Gastrointestinal Endoscopy

Baishideng Publishing Group Inc



J‘ World Journal of
5 Gastrointestinal Endoscopy

Contents Monthly Volume 10 Number 10 October 16, 2018
REVIEW
225 Introduction of endoscopic submucosal dissection in the West

Friedel D, Stavropoulos SN

239 Artificial intelligence in gastrointestinal endoscopy: The future is almost here
Alagappan M, Glissen Brown JR, Mori Y, Berzin TM
MINIREVIEWS
250 Screening and surveillance methods for dysplasia in inflammatory bowel disease patients: Where do we
stand?
Galanopoulos M, Tsoukali E, Gkeros F, Vraka M, Karampekos G, Matzaris GJ
259 Endoscopic retrograde cholangiopancreatography-induced and non-endoscopic retrograde
cholangiopancreatography-induced acute pancreatitis: Two distinct clinical and immunological entities?
Plavsic I, Zitini¢ I, Mikolasevic I, Poropat G, Hauser G
267 Concise review on the comparative efficacy of endoscopic ultrasound-guided fine-needle aspiration vs core
biopsy in pancreatic masses, upper and lower gastrointestinal submucosal tumors
Khoury T, Sheit W, Ludvik N, Nadella D, Wiles A, Marshall C, Kumar M, Shapira G, Schumann A, Mizrahi M
274 Role of endoscopy in caustic injury of the esophagus
Methasate A, Lohsiriwat V
283 Linear endoscopic ultrasound evaluation of hepatic veins
Sharma M, Somani P, Rameshbabu CS
ORIGINAL ARTICLE
Case Control Study
294 Economical effect of lumen apposing metal stents for treating benign foregut strictures
Hallac A, Srikureja W, Liu E, Dhumal P, Thatte A, Puri N
Retrospective Study
301 Yield of capsule endoscopy in obscure gastrointestinal bleeding: A comparative study between

premenopausal and menopausal women
Silva JC, Pinho R, Rodrigues A, Ponte A, Rodrigues JP, Sousa M, Gomes C, Carvalho J

JRaishideng®

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



J‘ World Journal of
4 Gastrointestinal Endoscopy

Contents Monthly Volume 10 Number 10 October 16, 2018

SYSTEMATIC REVIEW

308 Systematic review of safety and efficacy of therapeutic endoscopic-retrograde-cholangiopancreatography
during pregnancy including studies of radiation-free therapeutic endoscopic-retrograde-
cholangiopancreatography
Cappell MS, Stavropoulos SN, Friedel D

Roishidenge ~ WJGE | www.wjgnet.com I October 16, 2018 | Volume 10 | Issue 10 |



Contents

World Journal of Gastrointestinal Endoscopy
Volume 10 Number 10 October 16, 2018

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Endoscopy,
Ferdinando Agresta, MD, Chief Doctor, Doctor, Department of General Surgery,
ULSS19 del Veneto, Adria (RO) 45011, Italy

AIM AND SCOPE

World Journal of Gastrointestinal Endoscopy (World | Gastrointest Endose, W]GE, online ISSN
1948-5190, DOI: 10.4253) is a peer-reviewed open access (OA) academic journal that
aims to guide clinical practice and improve diagnostic and therapeutic skills of clinicians.

WJ]GE covers topics concerning gastroscopy, intestinal endoscopy, colonoscopy,
capsule endoscopy, laparoscopy, interventional diagnosis and therapy, as well as advances
in technology. Emphasis is placed on the clinical practice of treating gastrointestinal
diseases with or under endoscopy.

We encourage authors to submit their manuscripts to WJGE. We will give priority
to manuscripts that are supported by major national and international foundations and

those that are of great clinical significance.

INDEXING/ABSTRACTING

World Journal of Gastrointestinal Endoscopy (W]GE) is now abstracted and indexed in
Emerging Sources Citation Index (Web of Science), PubMed, PubMed Central, China

National Knowledge Infrastructure (CNKI), and Superstar Journals Database.

EDITORS FOR

Responsible Electronic Editor: Yun-Xiaofian Wu

Responsible Assistant Editor: Xiang i

Responsible Science Editor: Ying Dox
Proofing Editorial Office Director: Jin-Iei Wang

THIS ISSU E Proofing Editor-in-Chief: Lian-Sheng Ma
NAME OF JOURNAL Fax: +1-925-2238243 published by this Open-Access journal are distributed
World Journal of Gastrointestinal Endoscopy E-mail: editorialoffice@wignet.com under the terms of the Creative Commons Attribution
Help Desk: http:/ /www.f6publishing com/helpdesk Non-commercial License, which permits use,
ISSN X http:/ /www.wjgnet.com distribution, and reproduction in any medium, provided
ISSN 1948-5190 (online) the original work is properly cited, the use is non
LAUNCH DATE PU'B|TISHER . c'ommercial and is otherwise in compliance with the
October 15, 2009 Baishideng Publishing Group Inc license.
7901 Stoneridge Drive, Suite 501,
FREQUENCY Pleasanton, CA 94588, USA SPECIAL STATEMENT
Monthly Telephone: +1-925-2238242 All articles published in journals owned by the

EDITORIAL BOARD MEMBERS
All editorial board membets resources online at http://
wwwwjgnet.com/1948-5190/ editotialboard.htm

EDITORIAL OFFICE

Jin-Lei Wang, Director

World Journal of Gastrointestinal Endoscopy

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wijgnet.com

Help Desk: http:/ /wwwif6publishingcom/helpdesk
http:/ /www.wignet.com

PUBLICATION DATE
October 16, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles

Baishideng Publishing Group (BPG) represent the
views and opinions of their authors, and not the
views, opinions or policies of the BPG, except where
otherwise explicitly indicated.

INSTRUCTIONS TO AUTHORS
http:/ /wwwwijgnet.com/bpg/getinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

JRaishideng®

WIJGE | www.wjgnet.com

1II

October 16, 2018 | Volume 10 | Issue 10 |



wdJ ¢

World Journal of
Gastrointestinal Endoscopy

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

DOI: 10.4253 /wjge.v10.i10.308

World ] Gastrointest Endosc 2018 October 16; 10(10): 308-321

ISSN 1948-5190 (online)

SYSTEMATIC REVIEW

Systematic review of safety and efficacy of therapeutic
endoscopic-retrograde-cholangiopancreatography during
pregnancy including studies of radiation-free therapeutic
endoscopic-retrograde-cholangiopancreatography

Mitchell S Cappell, Stavros Nicholas Stavropoulos, David Friedel

Mitchell S Cappell, Division of Gastroenterology and Hepatology,
William Beaumont Hospital, Royal Oak, MI 48073, United States

Mitchell S Cappell, Oakland University William Beaumont
School of Medicine, Royal Oak, MI 48073, United States

Stavros Nicholas Stavropoulos, David Friedel, Division
of Gastroenterology, New York University Winthrop Medical
Center, Mineola, NY 11501, United States

ORCID number: Mitchell S Cappell (0000-0003-3445-5428);
Stavros Nicholas Stavropoulos (0000-0003-1410-2684); David
Friedel (0000-0001-8051-7410).

Author contributions: Cappell MS had the most important
contributions to the organization, writing, and editing of
the manuscript; Stavropoulos SN and Friedel D contributed
very significantly to all aspects of the paper, including the
organization, writing, and editing of the manuscript; the final
manuscript was reviewed, corrected, and approved by all three
authors.

Conflict-of-interest statement: All authors have no conflicts of
interest to report.

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: Mitchell S Cappell, FACG, MD, PhD,
Chief Doctor, Professor, Division of Gastroenterology and
Hepatology, William Beaumont Hospital, 3535 W. Thirteen Mile
Road, Royal Oak, MI 48073, United States. mitchell.cappell@

Raishidenge ~ WJGE | www.wjgnet.com

308

beaumont.edu
Telephone: +11-1248-5511227
Fax: +11-1248-5517581

Received: April 28, 2018
Peer-review started: April 28, 2018
First decision: May 18, 2018
Revised: July 13,2018

Accepted: August 26,2018

Article in press: August 27,2018
Published online: October 16,2018

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.
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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.

Cappell MS, Stavropoulos SN, Friedel D. Systematic review
of safety and efficacy of therapeutic endoscopic-retrograde-
cholangiopancreatography during pregnancy including
studies of radiation-free therapeutic endoscopic-retrograde-
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cholangiopancreatography. World J Gastrointest Endosc 2018;
10(10): 308-321 Available from: URL: http://www.wjgnet.
com/1948-5190/full/v10/i10/308.htm DOI: http://dx.doi.
org/10.4253/wjge.v10.i110.308

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!?. About 750000 cholecystectomies
are performed annually in America. Risk factors for cho-
lelithiasis include advanced age, female gender, obesity,
hyperlipidemia, pregnancy, and physical inactivity™.
Symptoms and complications increase in frequency
when gallstones are present > 5 years, and when
they are > 10 mm in diameter™. 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™”. These gestational changes are
largely mediated by increased levels of the gestational
hormones of estrogen and progesterone!®.

Epidemiology

The prevalence of cholelithiasis during pregnancy
varies with the study population. A study performed in
India noted only a 1% prevalence™®, whereas a study
performed in a Californian Hispanic cohort reported a 5%
prevalence’. 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™®. 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**!. Cholelithiasis
and hypertriglyceridemia are the primary etiologies of
pancreatitis during pregnancy****!, whereas alcohol-
induced pancreatitis is unusual during pregnancy because
expectant mothers generally abstain from alcohol due to
its fetal toxicity!**. 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™, 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
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pancreatitis, but may be inadvisable during pregnancy
because of the already expanded extravascular space
and salt retention during pregnancy™®. However, the
fetus poorly tolerates maternal systemic hypotension
because blood flow is shunted away from the uterus
during maternal hypotension'”, 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!'®,

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™®. It may, moreover,
be necessary to perform ERCP in the supine position,
especially during advanced pregnancy, which can
further increase aspiration risks””. 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®*?, 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'*”.. 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®.
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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.

Glucagon is used to reduce intestinal spasm and is this situation. The anesthesiologist should be in attend-
believed to be generally safe during pregnancy (FDA ance during the entire ERCP, and not rely on a nurse
category B)*. Glucagon administration may be justifiable ~ anesthetist for administering sedation. The surgeon plays
during ERCP if needed to cannulate the choledochus a critical role in the timing of cholecystectomy, and in
during therapeutic ERCP to prevent maternal cholangitis providing backup for emergency CBD exploration or for
from choledocholithiasis, but glucagon administration can complications after ERCP™,

usually be obviated by prompt choledochal cannulation by Electrocautery is a concern during pregnancy. Am-
an expert endoscopist. Simethicone is used to eliminate niotic fluid readily conducts electricity which can reach
troublesome intraluminal bubbles and is believed to be  the fetus®***%. Biliary sphincterotomy should use only
relatively safe during pregnancy (FDA category C)*. bipolar current to decrease scatter of electricity. Biliary
It should, however, be used only if necessary during sphincterotomy, if necessary during ERCP, should use
ERCP. Informed patient consent for ERCP should include minimal cautery with the grounding pad placed on the
a discussion regarding fetal safety during pregnancy, right side, such as the right arm or right posterior thorax,
induding fetal toxicity from radiation exposure. In terms ~ to minimize electrical conduction to the fetus®**,
of antibiotics, penicillins/cepholosporins/macrolides are Strategies to avoid electrocautery include inserting a
generally safe, provided no hypersensitivity occurs, but biliary stent without cautery, but this can be problematic
quinolones/tetracyclines/sulfonamides/Flagyl are not unless delivery is imminent because of a long-term

safel®!, potential for stent clogging. Balloon sphincteroplasty is
The management of pregnant women with pancrea- an alternative to sphincterotomy, but this maneuver can
ticobiliary disease requires a multidisciplinary approach, induce pancreatitis®?, General principles of ERCP during
with a clinical team including a gastroenterologist, pregnancy are summarized in Table 1.
obstetrician/perinatologist, radiation safety officer, and Fetal radiation exposure is a significant concern

anesthesiologist, who preferably specializes in obstetric because of its potential teratogenic effects and subsequent
anesthesiology. The requisite experience and expertise carcinogenetic effects. Fetal radiation exposure and
is typically found in a tertiary, academic medical center. toxicity depends upon multiple factors, including mater-
The gastroenterologist should have significant expertise nal size, matemal distribution of fat, volume of amniotic
and experience in ERCP to be best equipped to deal with fluid, fetal gestational age, and radiation delivery
the challenges and risks of ERCP during pregnancy. The method. The most important factors determining fetal
qualifications of an experienced advanced therapeutic exposure are total radiation time and dosage, both of
endoscopist have not been standardized, but may which should be minimized. Draping the lower abdomen
include both a > 90% bile duct cannulation rate®!, and and pelvis of patients with lead shields helps minimize
an adequate annual volume of therapeutic ERCPs (> 40 uterine exposure®®!, Lead shielding is best placed below
sphincterotomies per year)””). One study demonstrated the patient because radiation typically emanates from
that low volume ERCP-endoscopists exposed their  below™!!, However, radiation scatter within the mother is
patients to significantly more radiation during ERCP than likely the main source of fetal radiation exposuret®., Static
high volume ERCP-endoscopists™. An experienced (spot) films are recommended instead of continuous
endoscopist is more likely to minimize procedural time, fluoroscopy to decrease radiation exposure®®*, Also
anesthesia dosages, and radiation time. An inexperienced recommended are a modern radiation source, a well
gastroenterology fellow should play a limited role in collimated unit, and avoidance of “hard-copy” images
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Table 2 Maximizing radiation safety of endoscopic retrograde cholangiopancreatography during pregnancy

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.

that require higher radiation dosage!®. 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®!, Radiation exposure often exceeds
10 millisievert (mSv) during prolonged ERCP™3, With
recommended precautions, fetal radiation exposure
during ERCP should be uniformly < 50-100 mSy, which is
considered the radiation threshold for teratogenesis®®*.,
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®". 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®™”, One
study suggested this documentation was unnecessary
because of low teratogenicity risk, but this study used
limited fluoroscopy time™®.

JBaishideng®
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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™.,
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!™. This patient had
developed acute pancreatitis after each of her 3 ERCPs.
Another mother suffered spontaneous abortion 3 wk
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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*?. 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'. Also, as
aforementioned, usual measures to minimize pancreatitis
after ERCP, such as high volume 1V 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™**,

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™. 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*!. 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®?, and the other published as an abstract'*®,
show that ERCP during pregnancy is relatively safe. In
a systematic literature review performed by Cappell in
2011™1, 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
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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!*®. 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)™\. 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®!*"*>1],
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'*®!. An estimated 500
or more women have been reported undergoing ERCP
during pregnancy, aside from a national registry study of
58 patients'*”. 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*?!. 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®™?, Patients with significantly elevated
liver enzymes and/or a dilated CBD are more likely to
harbor choledocholithiasis than patients without these
features®, 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™*.
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™®!, Indeed.
cholecystectomy for acute cholecystitis is the third most
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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*"
performed during 65 pregnancies.

Ludvigsson JF, 20171
pregnant patients undergoing ERCP

Large retrospective study of 68 ERCPs

National cohort study in Sweden of 58

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

included in a much larger study of 3052

patients undergoing any gastrointestinal

endoscopy during pregnancy.

Jamidar PA, 1995
performed during 20 pregnancies.

Gupta R, 2005*
choledocholithiasis.

Cappell MS, 2011

patients undergoing therapeutic ERCP

Retrospective study of therapeutic ERCPs

Retrospective study of therapeutic ERCPs
performed during 18 pregnancies for

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

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
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
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

Systematic literature review of 296 pregnant 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

including 254 (86 %) in which fetal outcome

was reported.

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.

common non-obstetric operation performed during
pregnancy™®.

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™”. In one small
series, MRCP obviated the need for ERCP in pregnant
women with pancreatobiliary abnormalities”®. 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®. 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
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increased risk of premature delivery™**®”

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'*®®!, The large
series by Tang et al*' 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™. Another series with dedicated
obstetric input and lead shielding demonstrated good
technical success and good fetal outcome, though only
one FTE was performed®”. An Indian series had 4 FTE’s,
trivial fluoroscopy time, and a six year child follow-up™®.
The two series by Smith et a”® and Kahaleh et af*® 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™**".

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

. Postpartum
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Figure 1 Intraductal ultrasound: Showing a gallstone in the common bile
duct.

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”’®, Delaying cholecystectomy may result
in biliary complications later during pregnancy or
postpartum!’”’®),

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®, 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™,

Future prospects

Pancreatic ERCP during pregnancy may be reported in
the future®™, Magnetic technology currently applied to
detect endoscope position during endoscopy (especially
colonoscopy) may conceivably be applied to wires and
catheters during ERCP®*, 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
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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)
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and
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duct
or

Abnormal liver

function tests
or

Abdominal pain

MRCP

Mildly abnormal liver function tests
+/- dilated common bile duct

no or minimal abdominal pain
cholangitis unlikely

MRCP

Start antibiotics (safe during pregnancy)

ERCP +/- EUS
Consider cholecystectomy

+ Choledocholithiasis

- Choledocholithiasis

|

Worsening clinical course
and

Liver function tests not improving

N

EUS & ERCP, Start antibiotics,
consider cholecystectomy

|

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

S Choledocholithiasis —————» Continue to monitor

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.

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.
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