
World Journal of 
Gastroenterology
World J Gastroenterol  2018 July 28; 24(28): 3055-3200

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Published by Baishideng Publishing Group Inc



S

REVIEW
3055	 Non-pharmacological therapies for inflammatory bowel disease: Recommendations for self-care and 

physician guidance

Duff W, Haskey N, Potter G, Alcorn J, Hunter P, Fowler S

3071	 Helicobacter pylori  in human health and disease: Mechanisms for local gastric and systemic effects
Bravo D, Hoare A, Soto C, Valenzuela MA, Quest AF

3090	 Proton therapy for hepatocellular carcinoma: Current knowledge and future perspectives

Yoo GS, Yu JI, Park HC

MINIREVIEWS
3101	 Encapsulating peritoneal sclerosis

Danford CJ, Lin SC, Smith MP, Wolf JL

3112	 Considerations for bariatric surgery in patients with cirrhosis

Goh GB, Schauer PR, McCullough AJ

ORIGINAL ARTICLE
Basic Study

3120	 Impact of hyperglycemia on autoimmune pancreatitis and regulatory T-cells

Müller-Graff FT, Fitzner B, Jaster R, Vollmar B, Zechner D

3130	 Moxibustion treatment modulates the gut microbiota and immune function in a dextran sulphate sodium-

induced colitis rat model

Qi Q, Liu YN, Jin XM, Zhang LS, Wang C, Bao CH, Liu HR, Wu HG, Wang XM

3145	 Integrated genomic analysis for prediction of survival for patients with liver cancer using The Cancer 

Genome Atlas

Song YZ, Li X, Li W, Wang Z, Li K, Xie FL, Zhang F

Retrospective Study

3155	 Multikinase inhibitor-associated hand-foot skin reaction as a predictor of outcomes in patients with 

hepatocellular carcinoma treated with sorafenib

Ochi M, Kamoshida T, Ohkawara A, Ohkawara H, Kakinoki N, Hirai S, Yanaka A

Observational Study

3163	 Health behaviors of Korean adults with hepatitis B: Findings of the 2016 Korean National Health and 

Nutrition Examination Survey

Yi YH, Kim YJ, Lee SY, Cho BM, Cho YH, Lee JG

Contents Weekly  Volume 24  Number 28  July 28, 2018

� July 28, 2018|Volume 24|Issue 28|WJG|www.wjgnet.com



S

SYSTEMATIC REVIEWS
3171	 Role of colectomy in preventing recurrent primary sclerosing cholangitis in liver transplant recipients

Buchholz BM, Lykoudis PM, Ravikumar R, Pollok JM, Fusai GK

META-ANALYSIS
3181	 Hepatitis B reactivation in patients receiving direct-acting antiviral therapy or interferon-based therapy for 

hepatitis C: A systematic review and meta-analysis

Jiang XW, Ye JZ, Li YT, Li LJ

CASE REPORT
3192	 Regulating migration of esophageal stents - management using a Sengstaken-Blakemore tube: A case 

report and review of literature

Sato H, Ishida K, Sasaki S, Kojika M, Endo S, Inoue Y, Sasaki A

LETTERS TO THE EDITOR
3198	 Genetic analysis is helpful for the diagnosis of small bowel ulceration

Umeno J, Matsumoto T, Hirano A, Fuyuno Y, Esaki M

Contents Weekly  Volume 24  Number 28  July 28, 2018

II July 28, 2018|Volume 24|Issue 28|WJG|www.wjgnet.com



NAME OF JOURNAL 
World Journal of  Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of  Surgery, Universidad 
Autonoma de Madrid; Department of  General Sur-
gery, Fundacion Jimenez Diaz University Hospital, 
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of  
Laboratory Medicine, Division of  Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med), 
Professor of  Medicine, Chief Gastroenterology, VA 
Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 

CA 90822, United States

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director
World Journal of  Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Xue-Jiao Wang
Responsible Electronic Editor: Shu-Yu Yin	       Proofing Editorial Office Director: Ze-Mao Gong
Proofing Editor-in-Chief: Lian-Sheng Ma

PUBLICATION DATE
July 28, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 24  Number 28  July 28, 2018

Editorial board member of World Journal of Gastroenterology, Nobuhiro Ohkohchi, 
MD, PhD, Professor, Department of Surgery, Division of Gastroenterology and 
Hepatobiliary Surgery and Organ Transplantation, University of Tsukuba, Tsukuba 
305-8575, Japan

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  642 experts in gastroenterology and hepatology from 
59 countries.
    The primary task of  WJG is to rapidly publish high-quality original articles, reviews, 
and commentaries in the fields of  gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine, 
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index 
Medicus, MEDLINE, PubMed, PubMed Central and Directory of  Open Access Journals. The 
2018 edition of  Journal Citation Reports® cites the 2017 impact factor for WJG as 3.300 (5-year 
impact factor: 3.387), ranking WJG as 35th among 80 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

III July 28, 2018|Volume 24|Issue 28|WJG|www.wjgnet.com



Encapsulating peritoneal sclerosis

Christopher J Danford, Steven C Lin, Martin P Smith, Jacqueline L Wolf

Christopher J Danford, Steven C Lin, Jacqueline L Wolf, 

Division of Gastroenterology and Hepatology, Beth Israel Deaconess 
Medical Center, Harvard Medical School, Boston, MA 02115, 
United States

Martin P Smith, Department of Radiology, Beth Israel Deaconess 
Medical Center, Harvard Medical School, Boston, MA 02115, 
United States

ORCID number: Christopher J Danford (0000-0003-0322-7705); 
Steven C Lin (0000-0003-4620-1505); Martin P Smith 
(0000-0003-0775-6516); Jacqueline L Wolf (0000-0002-7748-394X).

Author contributions: Danford CJ and Lin SC contributed 
equally in performing the literature search, review, and drafting of 
the manuscript, and they should be as co-first authors; Danford CJ, 
Lin SC, Smith MP and Wolf JL participated in the critical review, 
revision of the manuscript, and approve of the final draft of the 
manuscript.

Conflict-of-interest statement: There are no financial disclosures 
or conflicts of interest in the production of this manuscript. 

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: Jacqueline L Wolf, MD, Associate 
Professor, Division of Gastroenterology and Hepatology, Beth Israel 
Deaconess Medical Center, 330 Brookline Ave, Rabb 433, Boston, 
MA 02115, United States. jwolf1@bidmc.harvard.edu
Telephone: +1-617-6671676
Fax: +1-617-6675826

Received: May 16, 2018
Peer-review started: May 17, 2018
First decision: May 30, 2018
Revised: June 7, 2018
Accepted: June 25, 2018

Article in press: June 25, 2018
Published online: July 28, 2018

Abstract
Encapsulating peritoneal sclerosis (EPS) is a debilitating 
condition characterized by a fibrocollagenous membrane 
encasing the small intestine, resulting in recurrent small 
bowel obstructions. EPS is most commonly associated 
with long-term peritoneal dialysis, though medications, 
peritoneal infection, and systemic inflammatory disorders 
have been implicated. Many cases remain idiopathic. 
Diagnosis is often delayed given the rarity of the disorder 
combined with non-specific symptoms and laboratory 
findings. Although cross-sectional imaging with computed 
tomography of the abdomen can be suggestive of the 
disorder, many patients undergo exploratory laparotomy 
for diagnosis. Mortality approaches 50% one year after 
diagnosis. Treatment for EPS involves treating the under
lying condition or eliminating possible inciting agents (i.e.  
peritoneal dialysis, medications, infections) and nutritional 
support, frequently with total parenteral nutrition. EPS-
specific treatment depends on the disease stage. In the 
inflammatory stage, corticosteroids are the treatment 
of choice, while in the fibrotic stage, tamoxifen may be 
beneficial. In practice, distinguishing between stages may 
be difficult and both may be used. Surgical intervention, 
consisting of peritonectomy and enterolysis, is time-
consuming and high-risk and is reserved for situations 
in which conservative medical therapy fails in institutions 
with surgical expertise in this area. Herein we review 
the available literature of the etiology, pathogenesis, 
diagnosis, and treatment of this rare, but potentially deva
stating disease.

Key words: Abdominal cocoon; Sclerosing encapsulating 
peritonitis; Peritoneal sclerosis; Peritonectomy; Enterolysis; 
Peritoneal dialysis; Tamoxifen; Corticosteroids
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Core tip: Encapsulating peritoneal sclerosis (EPS) is a 
rare, but potentially devastating disorder. Most literature 
is derived from the nephrology literature surrounding 
peritoneal dialysis, however, the gastroenterologist is 
likely to encounter EPS from a variety of etiologies. 
We present a comprehensive review of EPS from all 
etiologies and a summary of treatments from a gastro
enterologist’s perspective including the role of nutrition, 
surgery, immunosuppression, anti-fibrotic agents, and 
the novel use of μ-opioid antagonists and guanylate 
cyclase C agonists in the management of patients with 
EPS.

Danford CJ, Lin SC, Smith MP, Wolf JL. Encapsulating peritoneal 
sclerosis. World J Gastroenterol 2018; 24(28): 3101-3111  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i28/3101.
htm  DOI: http://dx.doi.org/10.3748/wjg.v24.i28.3101

INTRODUCTION
Definition
Encapsulating peritoneal sclerosis (EPS) is a rare clinical 
syndrome characterized by an acquired, inflammatory 
fibrocollagenous membrane encasing the small intes­
tine, resulting in symptoms of bowel obstruction. It 
is defined by the International Society for Peritoneal 
Dialysis as “a syndrome continuously, intermittently, 
or repeatedly presenting with symptoms of intestinal 
obstruction caused by adhesions of a diffusely thickened 
peritoneum”[1]. Owtschinnikow first described encase­
ment of the intestines by a fibrocollagenous membrane 
in 1907 and coined the term peritonitis chronica fibrosa 
incapsulata[2]. EPS has also been known as abdominal 
cocoon and sclerosing encapsulating peritonitis. It 
should not be confused with peritoneal encapsulation, 
a congenital condition characterized by an accessory 
peritoneal membrane encapsulating the intestines, 
without adhesions to the encased intestine often 
incidentally recognized during unrelated surgery[3]. 

Etiology
EPS can be divided into primary (idiopathic) or secondary 
in which a trigger for the inflammatory process can be 
identified. Primary EPS was classically thought to afflict 
adolescent women in tropical and subtropical areas 
leading to theories of retrograde menstruation or gyneco­
logic infection as the cause. Though the largest studies of 
primary EPS confirm its equatorial predilection, men are 
more commonly affected than women in a 2:1 ratio[4,5] 
and the etiology remains unclear.

In secondary EPS, a local or systemic factor can be 
identified as triggering peritoneal inflammation. Impli­
cated triggers include medications[6-9], infection[10-16], 
mechanical or chemical intraperitoneal irritants[17-27], cir­
rhosis[28], organ transplantation[29-31], endometriosis[32], 
gynecologic neoplasms[33,34], dermoid cyst rupture[35], and 

systemic rheumatologic and inflammatory disorders[36-38] 
(Table 1). 

Pathophysiology
EPS is thought to occur when a peritoneal inflammatory 
process (inciting factor) occurs in patients with a predis­
posing condition (Figure 1). In peritoneal dialysis (PD) 
literature, this is referred to as the “two-hit” hypothesis[39] 
in which the “first hit” or predisposing condition is the 
non-inflammatory peritoneal sclerosis resulting from re
peated dialysis sessions. In support of this, cumulative 
incidence of EPS increases dramatically with time on 
PD[40,41]. A proinflammatory “second hit”[42] precipitates 
a cascade of proinflammatory [transforming growth 
factor β1 (TGFβ1), interleukin-6 (IL-6), CCN2] and proan­
giogenic [vascular endothelial growth factor (VEGF)] 
cytokines[43,44]. TGFβ1 promotes transdifferentiation of 
peritoneal mesothelial to mesenchymal cells resulting in 
mesothelial cell depletion[45,46], increased production of 
extracellular matrix components [collagen type 1, alpha 
1 (COL1A1)] and fibrogenesis resulting in a fibrocollage
nous cocoon[47] (Figure 1). 

In PD, genetic variation in the receptor for advanced 
glycation end products may predispose an individual to 
peritoneal deterioration[48]. While no genetic studies exist 
outside the PD literature, genetic predisposition may 
explain why only a small proportion of patients with recur­
rent peritonitis develop EPS or why an individual may 
develop EPS even with a single, discrete exposure[24]. 
Among gynecologic neoplasms, reports of EPS are con­
fined to luteinizing neoplasms[33,34] without other overt 
inflammatory trigger, leading to the hypothesis that they 
directly stimulate peritoneal inflammation and fibrosis, 
though the potential stimulatory cytokine has yet to be 
identified[49].

Epidemiology and natural history
Given its rarity and heterogeneity of etiologies, the 
incidence and prevalence of EPS as a whole is unknown. 
In a review of idiopathic EPS, cases were more commonly 
reported from tropical and subtropical countries [China 
(54%), India (18%), Turkey (9%), and Nigeria (3%)][6]. 
The mean age was 34.7 (range 7-87 years) with a 2:1 
male predominance. 

In peritoneal dialysis, the annual incidence of EPS 
varies from 0.14% to 2.5%[41,50] with decreasing inci­
dence in more recent studies likely due to improved 
dialysis techniques[17,50]. The most significant risk factor 
for EPS development is duration of PD[17] with a low cumu­
lative incidence at 3 years increasing after 5 years[17,40,41]. 
At 8 years, 10%-20% of PD patients will develop 
EPS[17,51-54]. The prevalence of EPS in PD has been obser­
ved between 0.4% and 8.9%[17]. Mortality in PD patients 
approaches 50% one year after diagnosis[17,50,55] though 
it is difficult to ascertain how much of this is related to 
EPS or the comorbidities that accompany end-stage renal 
disease. 
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DIAGNOSIS
Clinical presentation
The diagnosis of EPS is clinical, based on a constellation 
of clinical findings, and confirmed radiographically or by 
laparotomy[5,17,56,57]. No gold standard exists for diagnosis. 
However, a diagnostic algorithm is proposed in Figure 2. 
A majority of PD-associated EPS patients present after 
withdrawal of PD, with onset of symptoms occurring up 
to 5 years later[17]. In the largest case series of idiopathic 
EPS, the average duration of symptoms was 3.9 years 
prior to presentation with the vast majority presenting 
malnourished (75%, mean BMI 17.5 kg/m2)[4]. The 
most common presenting symptoms were abdominal 

pain (86%), abdominal distension (82%), and nausea 
and vomiting (54%). Twenty-nine percent of patients 
underwent “emergency surgery” on presentation im­
plying that, despite the chronic, insidious nature of the 
disease, a significant percentage present with more 
acute obstruction, ischemia, or perforation[4]. 

Imaging 
Imaging is often helpful in differentiating EPS from other 
causes of intestinal obstruction. Abdominal plain films 
showing peritoneal calcification as well as dilated loops 
of bowel with air-fluid levels may suggest advanced 
EPS[56,58]. Small bowel follow-through may show delayed 
transit, distension proximal to small bowel adhesions, 
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Primary (idiopathic)

   2:1 (male:female)
   Most commonly reported in tropical/subtropical regions 
Secondary
   Medications
   Practolol[6]

   Methotrexate[7,8]

   Antiepileptic drugs[9]

   Infection 
   Tuberculosis[10]

   Non-tuberculous mycobacteria[11]

   Bacterial peritonitis[12]

   Cytomegalovirus[13]

   Fungus[14,15]

   Parasite[16] 

   Cirrhosis[28] 
   Organ transplantation
   Liver[29]

   Small intestine[30]

   Renal[31]

   Gynecologic neoplasms
   Luteinized thecoma[33]

   Luteinizing granulosa cell tumor[34]

   Mechanical or chemical irritation
   Peritoneal dialysis[17]

   Intraperitoneal chemotherapy[18]

   Ventriculoperitoneal shunt[20]

   Peritoneovenous shunt[21]

   Intraperitoneal iodine[22]

   Abdominal trauma[23] 

   Intraabdominal surgery[24]

   Foreign body[25] 

   Talcum powder[19] 

   Asbestos[26]

   Silica[27]

   Endometriosis[32] 
   Dermoid cyst rupture[35] 

   Rheumatologic/systemic inflammatory 
   conditions
   Sarcoidosis[36] 

   Systemic lupus erythematosis[37]

   Familial Mediterranean fever[38]

Table 1  Classification and etiologies of encapsulating peritoneal sclerosis

Profibrotic gene 
expression

Predisposing factors Inciting factors

Peritoneal sclerosis/deterioration
Long-term PD

Other recurrent peritoneal insults

Proinflammatory, 
proangiogenic cytokines

Genetic predisposition

Medications
Infection

Mechanical/chemical irritation
Systemic rheumatologic/inflammatory conditions

TGFβ1
IL-6

CCN2
VEGF

COL1A1
Sulfatase 1

Thrombospondin 1
Fibronectin 1

α smooth muscle actin

Peritoneal fibrosis, thickening, and adhesions

Mesothelial-to-mesenchymal transition

direct 
stimulation

Luteinizing 
gynecologic 
neoplasms

Figure 1  Pathophysiology of encapsulating peritoneal sclerosis. Certain predisposing factors may be present for encapsulating peritoneal sclerosis to form, such 
as genetic predisposition or being on long-term peritoneal dialysis. Inciting factors that may push the physiology towards a pro-inflammatory and pro-fibrotic state 
include medications, repeated chemical or mechanical peritoneal irritation, recurrent infections, and systemic rheumatologic or inflammatory conditions. 
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Histopathology
Histologic findings in EPS are non-specific and may 
overlap with findings in simple peritoneal sclerosis or 
infectious peritonitis[17]. Microscopically, the mesothelial 
cell layer is denuded with fibroblast proliferation and 
fibrocollagenous deposition frequently with fibrin deposi
tion[42]. An inflammatory mononuclear cell infiltrate 
may be present in active inflammation[42]. Podoplanin, 
a transmembrane glycoprotein found on peritoneal 
mesothelial cells that binds inflammatory cytokines, 
helps differentiate EPS from peritoneal sclerosis and peri­
tonitis[45,66]. Generally, a thickened fibrocollagenous mem
brane in the setting of the previously described clinical 
syndrome is sufficient for diagnosis.

EPS staging
A staging system has been proposed in the PD-associated 
EPS literature, based on a combination of clinical, labo­
ratory, and radiographic findings[53,56,57]. Nakamoto et 
al[56] categorized patients with EPS into Stage 1 (pre-
EPS), Stage 2 (inflammatory), Stage 3 (encapsulating), 
and Stage 4 (chronic) based on abdominal symptoms, 
inflammation, encapsulation, and intestinal findings (Table 
2). Different therapeutic approaches have been proposed 
depending on the stage of disease[53,56 ,57].

TREATMENT
Treatment of underlying condition
When possible, the underlying condition leading to 
EPS should be treated. In the case of PD, this involves 
cessation of peritoneal dialysis and transition to hemodia­
lysis[57]. In non-PD EPS, potential offending medications 

and have a “cauliflower” appearance from compression 
of tightly adherent loops of bowel by EPS[5]. On ultra­
sonography, dilated loops of bowel may be matted toge­
ther and tethered posteriorly or encased by a dense 
fibrous membrane[5]. Intraperitoneal echogenic strands 
may cause the bowel wall to appear trilaminar[56,58]. 

CT scan is currently the best studied and most com­
monly used imaging technique in the diagnosis of EPS. 
Small-bowel loops are often tethered together in an 
enveloping, thickened peritoneum, typically accompanied 
with proximal bowel dilation[58]. Other radiographic 
features include loculated ascites, increased density of 
mesenteric fat, and localized or diffuse peritoneal calcifi
cation[56,59]. While the presence of complex loculations 
could be from intra-abdominal hemorrhage, it should 
raise suspicion for perforation or sepsis, especially if they 
contain gas[60]. Increased bowel wall enhancement or 
thickening indicates ongoing inflammation or transition 
to transmural fibrosis[58,60]. Magnetic resonance imaging 
has been used less frequently for diagnosis but likely has 
similar yields. Advantages include avoidance of ionizing 
radiation and better delineation of bowel encasement 
and peritoneal thickening[61]. 

Laboratory
Laboratory findings in EPS are non-specific and related 
to underlying infection, malnutrition, and inflamma­
tion[30,39,62]. Levels of inflammatory cytokines have 
been shown to be higher in dialysate in EPS patients 
compared to PD controls up to years in advance of 
clinical development of EPS[63-65]. However, no biomar­
ker has been found to be useful in predicting EPS devel­
opment[64]. 

Suspected EPS

History and physical

CT consistent with EPS?

Staging/treatment Exploratory laparotomy
consistent with EPS?

Proceed to 
treatment
algorithm

Consider
alternative
diagnosis

Presenting Features:
-Continuous, intermittent, or repeated intestinal obstruction
-Weight loss, malnutrition, and failure to thrive

History:
- Risk factors (see Table 1)
- Anorexia and early satiety
- Abdominal pain
- Constipation or diarrhea
- Nausea and vomiting

Physical:
- Abdominal distension
- Abdominal mass
- Ascites
- Fever
- Cachexia

CT scan
- Thickened peritoneum
- Peritoneal calcifications
- Dilated loops of bowel
- Small bowel tethering
- Loculated ascites

Labs:
- Low albumin
- Elevated CRP
- Leukocytosis
- Anemia

Exploratory laparotomy:
- Thickened, brownish peritoneum
- Cocoon-like bowel encapsulation
- Adherent loops of small bowel
- Peritoneal calcification

Histology:
- Fibroblasts and collagen
- Fibrin deposition
- Mesothelial denudation
- Neoangiogenesis
- Mononuclear infiltrate

Yes

Yes No

No

Figure 2  Proposed algorithm for the diagnosis of encapsulating peritoneal sclerosis. The diagnosis of EPS is a clinical one that can be confirmed with imaging 
or at laparotomy. Various presenting features and symptoms, clues obtained in the history (risk factors) and physical exam can point towards the diagnosis of EPS. 
CT/MRI findings include thickened peritoneum, calcifications, and may even demonstrate cocooning of the bowel with proximal dilation, as seen in our case. EPS: 
Encapsulating peritoneal sclerosis
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should be withdrawn and underlying infection or inflam
matory conditions should be treated. Despite withdrawal 
of the offending agent or treatment of the underlying 
condition, resolution of EPS is unlikely given its chronic, 
fibrotic nature and treatment of ongoing inflammation or 
the underlying fibrosis is frequently necessary[6,8,14,67].

Nutritional support
On diagnosis of EPS, nutritional status should be asses­
sed. While bowel rest and TPN alone are not effective 
in treating EPS[68], ensuring adequate nutrition is essen­
tial. Given obstruction, enteral feeding is often not tole­
rated and TPN is required[69]. A case series in China, 
showed preoperative TPN reduced serious postoperative 
complications and hospital stay[4]. 

Immunosuppression
The effect of immunosuppression on EPS was first noted 
in kidney transplant patients who developed improve­
ment in EPS symptoms after institution of immuno­
suppression[70]. Numerous medications have been tried 
targeting the inflammatory component of EPS, including 
corticosteroids, colchicine, azathioprine, cyclosporine, 
mycophenolate mofetil (MMF), and mammalian target 
of rapamycin (mTOR) inhibitors[71-76]. Of these, cortico­
steroids are the best studied and, while the mTOR 
inhibitors and MMF carry the theoretical advantage of 
improving fibrosis as well, evidence is anecdotal and 
largely confined to post-kidney transplant patients with 
additional indications for immunosuppression[73,75].

Evidence for corticosteroid use is confined to obser
vational studies with inconsistent formulation, dosing, 
duration, and end points (Table 3). In the earliest study 
by Kuriyama et al[77], all patients who did not receive 
corticosteroids died within 8 mo, while those who re­
ceived prednisolone survived at 1-3 years of follow-up 
with only one requiring surgical intervention. In a larger 
retrospective case series without a control comparison 
group, mortality was 25% for stage 4 EPS over the study 

period[71] which is lower than what is generally reported 
in natural history studies[17,50,55].

Despite this, one prospective cohort study found only 
38.5% recovered on steroids, while the remainder died 
or required surgical intervention[68]. Similarly, the largest 
retrospective study involving steroids found no improve­
ment in median survival, though treatment groups were 
too heterogeneous for meaningful analysis[55].

While EPS is thought to develop out of an inflam­
matory insult, active inflammation may not be ongoing at 
the time of presentation. It is difficult to ascertain which 
patients are actively inflamed using non-specific markers 
such as CRP and clinical observation. We recommend 
targeting immunosuppressive therapy to those thought 
to have an active inflammatory component after ex­
cluding infection. The appropriate dosing and duration 
of corticosteroids are not established. However the 
Dutch EPS Registry, in 2011 guidelines, suggests Ⅳ 
methylprednisolone (500-1000 mg/d) for 2-3 d in those 
who present with acute obstructive symptoms without 
infection[78]. In those who present with more subacute 
symptoms without infection, it is reasonable to treat with 
prednisolone at 0.5-1.0 mg/kg/d for 1 mo and taper 
over the course of a year[78]. Absence of improvement 
after 1 mo may be considered a treatment failure and we 
recommend stopping steroids and considering alternative 
therapy such as tamoxifen or surgery. In the absence 
of data, other immunosuppressive medications should 
be reserved for patients with additional indications such 
as organ transplantation or strong contraindications to 
surgery.

Anti-fibrotics
Immunosuppression alone may not be effective in those 
patients who have already developed signficant fibrosis 
(Stage 3). Tamoxifen is a selective estrogen receptor 
modulator (SERM) with strong anti-fibrotic properties 
related to inhibition of TGF-β, an important cytokine in 
the fibrosis process[79]. Its successful use in EPS was 

Nakamoto 2005 Nakayama 2014

Terminology Clinical findings Terminology Clinical findings
Stage 1 Pre-EPS stage Loss of ultrafiltration capacity

Development of a high transport 
Hypoproteinemia 

Bloody dialysate, ascites
Calcifications in the peritoneum

Pre-stage Abdominal symptoms: Mild
Inflammation: Mild

Encapsulation: None

Stage 2 Inflammation stage Increased CRP, leukocytosis
Fever, chills, weight loss, anorexia

Diarrhea, ascites

Inflammatory Abdominal symptoms: Nausea, diarrhea
Inflammation: Mild to severe

Encapsulation: Partial
Stage 3 Encapsulating stage Decreased clinical signs of systemic 

inflammation 
Early signs of ileus (abdominal pain, nausea, 

vomiting)

Encapsulating Abdominal symptoms: Periodic ileus
Inflammation: Mild

Encapsulation: Present

Stage 4 Ileus stage Anorexia
Complete ileus

Abdominal mass

Chronic Abdominal symptoms: Persistent ileus
Inflammation: None to mild

Encapsulation: Present

Table 2  Stages of peritoneal dialysis-associated encapsulating peritoneal sclerosis with associated clinical, serologic, and radiographic 
profiles
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first described by Allaria et al[80] in 1999. Similar to 
corticosteroids, evidence for tamoxifen is limited to obser­
vational studies in PD patients (Table 3).

A retrospective Dutch study reported a significant 
difference in mortality (45.8% vs 74.4%, p < 0.05) with 
tamoxifen at 130 mo of follow-up with a trend towards 

Design Patient population Treatment Outcome Comments

Kuriyama
2001

Retrospective 
case-control

n = 11 
Japan 

PD patients
Age - 49.1 yr
27% female

Steroids 
Prednisolone 

Dose - 0.5 mg/kg/d 
Duration - NS

n = 5

Steroids 
All remained alive at 1-3 yr 

after diagnosis. 

All control patients were 
diagnosed prior to 1997 

and all who received 
steroids were diagnosed 

after 1997.
Control 

TPN-alone
n = 6

Control 
All died of EPS-related 

complications within 8 mo 
of diagnosis.

Kawanishi
2004

Prospective 
cohort

n = 48
Japan

PD patients Age - 
54.7 yr 

25% female

Steroids - Prednisolone 
Dose - 10-40 mg/d Methylprednisolone 

Dose - 0.5-1.0 g/d
Duration – NS

n = 39

Steroids 
Recovery - 38.5%

Surgery - 15.4% Mortality - 
31%

Six steroid patients 
underwent surgery. 
Surgical treatment 
consisted of total 

enterolysis.
Surgery 

Total enterolysis 
n = 12 

Surgery
Recovery - 58.3 % Mortality 

- 33%
Control 

TPN-alone 
n = 3

Control
Recovery - 0%

Mortality - 66%
Maruyama
2008

Retrospective 
case series

n = 79
Japan

PD patients

Steroids 
Prednisolone 

Dose – 2.6-60 mg/d
Duration - 1-36 mo

n = 79

Steroids
Mortality – 

Stage 2 – 3.6%
Stage 3 – 14.3%
Stage 4 – 25%

Did not compare to a 
control group.

Balasubramanian
2009

Retrospective 
case series

n = 111
United Kingdom
PD patients Age - 

52.0 yr
53% female

Steroids ± immunosuppression 
n = 7 

Steroids ± 
immunosuppression 
Median survival 7 mo 

Dose and duration 
of medications not 

specified. Numerous 
patients received 

combinations of therapies. 
Immunosuppression 

consisted of azathioprine, 
cyclosporin, tacrolimus, 
mycophenolate mofetil, 
or sirolimus. Unable to 

analyze statistically due to 
heterogeneity in groups.

Tamoxifen 
n = 17

Tamoxifen 
Median survival 15 mo

Tamoxifen + steroids ± 
immunosuppression 

n = 8

Tamoxifen + steroids ± 
immunosuppression 

Median survival 14 mo
Surgery 

Adhesiolysis (n = 5) jejunostomy (n = 1) 
Small bowel resection (n = 1)

Ileal-transverse colon bypass (n = 1)

Surgery 
Median survival 17 mo

Control 
No specific drug therapy (n = 46)

Control 
Median survival 13 mo

Korte
2011

Retrospective 
survival 
analysis

n = 63
Netherlands PD 

patients Age 43.4 yr 
50% female 

Tamoxifen
Dose - Dose 10 mg/d to 20 mg twice 

daily 
Duration – at least 4 wk

n = 24

Tamoxifen
Mortality rate - 45.8%

None underwent surgery 
in either group. Patients 
in both groups received 
steroids, which was not 

analyzed separately 
other than noting a 

trend towards improved 
mortality in the tamoxifen 

group.

Control
No tamoxifen 

n =39

Control
Mortality rate - 74.4%

Kawanishi
2011

Retrospective 
case series

n = 181 
Japan

PD patients

Surgery 
Total enterolysis 

n = 181

Surgery
Recurrence – 25.4%

Surgical mortality – 7.7%
Overall mortality – 35%

0/17 with Noble plication 
experienced recurrence at 8 

mo

Heterogeneous operation 
types. Those after April 

2007 received Noble 
plication.

Ulmer
2013

Retrospective 
case series

n = 26
Netherlands PD 

patients Age 54 yr
11% female 

Surgery 
Peritonectomy and enterolysis (PEEL)

Surgery
Major morbidity - 31%

Reoperation – 17%
Recurrence – 10%

Surgical mortality – 10%

8 patients received 
steroids, 1 tamoxifen, 
and 1 tacrolimus pre-

operatively.

Table 3  Summary of studies of interventions in encapsulating peritoneal sclerosis

PD: Peritoneal dialysis; EPS: Encapsulating peritoneal sclerosis.
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improved survival on survival analysis after adjusting 
for calendar time, use of corticosteroids, and use of 
parental nutrition[81]. In contrast, a retrospective study 
of PD patients from the United Kingdom (UK), did not 
find any survival benefit with tamoxifen (median 15 mo) 
compared to no therapy (12 mo) although it was limited 
by significant treatment heterogeneity[55].

The dose and duration of tamoxifen treatment is 
not well-defined. Most studies use between 10-40 
mg daily. The Dutch EPS Registry suggests starting 
with 20mg BID[78]. A clinical response is typically seen 
within 1-6 mo[11,14,82]. Treatment should be continued 
for at least a year and tapered off thereafter as long as 
the underlying condition is controlled and the patient 
has had an adequate clinical and radiologic response. 
Resolution may be seen in form of clinical improvement 
and/or evidenced by resolution of peritoneal thickening 
on follow-up imaging. Potential side effects of tamoxifen 
including deep venous thrombosis, stroke, hot flashes 
and endometrial carcinoma should be discussed prior to 
initiating therapy[83].

Surgical treatment of EPS
Given the time-consuming, hazardous, and technical 
nature of surgical techniques for EPS, surgery is recom­
mended only in patients who have failed conservative, 
medical therapy and, if possible, in centers with experi­

ence in such operations. Surgical techniques vary from 
those with curative intent, such as enterolysis (ablation 
of fibrotic tissue and lysis of adhesions), to those aimed 
at addressing a specific complication such as limited 
lysis of adhesions or resection of perforated or ischemic 
bowel. The former techniques are preferred. They have 
lower frequency of symptom recurrence, but are time-
consuming, often technically difficult, and carry a risk of 
bowel injury[84-86].

In a 17-year review of 239 cases in one center in 
Japan, in which enterolysis alone was primarily em­
ployed, mortality was 35.4% (7.7% attributed to post-
operative complications and 18.2% to persistent EPS-
related complications)[87]. During initial experience, 
25.4% required a second operation for persistent obstruc­
tive symptoms[85], but after institution of Noble plication 
(suturing of the intestines to each other) in addition to 
enterolysis, this improved to 12.3%[88]. More recent 
experience in other institutions is also encouraging with 
only 10% requiring reoperation after peritonectomy 
and enterolysis (PEEL) and 10% mortality at 1 year[86]. 
Continuation of steroids or tamoxifen post-operatively 
may reduce recurrence[89].

Dysmotility
While the primary driver of obstructive symptoms in EPS 
is mechanical and related to adhesions and constriction 

Surgery
If no response to medical 

therapy

TPN

Adjunct therapy
Opiate antagonist or pro-secretory therapy can be considered after a trial 

of anti-fibrotic therapy in absence of complete obstruction

Tamoxifen

Corticosteroids
Ensure infection ruled out

Consider switch to mTOR inhibtor if transplant patient

Treat underlying cause
(ie ., stop PD or medication, treat infection)

STAGE 1:
PRE-EPS

STAGE 2: 
Inflammatory

STAGE 3: 
Encapsulating

STAGE 4: 
Chronic ileus

IN
FL

A
M

M
A

TI
O

N

FI
BR

O
SI

S

Figure 3  Therapeutic and management approach for encapsulating peritoneal sclerosis. Treatment strategies should be tailored to each patient, depending 
on the extent and stage of EPS. In all stages, especially during the early stages, the underlying cause should be identified and treated or removed. During the earlier 
stages (Stage 1-2), the pathophysiology tends to be more inflammatory and the degree of sclerosis tends to be minimal. Thus, after infection has been ruled out, 
corticosteroids may be of benefit. In the later stages (Stage 3-4), more advanced sclerosis may be present, and patients may start exhibiting signs and symptoms of 
partial or complete bowel obstruction. In treating abdominal pain, opioids should be avoided. However, this may not always be possible and thus opiate antagonists 
are recommended in this setting. Tamoxifen plays an increasing rule in the later stages. If poor oral intake or malnutrition is present, total parenteral nutrition may 
be required. If symptoms are severe and there has been no response to medical therapy, surgical intervention may be considered. EPS: Encapsulating peritoneal 
sclerosis.
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within the encapsulating peritoneum, we hypothesize 
dysmotility may also play a role both through disruption 
of the myenteric plexus by fibrosis and increased endo
genous opioids from activated lymphocytes inhibiting 
both propulsive motor and secretory activity in the 
gut[66,90,91]. Successful use of methylnaltrexone to combat 
inflammation-associated dysmotility has been described 
in anti-Hu-associated intestinal pseudo-obstruction[92]. 
We suggest use of a μ-opioid antagonist and a guanylate 
cyclase C agonist in patients who remain symptomatic, 
but have already been started on appropriate anti-fibrotic 
therapy (figure 3). 

CONCLUSION
Encapsulating peritoneal sclerosis is a rare, but deva­
stating condition associated with high morbidity and 
mortality. A high index of suspicion is warranted in pa­
tients with unexplained recurrent symptoms of bowel 
obstruction. A careful history should be obtained to 
identify patients with known risk factors. EPS can be 
divided into primary (idiopathic) or secondary. Impli­
cated triggers may include medications, infections, 
chronic mechanical or chemical irritation, especially 
in patients on peritoneal dialysis, or in various other 
chronic, inflammatory diseases (cirrhosis, history of 
organ transplant, gynecologic or rheumatologic con­
ditions). Diagnosis is clinical, and can be confirmed 
by x-ray or laparotomy. Treatment should be directed 
at the underlying condition, optimizing nutrition, and 
corticosteroids or tamoxifen alone-or in combination-
depending on disease state and contraindications. In 
patients who have failed conservative medical therapy, 
surgical enterolysis should be considered. 

Prior studies have been limited by inconsistent defi
nitions and staging of EPS, and all treatment studies 
have been observational with variable dosage, duration 
of treatment, and outcomes. Since treatment may 
vary based on disease stage, future studies should ap­
propriately document disease stage when assessing 
treatment. Long-term longitudinal data from past case 
series may shed more light on the natural history of 
EPS and mortality benefits of certain treatments. A 
gap in knowledge still exists in our understanding of 
the underlying pathogenesis of EPS and fibrosis, and 
will need to be bridged in order to develop effective 
therapies. 
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