearing 
the bile duct of gallstones, and has a relatively low and 
acceptable rate of maternal and fetal complications. 
The great majority of births after therapeutic ERCP are 
full-term, have normal birth weights, and are healthy. 
A recent trend is performing ERCP without radiation to 
eliminate radiation teratogenicity. Systematic literature 
review reveals 147 cases of ERCP without fluoroscopy in 
8 clinical series. These studies demonstrate extremely 
high technical success in endoscopically removing cho
ledocholithiasis, favorable maternal outcomes with 
rare maternal ERCP complications, and excellent fetal 
outcomes. ERCP without fluoroscopy generally confirms 
proper biliary cannulation by aspiration of yellow bile 
per sphincterotome or leakage of yellow bile around an 
inserted guide-wire.

CONCLUSION
This systematic literature review reveals ERCP is relatively 
safe and efficacious during pregnancy, with relatively 
favorable maternal and fetal outcomes after ERCP. 
Recommendations are provided about ERCP indications, 
special ERCP techniques during pregnancy, and pros
pects for future research.

Key words: Minimally invasive therapy; Endoscopy; 
Ascending cholangitis; Therapeutic endoscopic-
retrograde-cholangiopancreatography; Pregnancy;  
Radiation teratogenicity

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This work systematically reviews safety/
efficacy of therapeutic endoscopic-retrograde-
cholangiopancreatography (ERCP) performed during 
pregnancy, considering fetal viability, fetal teratogenicity, 
premature delivery, and future development of the infant 
after parturition. Systematic computerized literature 
search was performed using PubMed with key words 
“ERCP” and “pregnancy”. Two clinicians independently 
reviewed the literature, and decided on which articles 
to incorporate in this review based on pre-arranged 
prioritization and consensus. Clinical experience with 
performing ERCP during pregnancy is burgeoning, 
with > 500 cases of therapeutic ERCP reported in the 
literature, plus a national registry study of 58 patients. 
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INTRODUCTION
Endoscopic-retrograde-cholangiopancreatography 
(ERCP) is currently the standard technique for treating 
choledocholithiasis and associated complications, such 
as cholangitis and biliary stricture, in the non-pregnant 
population. The approach to pregnant women with 
suspected choledocholithiasis, however, differs somewhat 
from that for non-pregnant patients because of concerns 
about the pregnant mother and the fetus, including 
procedure time, teratogenicity of intra-procedural 
medications, and fetal radiation exposure. This work 
systematically reviews ERCP during pregnancy, with a 
particular focus on differences between the pregnant 
vs non-pregnant patient in patient indications, patient 
preparation, procedural medications, complications, 
reducing fetal radiation exposure, and maternal and fetal 
outcomes. 

MATERIALS AND METHODS
Systematic computerized literature search was per
formed using PubMed with the key words “ERCP” and 
“pregnancy”. Two clinicians independently reviewed the 
literature, and decided on which articles to incorporate 
in this review based on consensus. Large clinical trials, 
meta-analyses, systematic reviews, and controlled trials 
were assigned higher priority than review articles or small 
clinical series, and individual case reports were assigned 
the lowest priority. Data were extracted independently 
by 2 authors to prevent errors in data extraction. Dr. 
Cappell has formal training and considerable experience 
in conducting in conducting systematic reviews, with 4 
published systematic reviews in peer-reviewed journals 
indexed in PubMed during the last 2 years, and with 
a Ph.D. in neurophysiology that involved 5 years of 
training and research in biomedical statistics. 

RESULTS
Pathophysiology of cholelithiasis and 
choledocholithiasis
Up to 20% of American adults have cholelithiasis, of 
whom about 20% develop symptoms or complications 
during their life-time[1,2]. About 750000 cholecystectomies 
are performed annually in America. Risk factors for cho
lelithiasis include advanced age, female gender, obesity, 
hyperlipidemia, pregnancy, and physical inactivity[2]. 
Symptoms and complications increase in frequency 
when gallstones are present > 5 years, and when 
they are > 10 mm in diameter[3]. The pathophysiology 
of pregnancy-related lithogenicity includes bile super
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saturated with cholesterol, increased gallbladder 
volume, diminished gallbladder motility, and changes 
in the bile salt pool[4-7]. These gestational changes are 
largely mediated by increased levels of the gestational 
hormones of estrogen and progesterone[4].

Epidemiology
The prevalence of cholelithiasis during pregnancy 
varies with the study population. A study performed in 
India noted only a 1% prevalence[8], whereas a study 
performed in a Californian Hispanic cohort reported a 5% 
prevalence[9]. Both cohorts were asymptomatic at study 
initiation. A prospective study of abdominal ultrasound 
among > 3000 pregnant subjects without cholelithiasis 
detected at baseline showed 5% developed cholelithiasis 
by the second trimester, and 10% developed cholelithiasis 
by six weeks postpartum[10]. About 1% of this cohort 
developed symptoms from cholelithiasis. A Mexican 
study noted that symptomatic gallstone disease during 
pregnancy usually manifests as acute cholecystitis, even 
though 19% had choledocholithiasis[11]. Cholelithiasis 
and hypertriglyceridemia are the primary etiologies of 
pancreatitis during pregnancy[12,13], whereas alcohol-
induced pancreatitis is unusual during pregnancy because 
expectant mothers generally abstain from alcohol due to 
its fetal toxicity[14]. Cholelithiasis and choledocholithiasis 
are sometimes encountered during pregnancy because 
female gender, concurrent pregnancy, and prior 
pregnancy are risk factors for cholelithiasis. Fortunately, 
the endoscopist is infrequently required to perform ERCP, 
with its attendant risks during pregnancy, because ERCPs 
can often be delayed to postpartum because patients 
have minimal clinical findings or can directly undergo 
cholecystectomy without antecedent ERCP for acute 
cholecystitis. 

Special concerns and modifications of ERCP during 
pregnancy
The unique maternal and fetal physiologic requirements 
during pregnancy affect the usual practice of ERCP. The 
unique maternal and fetal physiologic requirements 
during pregnancy affect the usual practice of ERCP. 
ERCP in non-pregnant patients is usually performed with 
the patient in the prone position to aid in selective bile 
cannulation and to provide better fluoroscopic imaging 
compared to other positions. However, this position is 
not recommended during advanced pregnancy for the 
following reasons: to avoid patient discomfort from 
the enlarged, gravid uterus pressing against the hard 
X-ray platform, to avoid decreased systemic and uterine 
perfusion from the enlarged gravid uterus compressing 
the aorta, and to avoid decreased venous return from 
the enlarged gravid uterus compressing the inferior vena 
cava[15]. Patients may also require supporting cushions 
during advanced pregnancy to minimize patient dis
comfort. Rapid intra-procedural infusion of Ⅳ fluids is 
generally recommended to promote pancreatic perfusion 
and decrease the incidence and severity of post-ERCP 

pancreatitis, but may be inadvisable during pregnancy 
because of the already expanded extravascular space 
and salt retention during pregnancy[16]. However, the 
fetus poorly tolerates maternal systemic hypotension 
because blood flow is shunted away from the uterus 
during maternal hypotension[17], and maternal hypo
tension should, therefore, be aggressively treated, if 
feasible, before performing ERCP. As for all patients 
undergoing ERCP, the pregnant patient should have her 
vital signs stabilized, electrolyte disorders corrected, 
and major disorders such as sepsis, hypovolemia, and 
hypoxemia addressed before undergoing ERCP. As in 
the general population all pregnant patients undergoing 
anticipated therapeutic ERCP should have a complete 
hemogram and prothrombin/international normal ratio 
determination. It is important to test for pregnancy 
with a beta-HCG determination in women who are 
undergoing ERCP, are of childbearing age, and have a 
recent pregnancy history that is uncertain or suggestive 
of early pregnancy to avoid inadvertent fetal radiation 
exposure[18].

The mother should be maintained nil per os (NPO) 
for at least 6 h before ERCP to reduce risks of aspiration 
of gastric contents. Elective endotracheal intubation 
should be strongly considered before ERCP, especially 
during advanced pregnancy, because the gravid uterus, 
impinges upon the stomach and increases the risk of 
aspiration of gastric contents[19]. It may, moreover, 
be necessary to perform ERCP in the supine position, 
especially during advanced pregnancy, which can 
further increase aspiration risks[20]. The mother can 
typically be extubated soon after ERCP in the absence 
of chronic pulmonary disease. 

The American Society for Gastrointestinal Endos
copy promulgated guidelines for endoscopy during 
pregnancy, including ERCP, which incorporate safety 
data for commonly used endoscopic medications during 
pregnancy[21,22], as classified by the United States Food 
and Drug Administration (FDA) from A (most safe) to 
D (least safe), with a special category of X, for drugs 
contraindicated during pregnancy. The general principle 
is to avoid FDA category X and restrict FDA category 
D drugs, and substitute FDA category B or C drugs 
for category D drugs, if feasible, during pregnancy. 
Indomethacin suppositories are recommended for ERCP 
in patients at risk for pancreatitis, but indomethacin is 
an FDA category C drug, with concern about premature 
closure of a patent ductus arteriosus (PDA) in late 
pregnancy[22]. Propofol is considered safe (FDA category 
B), even though it crosses the placenta and causes 
transient fetal sedation. Meperidine is considered safer 
(FDA category B) than either fentanyl or morphine (both 
FDA category C). Moreover, meperidine causes minimal 
spasm of the sphincter of Oddi, whereas other narcotics 
may cause problematic spasm of this sphincter during 
ERCP. Midazolam is considered safer than diazepam, even 
though both are category D drugs because diazepam 
has been occasionally associated with cleft palate[23]. 
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Glucagon is used to reduce intestinal spasm and is 
believed to be generally safe during pregnancy (FDA 
category B)[24]. Glucagon administration may be justifiable 
during ERCP if needed to cannulate the choledochus 
during therapeutic ERCP to prevent maternal cholangitis 
from choledocholithiasis, but glucagon administration can 
usually be obviated by prompt choledochal cannulation by 
an expert endoscopist. Simethicone is used to eliminate 
troublesome intraluminal bubbles and is believed to be 
relatively safe during pregnancy (FDA category C)[25]. 
It should, however, be used only if necessary during 
ERCP. Informed patient consent for ERCP should include 
a discussion regarding fetal safety during pregnancy, 
including fetal toxicity from radiation exposure. In terms 
of antibiotics, penicillins/cepholosporins/macrolides are 
generally safe, provided no hypersensitivity occurs, but 
quinolones/tetracyclines/sulfonamides/Flagyl are not 
safe[25].

The management of pregnant women with pancrea
ticobiliary disease requires a multidisciplinary approach, 
with a clinical team including a gastroenterologist, 
obstetrician/perinatologist, radiation safety officer, and 
anesthesiologist, who preferably specializes in obstetric 
anesthesiology. The requisite experience and expertise 
is typically found in a tertiary, academic medical center. 
The gastroenterologist should have significant expertise 
and experience in ERCP to be best equipped to deal with 
the challenges and risks of ERCP during pregnancy. The 
qualifications of an experienced advanced therapeutic 
endoscopist have not been standardized, but may 
include both a > 90% bile duct cannulation rate[26], and 
an adequate annual volume of therapeutic ERCPs (> 40 
sphincterotomies per year)[27]. One study demonstrated 
that low volume ERCP-endoscopists exposed their 
patients to significantly more radiation during ERCP than 
high volume ERCP-endoscopists[28]. An experienced 
endoscopist is more likely to minimize procedural time, 
anesthesia dosages, and radiation time. An inexperienced 
gastroenterology fellow should play a limited role in 

this situation. The anesthesiologist should be in attend
ance during the entire ERCP, and not rely on a nurse 
anesthetist for administering sedation. The surgeon plays 
a critical role in the timing of cholecystectomy, and in 
providing backup for emergency CBD exploration or for 
complications after ERCP[29].

Electrocautery is a concern during pregnancy. Am
niotic fluid readily conducts electricity which can reach 
the fetus[21,30]. Biliary sphincterotomy should use only 
bipolar current to decrease scatter of electricity. Biliary 
sphincterotomy, if necessary during ERCP, should use 
minimal cautery with the grounding pad placed on the 
right side, such as the right arm or right posterior thorax, 
to minimize electrical conduction to the fetus[22,31]. 
Strategies to avoid electrocautery include inserting a 
biliary stent without cautery, but this can be problematic 
unless delivery is imminent because of a long-term 
potential for stent clogging. Balloon sphincteroplasty is 
an alternative to sphincterotomy, but this maneuver can 
induce pancreatitis[32]. General principles of ERCP during 
pregnancy are summarized in Table 1.

Fetal radiation exposure is a significant concern 
because of its potential teratogenic effects and subsequent 
carcinogenetic effects. Fetal radiation exposure and 
toxicity depends upon multiple factors, including mater
nal size, maternal distribution of fat, volume of amniotic 
fluid, fetal gestational age, and radiation delivery 
method. The most important factors determining fetal 
exposure are total radiation time and dosage, both of 
which should be minimized. Draping the lower abdomen 
and pelvis of patients with lead shields helps minimize 
uterine exposure[21]. Lead shielding is best placed below 
the patient because radiation typically emanates from 
below[21]. However, radiation scatter within the mother is 
likely the main source of fetal radiation exposure[33]. Static 
(spot) films are recommended instead of continuous 
fluoroscopy to decrease radiation exposure[34]. Also 
recommended are a modern radiation source, a well 
collimated unit, and avoidance of “hard-copy” images 

Table 1  General principles of endoscopic retrograde cholangiopancreatography during pregnancy

1. Counsel patient, husband, and family on risks vs benefits of ERCP for mother as well as fetus
2. Obtain written informed consent from pregnant patient (not the father)
3. Endoscopist should assess whether his/her experience and skill is adequate for dealing with anticipated biliary pathology in a pregnant patient with 
this medical history
4. Position patient on left side or supine, if possible, especially during advanced pregnancy
5. Preferentially perform ERCP during second trimester, if possible
6. During late third trimester, delay elective ERCP to after delivery
7. Use safety guidelines (see Table 2) to minimize fetal radiation exposure and risks
8. Consider performing EUS prior to ERCP to assess CBD diameter as well as number, size, and shape of gallstones
9. Multidisciplinary input involving a perinatologist, high-risk obstetrician, obstetric anesthesiologist, radiation safety officer, and surgeon prior to ERCP
10. Administer parenteral fluids consistent with clinical status and pregnancy requirements
11. Reverse metabolic derangements and appropriately intervene to correct abnormalities in vital signs before scheduling ERCP
12. Administer antibiotics and other drugs during ERCP that are considered relatively safe during pregnancy
13. Endoscopist should be familiar with and prepared to use full armamentarium of endoscopic techniques including needle-knife sphincterotomy, 
transeptal sphincterotomy, choledochoscopy, and IDUS
14. Counsel patients regarding requirements for follow-up visits, especially with stent placement
15. Avoid pancreatic endotherapy during ERCP because this entails a higher risk than biliary endotherapy

ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic ultrasound; CBD: Common bile duct; IDUS: Intraductal ultrasound. 
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Table 2  Maximizing radiation safety of endoscopic retrograde cholangiopancreatography during pregnancy

that require higher radiation dosage[21]. A radiation 
safety officer can provide valuable input. Dosimetry 
monitors can be placed externally on top of the uterus 
to monitor fetal radiation exposure. In one case, this 
device demonstrated low radiation exposure to the 
fetus, and higher radiation exposure to the maternal 
placenta and spleen[35]. Radiation exposure often exceeds 
10 millisievert (mSv) during prolonged ERCP[33]. With 
recommended precautions, fetal radiation exposure 
during ERCP should be uniformly < 50-100 mSv, which is 
considered the radiation threshold for teratogenesis[21,36]. 
Techniques to reduce radiation exposure are summarized 
in Table 2.

Fetal radiation exposure is particularly concerning 
during early pregnancy. Radiation exposure to > 200 
mGy could result in growth restriction and congenital 
anomalies, especially of the eyes, skeleton, and geni
talia[31]. Thus, semi-elective ERCP should be deferred 
to the second trimester when feasible. Untoward 
outcomes of ERCP–related radiation exposure is not well 
studied, and they may conceivably manifest only later in 
childhood. Regardless, radiation exposure should be well 
documented, if feasible, for retrospective analysis[37]. One 
study suggested this documentation was unnecessary 
because of low teratogenicity risk, but this study used 
limited fluoroscopy time[38].

Outcomes and complications of therapeutic ERCP 
during pregnancy
Outcome analysis regarding ERCP during pregnancy 
should consider technical procedural success, fetal 
outcomes, neonatal health, and birth weight. In a rela
tively large, retrospective, study of 68 ERCPs during 65 
pregnancies, technical success was uniformly achieved[39]. 
Although 11 patients (16%) developed pancreatitis after 
ERCP, no other major complications occurred, including 
maternal hemorrhage, gastrointestinal perforation, or 
ascending cholangitis; maternal or fetal deaths; and 
fetal malformations. ERCPs performed during the first 
trimester had relatively worse fetal outcomes. Fifty-
three patients (90%) had a full–term pregnancy after 
ERCP, but mothers undergoing ERCP during the first 
trimester had only 73% of deliveries at term, a higher 
risk of preterm delivery (20%), and higher risk of low-
birth-weight infants (21%). In a series of 20 patients 
undergoing therapeutic ERCPs during pregnancy, 
there was one neonatal death 26 h after delivery that 
occurred in a patient who had undergone three thera
peutic ERCPs during pregnancy with pancreatic duct 
stenting at each session for pancreatic duct stenosis 
after surgical sphincteroplasty[15]. This patient had 
developed acute pancreatitis after each of her 3 ERCPs. 
Another mother suffered spontaneous abortion 3 wk 

1. Highly qualified and experienced ERCP endoscopist
2. Limited (solely observational) role of inexperienced gastroenterology fellow during ERCP
3. Informed consent to include discussion of radiation teratogenicity
4. Consult perinatologist
5. Consult radiation safety officer and medical physicist, if available, to minimize fetal radiation exposure 
6. Endoscopist performing ERCP should become familiar with fluoroscopy equipment, especially with options to minimize radiation exposure 
7. Formal consultation of anesthesiologist before ERCP
8. Anesthesiologist to attend during entire ERCP, even if nurse-anesthetist is present 
9. Consider using an obstetric anesthesiologist rather than a general anesthesiologist for ERCP
10. Avoid ERCP for weak indications
11. Avoid solely diagnostic ERCP
12. Strongly consider MRCP as an alternative for diagnostic ERCP in low yield indications
13. Obtain informed, written consent that includes discussion of risks of fetal radiation
14. Perform ERCP at a hospital endoscopy unit rather than an ambulatory center in order to better manage procedural complications
15. Perform ERCP at a tertiary hospital rather than a community hospital where highly specialized consultants are likely to be present 
16. Perform ERCP as expeditiously as possible to minimize radiation exposure and anesthesia medications 
17. Employ modern and highly collimated radiation unit with the smallest possible field
18. Position patient as far as possible from radiation source consistent with reasonable images
19. If possible, employ “low-dose” radiation protocol in terms of kvp, field size, and frame rate
20. Place lead shield underneath patient between likely fetal area and radiation tube 
21. Place dosimeters on patient above expected uterine location and record fluoroscopy time and total radiation dosage
22. Minimize procedure time, procure all anticipated endoscopy equipment within endoscopy room before beginning the procedure
23. Employ static images as opposed to continuous fluoroscopy to reduce radiation exposure
24. Use digital image acquisition technology if possible, instead of film-screen radiography
25. Position patient to permit anterior-posterior beam projection
26. Avoid image magnification
27. Employ last image-hold or fluoroscopy loop recording feature when possible rather than additional fluoroscopy
28. Consider radiation-free ERCP in conjunction with other techniques such as temporary stenting and, if needed, needle-knife and transpapillary 
sphincterotomy
29. Document ductal clearance without radiation using IDUS or choledochoscopy
30. X-ray image receptor should be placed as close as possible to the patient
31. Adjust patient position between choices of supine, prone, or lateral to minimize fetal radiation exposure

ERCP: Endoscopic retrograde cholangiopancreatography; kVp: Peak kilovoltage; IDUS: Intraductal ultrasound.
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after ERCP. There were no other significant maternal or 
fetal complications.

A national cohort study of 58 pregnant women under
going ERCP vs a three-fold larger control population of 
non-pregnant women demonstrated that the major ERCP 
complications of gastrointestinal perforation, hemorrhage, 
or infection were not more common during pregnancy, 
but post-ERCP pancreatitis was significantly increased 
during pregnancy at 12% vs 5% (adjusted odds ratio: 
2.8, 95%CI: 2.1-3.8). This increased rate is attributed 
to avoiding fluoroscopy to verify wire and catheter 
position and to time pressure to expeditiously perform 
ERCP during pregnancy[40-42]. This work is important in 
that it represents the largest study heretofore on ERCP 
during pregnancy, but is subject to limitations including 
lack of data on patient comorbidities, maternal alcohol 
or illicit drug use, endoscopic complications, type of 
ERCP (diagnostic vs therapeutic), ERCP indications, and 
use or lack of monitored anesthesia care[43]. Also, as 
aforementioned, usual measures to minimize pancreatitis 
after ERCP, such as high volume IV fluid infusion, in
domethacin suppositories, and pancreatic stents are 
infrequently used during pregnancy. A recent large, 
multicenter, study demonstrated that endoscopy during 
pregnancy is associated with an increased risk of preterm 
birth or small size for gestational age, but no increased 
risk of stillbirths or congenital malformations[40-42].

In a series of 18 women undergoing ERCP with biliary 
sphincterotomy for choledocholithiasis, one patient 
had a postsphincterotomy bleed and one patient had 
mild pancreatitis after ERCP and had preterm labor, but 
fetal outcomes were all favorable[44]. Scant data exist 
on long term postpartum follow-up after intrapartum 
ERCP, but this study of 18 women reported normal child 
development at 6 years[44]. Generally, therapeutic ERCP 
is believed to be relatively safe and effective during 
pregnancy, though safety concerns are increased during 
the first trimester, and there appears to be an increased 
risk of maternal pancreatitis after ERCP during 
pregnancy.

Two relatively large systematic reviews, one published 
in full[45], and the other published as an abstract[46], 
show that ERCP during pregnancy is relatively safe. In 
a systematic literature review performed by Cappell in 
2011[45], 296 pregnant patients underwent therapeutic 
ERCP. Fetal outcomes as reported in 254 cases (86%) 
included: healthy infants at birth in 237, prematurely 
born infants with low birth weight in 11, late spontaneous 
abortions in 3, infant death soon after birth in 2, and 
voluntary abortion in 1. Perinatal mortality was only about 
1% despite pregnant mothers undergoing therapeutic 
ERCP mostly for major gallstone complications, such as 
obstructive jaundice, ascending cholangitis, or gallstone 
pancreatitis. Moreover, no congenital anomalies were 
reported in the infants. However, these very favorable 
outcomes must be interpreted cautiously because 
most of the reviewed studies reported outcome only 
at parturition without subsequent follow-up, and fetal 
outcome data was absent in 15% of the pooled study 

patients.
A systematic literature review of 214 ERCP’s during 

pregnancy, published only as an abstract, reported a 5% 
pancreatitis rate, a 5% preterm birth rate, and about a 
1% rate of spontaneous abortions[46]. Technical success 
of ERCP was high, even though >10% had to undergo 
stent placement and/or multiple ERCPs. These data 
on the largest individual studies and prior systematic 
reviews are summarized in Table 3.

DISCUSSION
Recommendations
In the general population solely diagnostic ERCP is not 
recommended anymore, and has been replaced by less 
invasive tests such as endoscopic ultrasound (EUS); 
and magnetic resonance cholangiopancreatography 
(MRCP)[47]. ERCP is not recommended unless it is most 
likely to be therapeutic. The same principle applies during 
pregnancy: solely diagnostic ERCP is not recommended 
during pregnancy.

During the past 30 years, therapeutic ERCP during 
pregnancy has evolved from a novelty described in case 
reports to accepted practice with refinement of endoscopic 
techniques paralleling greater clinical experience, better 
technology, and greater technical expertise[21,31,48-51]. 
Progress in ERCP has been paralleled by advances in 
laparoscopic cholecystectomy. The first ERCP during 
pregnancy was a report in 1990 of five successful cases 
of biliary sphincterotomy and gallstone extraction for 
choledocholithiasis or cholangitis[48]. An estimated 500 
or more women have been reported undergoing ERCP 
during pregnancy, aside from a national registry study of 
58 patients[42]. Considerations in performing ERCP during 
pregnancy include clinical indication, maternal clinical 
status, laboratory results, ancillary radiologic studies, fetal 
age, endoscopist expertise, and hospital support. Risks vs 
benefits should be assessed for every high risk endoscopic 
procedure during pregnancy, especially ERCP[45]. Patients 
with documented choledocholithiasis associated with 
gallstone pancreatitis, cholangitis, jaundice, significant 
abdominal pain, pyrexia, leukocytosis, common bile 
duct dilatation on imaging studies, or grossly abnormal 
liver function tests need urgent ERCP, just like non-
pregnant patients[52]. Patients with significantly elevated 
liver enzymes and/or a dilated CBD are more likely to 
harbor choledocholithiasis than patients without these 
features[53]. Preoperative ERCP is preferred over the 
alternative of direct cholecystectomy for these indications 
to avoid the increased morbidity and mortality from 
complex biliary surgery during cholecystectomy[54]. 
However, the indication for ERCP is more ambiguous in 
minimally symptomatic or asymptomatic patients with 
choledocholithiasis. Evaluation and therapy for uncom
plicated cholelithiasis discovered during pregnancy 
is generally deferred until postpartum. Most patients 
with acute cholecystitis during pregnancy undergo 
cholecystectomy without preoperative ERCP[55]. Indeed. 
cholecystectomy for acute cholecystitis is the third most 

Cappell MS et al . Therapeutic ERCP during pregnancy: Safety and efficacy
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common non-obstetric operation performed during 
pregnancy[56].

The diagnostic armamentarium for suspected cho
ledocholithiasis in pregnancy differs from the general 
approach in non-pregnant patients in that radiation-
based imaging, such as abdominal CT, is not employed. 
Transabdominal ultrasound is relatively inexpensive and 
safe during pregnancy and is typically the initial imaging 
test. MRCP is especially useful during pregnancy, but 
raises a concern about a negative exam in the face of 
disparate clinical and laboratory findings[57]. In one small 
series, MRCP obviated the need for ERCP in pregnant 
women with pancreatobiliary abnormalities[58]. EUS is 
safe in pregnancy and highly accurate, but commits 
the patient to an endoscopy during pregnancy with 
its inherent procedural and sedation risks. However, 
a negative EUS examination can obviate ERCP with 
its greater attendant risks[59]. EUS also provides data 
on number, size, location, and morphology of choledo
cholithiasis for patients requiring ERCP.

Pregnancy stage and fetal development are para
mount considerations in the timing of ERCP. ERCPs and 
cholecystectomies are generally best performed during 
the second trimester, after organogenesis during the 
first trimester and before the third trimester with its 

increased risk of premature delivery[45,60]. Postpartum 
ERCP is the best option if delay is feasible. 

The prospect of ERCP often promotes anxiety in both 
the mother and endoscopist. Recent studies still show 
some risks of ERCP during pregnancy[48,61]. The large 
series by Tang et al[39] reported that ERCP can be safely 
performed throughout pregnancy, but may somewhat 
impact fetal health when performed during early ges
tation. An early multicenter series, including 15 first 
trimester ERCPs (FTE), demonstrated technical success, 
but had complications of one spontaneous abortion and 
one neonatal death[15]. Another series with dedicated 
obstetric input and lead shielding demonstrated good 
technical success and good fetal outcome, though only 
one FTE was performed[62]. An Indian series had 4 FTE’s, 
trivial fluoroscopy time, and a six year child follow-up[46]. 
The two series by Smith et al[38] and Kahaleh et al[63] were 
notable for limited fluoroscopy time, technical success, 
and good fetal outcomes, though two women developed 
eclampsia during the third trimester after undergoing 
ERCP. These series noted a slightly higher rate of post-
ERCP pancreatitis than in the general population, in 
accord with cumulative data[40,41].

Most studies of ERCP during pregnancy are limited 
by relatively small study size, absence of controls, 

Table 3  Literature review of relatively large clinical studies on safety of endoscopic retrograde cholangiopancreatography during 
pregnancy

First author, yr, reference Study characteristics Findings

Tang SJ, 2009[39] Large retrospective study of 68 ERCPs 
performed during 65 pregnancies.

Pancreatitis occurred in 11 pregnant patients (16%) after ERCP. No other 
major maternal complications occurred during pregnancy. No fetal 

deaths and no fetal malformations occurred. After ERCP 53 patients had 
deliveries at term (90% rate for known delivery outcomes). However, ERCP 

performed during first trimester had less favorable outcomes: preterm 
delivery = 20%, and low-birth-weight infants = 21%

Ludvigsson JF, 2017[42] National cohort study in Sweden of 58 
pregnant patients undergoing ERCP 

included in a much larger study of 3052 
patients undergoing any gastrointestinal 

endoscopy during pregnancy.

Of 58 pregnant patients undergoing ERCP unfavorable fetal outcomes 
included: 3 (5.2%) preterm births, 0 (0%) stillbirths, 0 (0%) neonatal 

deaths, 12 (20.7%) Cesarean sections, 1 (1.7%) Apgar score < 7 at 5 min, 1 
(1.7%) small for gestational age, and 3 (5.2%) with any major congenital 

malformation. All these pregnancy outcomes were similar to that of 
pregnancy outcomes for mothers not undergoing endoscopy during 

pregnancy
Jamidar PA, 1995[15] Retrospective study of therapeutic ERCPs 

performed during 20 pregnancies.
Two significant complications: one spontaneous abortion 3 wk after ERCP, 

and 1 neonatal death 26 h. post-partum that occurred after the expectant 
mother underwent 3 therapeutic ERCPs during pregnancy with pancreatic 
stenting at each session complicated by post-ERCP pancreatitis. No other 

significant maternal or fetal complications
Gupta R, 2005[44] Retrospective study of therapeutic ERCPs 

performed during 18 pregnancies for 
choledocholithiasis.

Complications: 1 mild postsphincterotomy bleed; and 1 mild pancreatitis 
and preterm labor after ERCP. All fetal outcomes were favorable. This 

study had long-term follow-up after intra-partum ERCP: all 18 infants had 
normal child development at 6 yr

Cappell MS, 2011[45] Systematic literature review of 296 pregnant 
patients undergoing therapeutic ERCP 

including 254 (86%) in which fetal outcome 
was reported.

Fetal outcomes as reported in 254 cases included: healthy infants at birth in 
237, prematurely born infants with low-birth-weight in 11, late spontaneous 

abortions in 3, infant death soon after birth in 2, and voluntary abortion 
in 1. Perinatal mortality was only about 1% despite pregnant mothers 

undergoing therapeutic ERCP mostly for major gallstone complications, 
such as obstructive jaundice, ascending cholangitis, or gallstone 

pancreatitis. No congenital anomalies were reported in the infants. These 
favorable data must be interpreted cautiously: in this literature review, fetal 

outcome data were missing in 42 (15%) of reported mothers undergoing 
ERCP during pregnancy

ERCP: Endoscopic retrograde cholangiopancreatography.
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concomitant cholecystitis should undergo surgery as 
soon as feasible. A series of seven pregnant patients 
had good maternal and fetal outcomes after undergoing 
ERCP with biliary sphincterotomy, and stone extraction, 
followed by immediate cholecystectomy for biliary 
pancreatitis[76]. Delaying cholecystectomy may result 
in biliary complications later during pregnancy or 
postpartum[77,78]. 

A first trimester pregnant woman underwent con
current laparoscopic cholecystectomy and ERCP via a 
rendezvous technique wherein a wire was inserted by 
the surgeon via the cystic duct, through the CBD, and 
into the small intestine; the endoscopist accessed this 
wire for cannulation at ERCP[79]. This combined procedure 
resulted in technical success and favorable fetal outcome. 
This combined method should minimize risks of 
pancreatitis, but requires prolonged operative time and 
extra anesthesia medications for the twin procedures. 
One endoscopist performed his own rendezvous 
technique via EUS after failed biliary cannulation during 
standard ERCP, with good results for the mother and the 
fetus[80].

Future prospects
Pancreatic ERCP during pregnancy may be reported in 
the future[81]. Magnetic technology currently applied to 
detect endoscope position during endoscopy (especially 
colonoscopy) may conceivably be applied to wires and 
catheters during ERCP[82]. A meta-analysis would be 
clinically beneficial; it would likely demonstrate com
parable maternal and fetal outcomes with minimal 
radiation vs radiation-free ERCP. Clinical studies on 
efficacy of fetal heart rate monitoring during ERCP 
would be helpful. Data are sparse for ERCP during 
the first trimester. Long term follow-up data would be 
helpful on outcomes of children who received ERCP 
radiation in utero. Future technological improvements in 
ERCP may prove beneficial to the pregnant population.
A limitation of this review is that some of the data are 
from case reports which may be anecdotal and may 
be subject to reporting bias in that ERCP endoscopists 
may be more likely to report successful cases of ERCP 
during pregnancy. However, biases were minimized 

by systematically reviewing the literature. Errors in 
abstracting data from the literature were eliminated 
by two investigators independently reviewing all the 
analyzed publications. In conclusion, performance of 
ERCP during pregnancy is a substantial undertaking 
requiring endoscopist forethought, with potential use of 
multiple modalities including EUS. ERCP is generally safe 
during pregnancy. It should generally be avoided during 
the first trimester, and performed in the first trimester 
only for urgent and strong indications such as gallstone 
pancreatitis with documented choledocholithiasis, 
cholangitis, symptomatic choledocholithiasis, or jaundice. 
The endoscopist should frankly discuss procedural risks 
vs benefits with the patient. Radiation safety measures 
are paramount, as is the endoscopist’s experience and 
technical skills. Various strategies and technologies 
may enhance biliary cannulation and ductal clearance 
during ERCP. Radiation–free ERCP is ideal, but should 
not unduly increase procedural time and risk of com
plications, especially pancreatitis.

ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde cholangiopancreatography (ERCP) is currently the 
standard technique for treating choledocholithiasis and associated complications, 
such as cholangitis, biliary pancreatitis, and biliary stricture, in the non-pregnant 
population. The approach in pregnant women with suspected choledocholithiasis, 
however, differs somewhat from that for non-pregnant patients because of 
concerns about the pregnant mother and the fetus, including procedure time, 
teratogenicity of intraprocedural medications, and fetal radiation exposure. 

Research motivation
This work systematically collates the clinical data from the clinical studies, 
including the numerous small clinical series, to render these data accessible 
to clinicians. This work provides a systematic review of the rapidly evolving 
literature in this clinically booming field to provide highly important and clinically 
relevant updates on ERCP safety, efficacy, and recent technical improvements 
in pregnant patients.

Research objectives 
This work reports numerous techniques to reduce radiation exposure and 
other safety precautions to decrease fetal risk from ERCP during pregnancy. 
Indeed, this work discusses in detail radiation free ERCP during pregnancy to 
completely eliminate teratogenic risks of radiation.

Research methods
This review encompassed more than 500 cases published in small clinical 
series and scattered reports, in addition to 58 cases recently reported in a 
retrospective Swedish registry study. 

Research results 
This work focuses on techniques to improve ERCP safety during pregnancy, 
including analysis of the relatively recently introduced radiation-free ERCP to 
completely eliminate the potential for radiation teratogenicity. Radiation-free 
ERCP is shown to be a relatively safe, and efficacious technique. However, 
more clinical data are required on this promising technique. 

Research conclusions
This work shows that therapeutic ERCP is a reasonably safe therapy for the 
mother and the fetus during pregnancy, and it should be performed when 
indicated for symptomatic choledocholithiasis and its associated complications 
(including ascending cholangitis, gallstone pancreatitis, and biliary stricture) 

GS
US probe

Figure 1  Intraductal ultrasound: Showing a gallstone in the common bile 
duct.
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during pregnancy. This work confirms that solely diagnostic ERCP should 
generally not be performed during pregnancy due to the risks of fetal radiation 
teratogenesis and induction of early labor, and should be replaced by diagnostic 
MRCP or endoscopic ultrasound. ERCP should not be performed during 
pregnancy for asymptomatic stones because of potential fetal risks; ERCPs can 
often be delayed to postpartum because patients have minimal clinical findings, 
or patients can directly undergo cholecystectomy during pregnancy without 
antecedent ERCP for acute cholecystitis.

Research perspectives
More data are needed on radiation-free ERCPs. This work describes technique 
modifications for therapeutic ERCP during pregnancy to improve procedural 
safety. It is hoped that clinicians adapt these technique modifications during 
ERCP to further improve ERCP safety and efficacy during pregnancy. 

REFERENCES
1 	 Pak M, Lindseth G. Risk Factors for Cholelithiasis. Gastroenterol 

Nurs 2016; 39: 297-309 [PMID: 27467059 DOI: 10.1097/
SGA.0000000000000235]

2 	 Lammert F, Gurusamy K, Ko CW, Miquel JF, Méndez-Sánchez 
N, Portincasa P, van Erpecum KJ, van Laarhoven CJ, Wang DQ. 
Gallstones. Nat Rev Dis Primers 2016; 2: 16024 [PMID: 27121416 
DOI: 10.1038/nrdp.2016.24]

3 	 Shabanzadeh DM, Sørensen LT, Jørgensen T. A Prediction Rule 
for Risk Stratification of Incidentally Discovered Gallstones: 
Results From a Large Cohort Study. Gastroenterology 2016; 150: 
156-167.e1 [PMID: 26375367 DOI: 10.1053/j.gastro.2015.09.002]

4 	 Van Bodegraven AA, Böhmer CJ, Manoliu RA, Paalman E, Van 
der Klis AH, Roex AJ, Kruishoop AM, Devillé WL, Lourens J. 
Gallbladder contents and fasting gallbladder volumes during and 
after pregnancy. Scand J Gastroenterol 1998; 33: 993-997 [PMID: 
9759958 DOI: 10.1080/003655298750027047]

5 	 Kern F Jr, Everson GT, DeMark B, McKinley C, Showalter R, 
Erfling W, Braverman DZ, Szczepanik-van Leeuwen P, Klein PD. 
Biliary lipids, bile acids, and gallbladder function in the human 
female. Effects of pregnancy and the ovulatory cycle. J Clin Invest 

1981; 68: 1229-1242 [PMID: 7298849 DOI: 10.1172/JCI110369]
6 	 Bolukbas FF, Bolukbas C, Horoz M, Ince AT, Uzunkoy A, Ozturk 

A, Aka N, Demirci F, Inci E, Ovunc O. Risk factors associated 
with gallstone and biliary sludge formation during pregnancy. J 
Gastroenterol Hepatol 2006; 21: 1150-1153 [PMID: 16824067 
DOI: 10.111/j.1440-1746.2006.04444.x]

7 	 de Bari O, Wang TY, Liu M, Paik CN, Portincasa P, Wang DQ. 
Cholesterol cholelithiasis in pregnant women: pathogenesis, 
prevention and treatment. Ann Hepatol 2014; 13: 728-745 [PMID: 
25332259]

8 	 Anita C, Kumar P, Malathi S, Udayakumar N, Jayanthi V. 
Gallstones in pregnancy--a prevalence study from India. J Clin 
Gastroenterol 2008; 42: 1065-1066 [PMID: 18596540 DOI: 
10.1097/MCG.0b013e318074dd88]

9 	 Hansen GC ,  Duerinckx AJ, Fymat A, Wong L, Ngo C. 
Cholelithiasis in the gravid Hispanic population. J Clin Ultrasound 
1994; 22: 187-191 [PMID: 8169240 DOI: 10.1002/jcu.1870220308]

10 	 Ko CW, Beresford SA, Schulte SJ, Matsumoto AM, Lee SP. 
Incidence, natural history, and risk factors for biliary sludge and 
stones during pregnancy. Hepatology 2005; 41: 359-365 [PMID: 
15660385 DOI: 10.1002/hep.20534]

11 	 Álvarez-Villaseñor AS, Mascareño-Franco HL, Agundez-Meza 
JJ, Cardoza-Macías F, Fuentes-Orozco C, Rendón-Félix J, Chávez-
Tostado M, Irusteta-Jiménez L, García-Rentería J, Contreras-
Hernández GI, González-Ojeda A. Cholelithiasis during pregnancy 
and postpartum: prevalence, presentation and consequences in a 
Referral Hospital in Baja California Sur. Gac Med Mex 2017; 153: 
159-165 [PMID: 28474701]

12 	 Luo L, Zen H, Xu H, Zhu Y, Liu P, Xia L, He W, Lv N. Clinical 
characteristics of acute pancreatitis in pregnancy: experience based 
on 121 cases. Arch Gynecol Obstet 2018; 297: 333-339 [PMID: 
29164335 DOI: 10.1007/s00404-017-4558-7]

13 	 Xu Q, Wang S, Zhang Z. A 23-year, single-center, retrospective 
analysis of 36 cases of acute pancreatitis in pregnancy. Int J 
Gynaecol Obstet 2015; 130: 123-126 [PMID: 25983209 DOI: 
10.1016/j.ijgo.2015.02.034]

14 	 Pruett D, Waterman EH, Caughey AB. Fetal alcohol exposure: 
consequences, diagnosis, and treatment. Obstet Gynecol Surv 2013; 

Figure 2  Approach to biliary disease during pregnancy. Patient diagnostic and treatment algorithm depending upon three different clinical presentations. ERCP: 
Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic ultrasound; MRCP: Magnetic resonance cholangiopancreatography.

Start antibiotics (safe during pregnancy)

ERCP +/- EUS
Consider cholecystectomy

+ Choledocholithiasis

- Choledocholithiasis

Worsening clinical course
and

Liver function tests not improving

EUS & ERCP, Start antibiotics, 
consider cholecystectomy

+ Choledocholithiasis (temporize if early pregnancy or near due data)

- Choledocholithiasis Continue to monitor
MRCP

MRCP

Mildly abnormal liver function tests
+/- dilated common bile duct
no or minimal abdominal pain
cholangitis unlikely

or

Documented choledocholithiasis
and

Cholangitis

Gallstone pancreatitis
and

No documented gallstone pancreatitis
and

Gallstone pancreatitis

Jaundice (or other
significant symptoms)

Dilated common bile
duct

Abnormal liver
function tests

Abdominal pain

or

or

or

Cappell MS et al . Therapeutic ERCP during pregnancy: Safety and efficacy



319 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

68: 62-69 [PMID: 23322082 DOI: 10.1097/OGX.0b013e31827f238f]
15 	 Jamidar PA, Beck GJ, Hoffman BJ, Lehman GA, Hawes RH, 

Agrawal RM, Ashok PS, Ravi TJ, Cunningham JT, Troiano F. 
Endoscopic retrograde cholangiopancreatography in pregnancy. 
Am J Gastroenterol 1995; 90: 1263-1267 [PMID: 7639227]

16 	 Lumbers ER, Pringle KG. Roles of the circulating renin-
angiotensin-aldosterone system in human pregnancy. Am J Physiol 
Regul Integr Comp Physiol 2014; 306: R91-101 [PMID: 24089380 
DOI: 10.1152/ajpregu.00034.2013]

17 	 Cappell MS. The fetal safety and clinical efficacy of gastrointestinal 
endoscopy during pregnancy. Gastroenterol Clin North Am 2003; 32: 
123-179 [PMID: 12635415 DOI: 10.1016/S0889-8553(02)00137-1]

18 	 ASGE Standards of Practice Committee, Pasha SF, Acosta R, 
Chandrasekhara V, Chathadi KV, Eloubeidi MA, Fanelli R, Faulx 
AL, Fonkalsrud L, Khashab MA, Lightdale JR, Muthusamy VR, 
Saltzman JR, Shaukat A, Wang A, Cash B. Routine laboratory 
testing before endoscopic procedures. Gastrointest Endosc 2014; 
80: 28-33 [PMID: 24836749 DOI: 10.1016/j.gie.2014.01.019]

19 	 Cohen-Kerem R, Railton C, Oren D, Lishner M, Koren G. 
Pregnancy outcome following non-obstetric surgical intervention. 
Am J Surg 2005; 190: 467-473 [PMID: 16105538 DOI: 10.1016/
j.amjsurg.2005.03.033]

20 	 Ferreira LE, Baron TH. Comparison of safety and efficacy of 
ERCP performed with the patient in supine and prone positions. 
Gastrointest Endosc 2008; 67: 1037-1043 [PMID: 18206877 DOI: 
10.1016/j.gie.2007.10.029]

21 	 ASGE Standard of Practice Committee, Shergill AK, Ben-
Menachem T, Chandrasekhara V, Chathadi K, Decker GA, Evans 
JA, Early DS, Fanelli RD, Fisher DA, Foley KQ, Fukami N, 
Hwang JH, Jain R, Jue TL, Khan KM, Lightdale J, Pasha SF, 
Sharaf RN, Dominitz JA, Cash BD. Guidelines for endoscopy 
in pregnant and lactating women. Gastrointest Endosc 2012; 76: 
18-24 [PMID: 22579258 DOI: 10.1016/j.gie.2012.02.029]

22 	 Drug Safety and Availability. Available from: URL: https://www.
fda.gov/Drugs/DrugSafety/default.htm

23 	 Safra MJ, Oakley GP Jr. Association between cleft lip with or 
without cleft palate and prenatal exposure to diazepam. Lancet 1975: 
2: 478-480 [PMID: 51287 DOI: 10.1016/S0140-6736(75)90548-6]

24 	 Jacobs ML, Verhoog S, van der Linden WH, Huisman WM, 
Wallenburg HC, Weber RF. Glucagon stimulation test: assessment 
of beta-cell function in gestational diabetes mellitus. Eur J Obstet 
Gynecol Reprod Biol 1994; 56; 27-30 [PMID: 7982513 DOI: 
10.1016/0028-2243(94)90149-X]

25 	 Briggs GG, Freeman RK, Yaffe SJ. Drugs in Pregnancy and 
Lactation: A Reference Guide to Fetal and Neonatal Risk. 
Philadelphia, Lippincott Williams and Wilkins, 2011

26 	 Huibregtse K. Complications of endoscopic sphincterotomy 
and their prevention. N Engl J Med 1996; 335: 961-963 [PMID: 
8782505 DOI: 10.1056/NEJM199609263351309]

27 	 Rabenstein T, Schneider HT, Nicklas M, Ruppert T, Katalinic A, 
Hahn EG, Ell C. Impact of skill and experience of the endoscopist 
on the outcome of endoscopic sphincterotomy techniques. 
Gastrointest Endosc 1999; 50: 628-636 [PMID: 10536317 DOI: 
10.1016/S0016-5107(99)80010-8]

28 	 Liao C, Thosani N, Kothari S, Friedland S, Chen A, Banerjee S. 
Radiation exposure to patients during ERCP is significantly higher 
with low-volume endoscopists. Gastrointest Endosc 2015; 81: 
391-398.e1 [PMID: 25293825 DOI: 10.1016/j.gie.2014.08.001]

29 	 Tuech JJ, Binelli C, Aube C, Pessaux P, Fauvet R, Descamps P, 
Arnaud JP. Management of choledocholithiasis during pregnancy 
by magnetic resonance cholangiography and laparoscopic common 
bile duct stone extraction. Surg Laparosc Endosc Percutan Tech 
2000; 10: 323-325 [PMID: 11083218 DOI: 10.1097/00129689-200
010000-00013]

30 	 Einarson A, Bailey B, Inocencion G, Ormond K, Koren G. 
Accidental electric shock in pregnancy: a prospective cohort study. 
Am J Obstet Gynecol 1997; 176: 678-681 [PMID: 9077628 DOI: 
10.1016/S0002-9378(97)70569-6]

31 	 Magno-Pereira V, Moutinho-Ribeiro P, Macedo G. Demystifying 
endoscopic retrograde cholangiopancreatography (ERCP) during 

pregnancy. Eur J Obstet Gynecol Reprod Biol 2017; 219: 35-39 
[PMID: 29040894 DOI: 10.1016/j.ejogrb.2017.10.008]

32 	 Jeong S, Ki SH, Lee DH, Lee JI, Lee JW, Kwon KS, Kim HG, 
Shin YW, Kim YS. Endoscopic large-balloon sphincteroplasty 
without preceding sphincterotomy for the removal of large bile 
duct stones: a preliminary study. Gastrointest Endosc 2009; 70: 
915-922 [PMID: 19647241 DOI: 10.1016/j.gie.2009.04.042]

33 	 Samara ET, Stratakis J, Enele Melono JM, Mouzas IA, Perisinakis 
K, Damilakis J. Therapeutic ERCP and pregnancy: is the radiation 
risk for the conceptus trivial? Gastrointest Endosc 2009; 69: 
824-831 [PMID: 19243762 DOI: 10.1016/j.gie.2008.05.068]

34 	 Baron TH, Schueler BA. Pregnancy and radiation exposure 
during therapeutic ERCP: time to put the baby to bed? Gastrointest 
Endosc 2009; 69: 832-834 [PMID: 19327473 DOI: 10.1016/
j.gie.2008.07.010]

35 	 Huda A, Garzón WJ, Filho GC, Vieira B, Kramer R, Xu XG, Gao Y, 
Khoury HJ. Evaluation of staff, patient and foetal radiation doses 
due to endoscopic retrograde cholangiopancreatography (ERCP) 
procedures in a pregnant patient. Radiat Prot Dosimetry 2016; 168: 
401-407 [PMID: 26084305 DOI: 10.1093/rpd/ncv354]

36 	 Johlin FC, Pelsang RE, Greenleaf M. Phantom study to determine 
radiation exposure to medical personnel involved in ERCP 
fluoroscopy and its reduction through equipment and behavior 
modifications. Am J Gastroenterol 2002; 97: 893-897 [PMID: 
12003424 DOI: 10.1111/j.1572-0241.2002.05605.x]

37 	 Dumonceau JM, Garcia-Fernandez FJ, Verdun FR, Carinou E, 
Donadille L, Damilakis J, Mouzas I, Paraskeva K, Ruiz-Lopez N, 
Struelens L, Tsapaki V, Vanhavere F, Valatas V, Sans-Merce M; 
European Society of Digestive Endoscopy. Radiation protection in 
digestive endoscopy: European Society of Digestive Endoscopy 
(ESGE) guideline. Endoscopy 2012; 44: 408-421 [PMID: 
22438152 DOI: 10.1055/s-0031-1291791]

38 	 Smith I, Gaidhane M, Goode A, Kahaleh M. Safety of endoscopic 
retrograde cholangiopancreatography in pregnancy: Fluoroscopy 
time and fetal exposure, does it matter? World J Gastrointest 
Endosc 2013; 5: 148-153 [PMID: 23596536 DOI: 10.4253/wjge.
v5.i4.148]

39 	 Tang SJ, Mayo MJ, Rodriguez-Frias E, Armstrong L, Tang L, 
Sreenarasimhaiah J, Lara LF, Rockey DC. Safety and utility of 
ERCP during pregnancy. Gastrointest Endosc 2009; 69: 453-461 
[PMID: 19136111 DOI: 10.1016/j.gie.2008.05.024]

40 	 Inamdar S, Berzin TM, Sejpal DV, Pleskow DK, Chuttani 
R, Sawhney MS, Trindade AJ. Pregnancy is a Risk Factor for 
Pancreatitis After Endoscopic Retrograde Cholangiopancreatography 
in a National Cohort Study. Clin Gastroenterol Hepatol 2016; 14: 
107-114 [PMID: 25952311 DOI: 10.1016/j.cgh.2015.04.175]

41 	 Petersen BT. Post-Endoscopic Retrograde Cholangiopancreatography 
Pancreatitis During Pregnancy: More Questions Than Answers From 
Administrative Databases. Clin Gastroenterol Hepatol 2016; 14: 
115-117 [PMID: 26325397 DOI: 10.1016/j.cgh.2015.08.026]

42 	 Ludvigsson JF, Lebwohl B, Ekbom A, Kiran RP, Green PH, 
Höijer J, Stephansson O. Outcomes of Pregnancies for Women 
Undergoing Endoscopy While They Were Pregnant: A Nationwide 
Cohort Study. Gastroenterology 2017; 152: 554-563.e9 [PMID: 
27773807 DOI: 10.1053/j.gastro.2016.10.016]

43 	 Cappell MS. Evaluating the Safety of Endoscopy During 
Pregnancy: The Robust Statistical Power vs Limitations of a 
National Registry Study. Gastroenterology 2017; 152: 475-479 
[PMID: 28038928 DOI: 10.1053/j.gastro.2016.12.014]

44 	 Gupta R, Tandan M, Lakhtakia S, Santosh D, Rao GV, Reddy DN. 
Safety of therapeutic ERCP in pregnancy - an Indian experience. 
Indian J Gastroenterol 2005; 24: 161-163 [PMID: 16204904]

45 	 Cappell MS. Risks versus benefits of gastrointestinal endoscopy 
during pregnancy. Nat Rev Gastroenterol Hepatol 2011; 8: 610-634 
[PMID: 21970872 DOI: 10.1038/nrgastro.2011.162]

46 	 Tiwari P, Khan AS, Nass JP, Rivera RE, Romero RV, Antillon MR, 
Roy PK. ERCP in pregnancy: A systematic review. Gastrointest 
Endosc 2011; 73: AB392-AB393 [DOI: 10.1016/j.gie.2011.03.877]

47 	 Moffatt DC, Yu BN, Yie W, Bernstein CN. Trends in utilization 
of diagnostic and therapeutic ERCP and cholecystectomy over the 

Cappell MS et al . Therapeutic ERCP during pregnancy: Safety and efficacy



320 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

past 25 years: a population-based study. Gastrointest Endosc 2014; 
79: 615-622 [PMID: 24119510 DOI: 10.1016/j.gie.2013.08.028]

48 	 Baillie J, Cairns SR, Putman WS, Cotton PB. Endoscopic 
management of choledocholithiasis during pregnancy. Surg 
Gynecol Obstet 1990; 171: 1-4 [PMID: 2360143]

49 	 Goldschmiedt M, Wolf L, Shires T. Treatment of symptomatic 
choledocholithiasis during pregnancy. Gastrointest Endosc 1993; 39: 
812-814 [PMID: 8293907 DOI: 10.1016/S0016-5107(93)70272-2]

50 	 Talamini MA. Controversies in laparoscopic cholecystectomy: 
contraindications, cholangiography, pregnancy and avoidance of 
complications. Baillieres Clin Gastroenterol 1993; 7: 881-896 
[PMID: 8118079 DOI: 10.1016/0950-3528(93)90021-J]

51 	 Akcakaya A, Koc B, Adas G, Kemik O. The use of ERCP during 
pregnancy: is it safe and effective? Hepatogastroenterology 2014; 
61: 296-298 [PMID: 24901127]

52 	 ASGE Standards of Practice Committee, Maple JT, Ben-
Menachem T, Anderson MA, Appalaneni V, Banerjee S, Cash BD, 
Fisher L, Harrison ME, Fanelli RD, Fukami N, Ikenberry SO, Jain 
R, Khan K, Krinsky ML, Strohmeyer L, Dominitz JA. The role 
of endoscopy in the evaluation of suspected choledocholithiasis. 
Gastrointest Endosc 2010; 71: 1-9 [PMID: 20105473 DOI: 
10.1016/j.gie.2009.09.041]

53 	 Vaynshtein J, Sabbag G, Pinsk I, Rahmani I, Reshef A. Predictors 
for choledocholitiasis in patients undergoing endoscopic 
ultrasound. Scand J Gastroenterol 2018; 53: 335-339 [PMID: 
29421933 DOI: 10.1080/00365521.2018.1435716]

54 	 Vitale GC. Endoscopic retrograde cholangiopancreatography 
(ERCP) and the surgeon. Interventional endoscopy in the 
management of complex hepatobiliary and pancreatic disease. 
Surg Endosc 1998; 12: 387-389 [PMID: 9569354 DOI: 10.1007/
s004649900687]

55 	 Al-Hashem H, Muralidharan V, Cohen H, Jamidar PA. Biliary 
disease in pregnancy with an emphasis on the role of ERCP. J Clin 
Gastroenterol 2009; 43: 58-62 [PMID: 19020461 DOI: 10.1097/
MCG.0b013e31818acf80]

56 	 Ramin KD, Ramsey PS. Disease of the gallbladder and pancreas 
in pregnancy. Obstet Gynecol Clin North Am 2001; 28: 571-580 
[PMID: 11512501 DOI: 10.1016/S0889-8545(05)70218-7]

57 	 Polistina FA, Frego M, Bisello M, Manzi E, Vardanega A, Perin 
B. Accuracy of magnetic resonance cholangiography compared 
to operative endoscopy in detecting biliary stones, a single center 
experience and review of literature. World J Radiol 2015; 7: 70-78 
[PMID: 25918584 DOI: 10.4329/wjr.v7.i4.70]

58 	 Oto A, Ernst R, Ghulmiyyah L, Hughes D, Saade G, Chaljub G. 
The role of MR cholangiopancreatography in the evaluation of 
pregnant patients with acute pancreaticobiliary disease. Br J Radiol 
2009; 82: 279-285 [PMID: 19029218 DOI: 10.1259/bjr/88591536]

59 	 Vohra S, Holt EW, Bhat YM, Kane S, Shah JN, Binmoeller KF. 
Successful single-session endosonography-based endoscopic 
retrograde cholangiopancreatography without fluoroscopy in 
pregnant patients with suspected choledocholithiasis: a case series. 
J Hepatobiliary Pancreat Sci 2014; 21: 93-97 [PMID: 23798477 
DOI: 10.1002/jhbp.7]

60 	 Hedström J, Nilsson J, Andersson R, Andersson B. Changing 
management of gallstone-related disease in pregnancy - a retrospective 
cohort analysis. Scand J Gastroenterol 2017; 52: 1016-1021 [PMID: 
28599581 DOI: 10.1080/00365521.2017.1333627]

61 	 Savas N. Gastrointestinal endoscopy in pregnancy. World J 
Gastroenterol 2014; 20: 15241-15252 [PMID: 25386072 DOI: 
10.3748/wjg.v20.i41.15241]

62 	 Tham TC, Vandervoort J, Wong RC, Montes H, Roston AD, 
Slivka A, Ferrari AP, Lichtenstein DR, Van Dam J, Nawfel RD, 
Soetikno R, Carr-Locke DL. Safety of ERCP during pregnancy. 
Am J Gastroenterol 2003; 98: 308-311 [PMID: 12591046 DOI: 
10.1111/j.1572-0241.2003.07261.x]

63 	 Kahaleh M, Hartwell GD, Arseneau KO, Pajewski TN, Mullick 
T, Isin G, Agarwal S, Yeaton P. Safety and efficacy of ERCP 
in pregnancy. Gastrointest Endosc 2004; 60: 287-292 [PMID: 
15278066 DOI: 10.1016/S0016-5107(04)01679-7]

64 	 Sharma SS, Maharshi S. Two stage endoscopic approach 

for management of choledocholithiasis during pregnancy. J 
Gastrointestin Liver Dis 2008; 17: 183-185 [PMID: 18568140]

65 	 Farca A, Aguilar ME, Rodriguez G, de la Mora G, Arango L. 
Biliary stents as temporary treatment for choledocholithiasis in 
pregnant patients. Gastrointest Endosc 1997; 46: 99-101 [PMID: 
9260726]

66 	 Binmoeller KF, Katon RM. Needle knife papillotomy for an 
impacted common bile duct stone during pregnancy. Gastrointest 
Endosc 1990; 36: 607-609 [PMID: 2279655 DOI: 10.1016/
S0016-5107(90)71178-9]

67 	 Simmons DC, Tarnasky PR, Rivera-Alsina ME, Lopez JF, 
Edman CD. Endoscopic retrograde cholangiopancreatography 
(ERCP) in pregnancy without the use of radiation. Am J Obstet 
Gynecol 2004; 190: 1467-1469 [PMID: 15167871 DOI: 10.1016/
j.ajog.2004.02.030]

68 	 Shelton J , Linder JD, Rivera-Alsina ME, Tarnasky PR. 
Commitment, confirmation, and clearance: new techniques for 
nonradiation ERCP during pregnancy (with videos). Gastrointest 
Endosc 2008; 67: 364-368 [PMID: 18226705 DOI: 10.1016/
j.gie.2007.09.036]

69 	 Akcakaya A, Ozkan OV, Okan I, Kocaman O, Sahin M. 
Endoscopic retrograde cholangiopancreatography during 
pregnancy without radiation. World J Gastroenterol 2009; 15: 
3649-3652 [PMID: 19653343 DOI: 10.3748/wjg.15.364]

70 	 Huang P, Zhang H, Zhang XF, Zhang X, Lv W. Individualized 
endoscopic treatment for pregnant patients with acute 
pancreaticobiliary diseases. J Health Res Rev 2017; 4: 13-18 [DOI: 
10.4103/2394-2010.199326]

71 	 Yang J, Zhang X, Zhang X. Therapeutic efficacy of endoscopic 
retrograde cholangiopancreatography among pregnant women 
with severe acute biliary pancreatitis. J Laparoendosc Adv Surg 
Tech A 2013; 23: 437-440 [PMID: 23452176 DOI: 10.1089/
lap.2012.0497]

72 	 Agcaoglu O, Ozcinar B, Gok AF, Yanar F, Yanar H, Ertekin C, 
Gunay K. ERCP without radiation during pregnancy in the minimal 
invasive world. Arch Gynecol Obstet 2013; 288: 1275-1278 [PMID: 
23715923 DOI: 10.1007/s00404-013-2890-0]

73 	 Sethi S, Thosani N, Banerjee S. Radiation-Free ERCP in 
Pregnancy: A “Sound” Approach to Leaving No Stone Unturned. 
Dig Dis Sci 2015; 60: 2604-2607 [PMID: 25577267 DOI: 10.1007/
s10620-014-3502-y]

74 	 Ersoz G, Turan I, Tekin F, Ozutemiz O, Tekesin O. Nonradiation 
ERCP with endoscopic biliary sphincterotomy plus papillary 
balloon dilation for the treatment of choledocholithiasis during 
pregnancy. Surg Endosc 2016; 30: 222-228 [PMID: 25840897 
DOI: 10.1007/s00464-015-4190-1]

75 	 Shah JN, Bhat YM, Hamerski CM, Kane SD, Binmoeller KF. 
Feasibility of nonradiation EUS-based ERCP in patients with 
uncomplicated choledocholithiasis (with video). Gastrointest 
Endosc 2016; 84: 764-769 [PMID: 27040099 DOI: 10.1016/
j.gie.2016.03.1485]

76 	 Polydorou A, Karapanos K, Vezakis A, Melemeni A, Koutoulidis 
V, Polymeneas G, Fragulidis G. A multimodal approach to acute 
biliary pancreatitis during pregnancy: a case series. Surg Laparosc 
Endosc Percutan Tech 2012; 22: 429-432 [PMID: 23047387 DOI: 
10.1097/SLE.0b013e31825e38bb]

77 	 Veerappan A, Gawron AJ, Soper NJ, Keswani RN. Delaying 
cholecystectomy for complicated gallstone disease in pregnancy 
is associated with recurrent postpartum symptoms. J Gastrointest 
Surg 2013; 17: 1953-1959 [PMID: 24002766 DOI: 10.1007/
s11605-013-2330-2]

78 	 Othman MO, Stone E, Hashimi M, Parasher G. Conservative 
management of cholelithiasis and its complications in pregnancy 
is associated with recurrent symptoms and more emergency 
department visits. Gastrointest Endosc 2012; 76: 564-569 [PMID: 
22732875 DOI: 10.1016/j.gie.2012.04.475]

79 	 Shirah BH, Mikwar ZA, Ahmad AN, Dahlan YM. Laparoendoscopic 
Rendezvous for Concomitant Cholecystocholedocholithiasis: 
A Successful Modality Even in the Most Difficult Presentations 
Including Pregnancy. Case Rep Surg 2016; 2016: 8618512 [PMID: 

Cappell MS et al . Therapeutic ERCP during pregnancy: Safety and efficacy



321 October 16, 2018|Volume 10|Issue 10|WJGE|www.wjgnet.com

28116209 DOI: 10.1155/2016/8618512]
80 	 Singla V, Arora A, Tyagi P, Sharma P, Bansal N, Kumar A. Failed 

common bile duct cannulation during pregnancy: Rescue with 
endoscopic ultrasound guided rendezvous procedure. Endosc 
Ultrasound 2016; 5: 201-205 [PMID: 27386479 DOI: 10.4103/230
3-9027.183977]

81 	 Khan J, Ylinen J, Victorzon M. Pancreatic rupture during 
childbirth treated successfully by endoscopic drainage. Endoscopy 

2012; 44 Suppl 2: E65-E66 [PMID: 22396284 DOI: 10.1055/
s-0031-1291566]

82 	 Leung JW, Thai A, Yen A, Ward G, Abramyan O, Lee J, Smith B, 
Leung F. Magnetic endoscope imaging (ScopeGuide) elucidates 
the mechanism of action of the pain-alleviating impact of water 
exchange colonoscopy - attenuation of loop formation. J Interv 
Gastroenterol 2012; 2: 142-146 [PMID: 23805397 DOI: 10.4161/
jig.23738]

P- Reviewer: Gkekas I, Khoury T, Sugimoto M, Wang ZY, Zhang QS    
S- Editor: Cui LJ    L- Editor: A    E- Editor: Wu YXJ

Cappell MS et al . Therapeutic ERCP during pregnancy: Safety and efficacy



© 2018 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.wjgnet.com


	WJGEv10i10-Cover.pdf
	WJGEv10i10-Contents.pdf
	225.pdf
	239.pdf
	250.pdf
	259.pdf
	267.pdf
	274.pdf
	283.pdf
	294.pdf
	301.pdf
	308.pdf
	WJGEv10i10-Back cover.pdf

