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Abstract
BACKGROUND 
Abdominal cocoon or “encapsulating peritoneal sclerosis” (EPS) is an uncommon 
and rare cause of intestinal obstruction. Only a few cases have been reported in 
paediatric patients. Typically, EPS is described as the primary form in young 
adolescent girls from tropical and subtropical countries because of viral peritonitis 
due to retrograde menstruation or a history of peritoneal dialysis. Most patients 
are asymptomatic or present with abdominal pain, which is likely to occur 
secondary to subacute bowel obstruction. Findings at imaging, such as ultra-
sound, computed tomography, and magnetic resonance imaging, are often 
nonspecific. When diagnosed, EPS is characterized by total or partial encasement 
of the bowel within a thick fibrocollagenous membrane that envelopes the small 
intestine in the form of a cocoon because of chronic intraabdominal fibroinflam-
matory processes. The membrane forms a fibrous tissue sheet that covers, fixes, 
and finely constricts the gut, compromising its motility.

CASE SUMMARY 
We present a case of EPS in a 12-year-old boy 8 wk after primary surgery for 
resection of symptomatic jejunal angiodysplasia. There was no history of 
peritoneal dialysis or drug intake.

CONCLUSION 
In this report, we sought to highlight the diagnostic, surgical, and histopatho-
logical characteristics and review the current literature on EPS in paediatric 
patients.

Key Words: Abdominal cocoon; Peritoneal encapsulation; Encapsulating peritoneal 
sclerosis; Intestinal obstruction; Children; Case report
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Core Tip: Abdominal cocoon syndrome is rare in children. Cases with no history of 
previous peritoneal dialysis are practically nonexistent. Our report of a 12-year-old boy 
reveals that abdominal surgery can be a trigger for the development of encapsulating 
peritoneal sclerosis (EPS). Indications for surgery for EPS are usually due to 
mechanical ileus, and the final diagnosis is made intraoperatively. Surgical therapy for 
EPS is the first choice, and total intestinal enterolysis of EPS seems to be the best 
approach. The long-term prognosis for children is good.

Citation: Keese D, Schmedding A, Saalabian K, Lakshin G, Fiegel H, Rolle U. Abdominal 
cocoon in children: A case report and review of literature. World J Gastroenterol 2021; 27(37): 
6332-6344
URL: https://www.wjgnet.com/1007-9327/full/v27/i37/6332.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i37.6332

INTRODUCTION
Encapsulating bowel disease is a very rare but serious condition. The differentiation 
between congenital peritoneal encapsulation (CPE) and encapsulating peritoneal 
sclerosis (EPS) is obvious. CPE, reported for the first time in 1868 by Cleland[1], is the 
result of an embryological intestinal malformation that occurs when the yolk sac 
returns to the abdominal cavity, creating an accessory membrane covering the bowel. 
This is to be distinguished from EPS, which is far more common than CPE and was 
first described in 1907 by Owtschinnikow[2] with the term “peritonitis chronica fibrosa 
incapsulata”. In 1987, Foo et al[3] used the term “abdominal cocoon” for primary or 
idiopathic EPS in cases where no established cause could be identified.

EPS has been recognized to occur in various geographically and ethnically diverse 
locations. In addition to various terms, such as “peritoneal sclerosis, peritoneal 
fibrosis, sclerosing peritonitis, sclerotic thickening of the peritoneal membrane, 
sclerosing obstructive peritonitis or encapsulating peritonitis”, EPS is the most 
common name[4]. Because inflammatory features are not always apparent, the use of 
the word peritonitis, as in the general terminology, is not preferred. ESP has been 
proposed as the appropriate term by the International Society for Peritoneal Dialysis 
when peritoneal dialysis is the reason for the ubiquitous inflammatory processes that 
cause cocoon formations. Today, most authors use the term abdominal cocoon not 
only for the primary or idiopathic form but also for the secondary form of EPS[5-8] 
(Figure 1). The primary type is classically described in young adolescent girls from 
tropical and subtropical countries, which is mostly idiopathic in nature. A few of the 
etiopathogenesis proposed for the primary form are viral peritonitis, retrograde 
menstruation with superimposed viral infection, and gynecological infection-inducing 
cell-mediated immunological tissue damage. However, these theories may not explain 
the etiopathogenesis in all patients, as this condition is also seen in men, premenstrual 
women, and children. The secondary form can occur secondary to multiple predis-
posing factors in addition to peritoneal dialysis, e.g., peritoneum inflammation with 
fibroblastic proliferation, systemic lupus erythematosus, liver cirrhosis, endometriotic 
cyst, abdominal trauma/surgery, abdominal tuberculosis, or malignancy[9,10].

EPS is characterized by total or partial encasement of the bowel within a thick 
fibrocollagenous membrane that envelopes the small intestine in the form of a cocoon 
as a result of chronic intraabdominal fibroinflammatory processes[11]. The result is the 
formation of fibrous tissue sheets that cover, fix, and ultimately constrict the gut, 
compromising its motility. Most patients are asymptomatic or present with (recurrent) 
abdominal pain, which is likely to occur secondary to partial/complete bowel 
obstruction. Usually, patients have had prior episodes with similar symptoms that 
have resolved spontaneously. With the development of complete sclerosis due to the 
formation of a cocoon, there are overt signs of mechanical ileus.

Clinically, the abdomen is often soft at palpation. A soft nontender mass may be 
palpable in the central part of the abdomen, which represents clumped-up bowel 
loops. Imaging findings seen on ultrasound (US), computed tomography (CT), and 
magnetic resonance imaging (MRI) are often nonspecific[7]. Other imaging modalities, 
such as barium studies or positron emission tomography studies, have been discussed 
and have not revealed any appreciable advantage in the diagnosis of EPS. Therefore, 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Figure 1 Flow chart and classification for encapsulating bowel diseases. EPS: Encapsulating peritoneal sclerosis; CPE: Congenital peritoneal 
encapsulation.

this condition is often only diagnosed intraoperatively, followed by histological 
analysis[12].

EPS has a clearly different histology than CPE. The thin membrane on the visceral 
peritoneum contributes to the formation of the intestinal encapsulation of EPS. 
Histologically, the membrane is comprised mainly of organized fibrin, probably 
derived from plasma exudation from the peritoneal microvasculature. Peritoneal 
fibroblasts appear swollen and exhibit an increased level of cellularity, accompanied 
by the expression of various activation and proliferation markers. Persistent inflam-
matory changes are also predictive of the onset of EPS[4].

The development of EPS has been divided, taking into account clinical and 
pathological findings in four stages, as proposed by Nakamoto[13]. The pre-EPS stage 
is characterized by the presence of ultrafiltration failure and/or altered solute 
transport status; this is followed by inflammatory, encapsulating, and obstructive 
phases, the last of which is characterized by intestinal obstruction and the formation of 
an “abdominal cocoon”. A staging system has been proposed in the peritoneal catheter 
(PD)-associated EPS literature based on a combination of clinical, laboratory, and 
radiographic findings. Nakamoto[13] 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 (Figure 2). 
Different conservative therapeutic approaches have been proposed depending on the 
stage of the disease, which include nutritional support, immunosuppression with 
corticosteroids as the best studied, colchicine, azathioprine, mycophenolate mofetil, 
cyclosporine, and mammalian target of rapamycin. Furthermore, antifibrotics such as 
tamoxifen can increase the efficiency of immunosuppressive drugs.

The division into four disease stages enables stage-appropriate therapy for EPS. 
Table 1 shows the stage-dependent therapy of EPS according to Nakamoto[13]. For a 
long time, surgical treatment of EPS was not considered appropriate due to the high 
perioperative mortality rate of up to 70%. On the other hand, several studies showed 
that, independent of the therapy procedure, the overall mortality in EPS patients was 
67%. In a recent study, the mortality in surgically treated patients was only 42%. This 
reduction in mortality can only be achieved by timely and adequate surgical therapy. 
However, to date, there is neither a uniform surgical therapy concept nor standardized 
perioperative management.

To our knowledge, there has been no prior definitive, systematic review of EPS in 
children without a history of PD. Due to the assumption that younger patients are at 
greater risk for EPS, it is important to highlight the age groups of the patients.

In the following, we present a case of a 12-year-old boy with EPS 8 wk after primary 
laparotomy. We report his medical history, clinical presentation at admission, 
laboratory values, preoperative diagnostic and intraoperative findings, histological 
results, and days until discharge (short-term outcomes). The main objective of the 
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Table 1 Summary of therapy options of encapsulating peritoneal sclerosis according to the staging system

Stage Therapy options

Discontinuation of pertioneal dialysis

("Sedation" of the peritoneum)

Peritoneal lavage

Stage 1/pre-EPS

Glucocorticoids

Stage 2 Glucocorticoids

GlucocorticoidsStage 3

Total parenteral nutrition

Stage 4 Operation

EPS: Encapsulating peritoneal sclerosis.

Figure 2 Stages of encapsulating peritoneal sclerosis with associated clinical, serologic, and intestinal findings. EPS: Encapsulating 
peritoneal sclerosis; CRP: C-reactive protein.

present study was to perform a systematic review of the literature to identify studies 
on EPS/abdominal cocoons in children. For review, we scanned PubMed, Medline, 
and Google Scholar search engines for articles containing the terms “EPS”, “abdominal 
cocoon”, “abdominal cocoon syndrome”, “encapsulating bowel disease”, and “SEP”, 
children and paediatric” published from January 1990 to January 2020. Terms were 
entered alone or in combinations.

We included all articles reporting case series or case reports in the English and 
German languages. All series and case reports reporting patients younger than 18 
years were included (quantitative screening). Further eligibility criteria were a report 
of the clinical presentation, sex and age, operation as the treatment, and histopatho-
logical findings (qualitative screening). Data for all clinical, diagnostic, therapeutic, 
and etiologic findings were collected from the different databases. We included 
primary (idiopathic) and secondary forms [abdominal surgery, abdominal trauma, 
abdominal tuberculosis, peritoneal shunts, liver transplantation, recurrent peritonitis, 
beta-blocker treatment (practolol or propranolol), chemotherapy, gastrointestinal 
malignancy, systemic lupus erythaematosus, or parasitic infection] of EPS with the 
exception of EPS due to PD. We excluded PD-associated EPS because, as mentioned 
above, in these cases, ESP is the appropriate term with inflammatory processes in the 
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cocoon, such as formation of the bowel. We then created a PRISMA flow chart 
showing the results of the literature search (Figure 3).

CASE PRESENTATION
Chief complaints
A 12-year-old boy with Xq24 deletion syndrome presented with symptoms of 
intermittent intestinal obstruction 8 wk after primary surgery.

History of present illness
The child was symptomatic with a distended abdomen, refusal of feeds, and episodes 
of abdominal pain. Furthermore, he presented with large gastric residuals that became 
bilious in the next week.

History of past illness
Eight weeks previously, he presented with suspected intestinal bleeding without 
further symptoms. US, abdominal MRI, endoscopy, and laparoscopy did not reveal the 
cause of the chronic bleeding. Specialized angiographic MRI was suspicious for a small 
intraluminal vascular tumour in the ileum. Limited laparotomy and meticulous 
palpation of the small bowel enabled the identification of the tumour in the lower 
ileum. Limited small bowel resection and primary anastomosis were performed. 
Further clinical investigation of the whole small and large bowel did not reveal any 
further pathological findings. Histopathological examination showed a venous 
malformation (2.5 cm × 2.0 cm) at the transition of the jejunum to the ileum. The 
following clinical course was uneventful. The boy was discharged on the 5th 
postoperative day.

Personal and family history
Except for Xq24 deletion syndrome, there was no other personal or family history of 
acute or chronic disease.

Physical examination
On physical examination, the patient showed a distended abdomen and abdominal 
pain. The examination of the heart, lungs, and further organ status showed no 
abnormalities. Due to his Xq24 deletion syndrome, he showed psychomotor delay, 
intellectual disability, and a characteristic craniofacial dysmorphism.

Laboratory examinations
Laboratory findings showed slightly elevated C-reactive protein (0.3 mg/dL) and 
normal findings across the rest of the blood panel.

Imaging examinations
The abdominal US showed pendulum peristalsis and free fluid in the abdominal 
cavity, and a plain abdominal X-ray showed some air fluid levels (Figure 4A). A 
gastrointestinal contrast study was performed, which revealed distended small bowel 
loops (maximum diameter of 50 mm) and narrow segments of the large intestine. 
There was appropriate intestinal transit, with the presence of contrast in the jejunal 
and ileal loops after 1 h of administration. The contrast agent arrived at the terminal 
ileum and caecum at 2 h of intestinal transit. Due to the inconclusive results, we 
performed MRI, which revealed a distended duodenum and small bowel loops with 
multiple intraluminal air fluid levels and thickened walls but with no signs of 
obstruction (Figure 4B).

FINAL DIAGNOSIS
Due to the clinical symptoms of obstructive bowel disease and inconclusive 
radiological signs, the patient underwent relaparotomy. Intraoperatively, we found a 
completely encapsulated small bowel (Figure 5). The massive, fibroconnective 
membrane encapsulated the bowel from the ligament of Treitz to the ileocecal 
junction. The thick, firm, and white membrane was not attached to the parietal 
peritoneum. Microscopic findings showed partially mesothelium-covered, predom-
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Figure 3  PRSIMA Flow chart showing the results of the literature search.

Figure 4 Diagnostic imaging. A: X-ray with lateral abdominal view showing some air fluid levels; B: Magnetic resonance imaging in coronal plane with distended 
duodenum and small bowel loops with multiple intraluminal air fluid levels and thickened walls.

inantly edematous loosened fibre-rich connective tissue with prominent, predom-
inantly small vessels with a prominent endothelial lining with hyperchromatic oval 
nuclei, mostly positive for CD31 and CD34. No evidence of malignancy was found 
(Figure 6).

TREATMENT
We performed extensive adhesiolysis by peeling the fibrous pseudocapsulae from the 
small bowel. This resulted in freeing of the small bowel but also in multiple serosal 
injuries with diffuse bleeding. No bowel perforation occurred.
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Figure 5  The small bowel is shortened, considerably thickened, and covered with a fibrous membrane, which separates and constricts 
the entire small intestine from approximately 10 cm distal to Treitz's ligament to approximately 5 cm proximal to the ileocecal junction.

Figure 6  Microscopic findings showed partially mesothelium-covered, predominantly edematous loosened fiber-rich connective tissue 
with prominent, predominantly small vessels with prominent endothelial lining with hyperchromatic oval nuclei.

OUTCOME AND FOLLOW-UP
The following clinical course was prolonged due to peritonitis, massive ascites, and 
paralytic ileus. Eventually, 2 wk after surgery, the first feeds could be established, and 
the child was discharged on the 23rd postoperative day. The follow-up is now 12 mo 
and uneventful. A summary of the most relevant aspects of the case is listed in Table 2.

DISCUSSION
Literature review
Articles identified after reviewing and applying the inclusion criteria are listed in 
Table 3. No comparable case could be found in children presenting with EPS after 
surgery. Sahoo et al[14] reported EPS as an idiopathic form in a case series of 4 patients 
(3 boys, 1 girl) between 6 and 8 years of age, and Mehta et al[15] and Bassiouny et al[16] 
reported EPS in a 7-year-old boy without underlying disease. Ahmad et al[17] 
mentioned a case report of EPS in a newborn as a consequence of meconium 
peritonitis. In total, 27 articles could be found reporting 33 patients (Table 3). Among 
these patients, 24 were girls and 9 were boys. Their ages ranged from 2 d to 17 years. 
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Table 2 Summery of our patient data

Age Clinical symptoms Labatory 
findings Intraoperive findings Histology

11 
yr

Abdominal pain; Distended 
abdomen; Vomiting (bilious)

CRP: 0.3 
mg/dL

Complete; encapsulation of 
the small bowel

Fibrous connective tissue with prominent vas-cularization, 
predomi-nantly from the venous type

CRP: C-reactive protein.

Especially in older patients (≥ 10 years of age), EPS was detected more often in girls 
(f:m = 22:2). Various radiological modalities for diagnosis (singly or in addition) were 
reported, such as abdominal X-rays (n = 21), US (n = 18), contrast studies (n = 8), and 
CT scans (n = 11). In three cases, no diagnostic tool was mentioned. Thirty-two 
patients underwent surgery (laparotomy), while 1 patient underwent conservative 
treatment with antitubercular medications. When laparotomy was performed, adhesi-
olysis and excision was the treatment of the choice (n = 32). Two patients underwent 
appendectomy simultaneously, and two patients underwent temporary enterostomy 
due to pronounced bowel inflammation. In 3 patients, limited bowel resection, 
including the ileocecal region, was performed since it was too difficult to incise and 
release the envelope without injuring the intestines. In all reported cases with surgical 
treatment, the operation and postoperative period were uneventful.

Discussion
The clinical picture of EPS is largely unknown in the medical world[18]. The 
embryonal condition is characterized by an accessory peritoneal sac derived from the 
peritoneum of the yolk sac as it is withdrawn into the abdominal cavity during the 12th 
week of gestation[3]. Only a few risk factors are known[9]. This disease can occur as a 
late consequence of long-term peritoneal dialysis[19-23]. However, even this is not 
necessarily always the case, since cases are known in which EPS is already visible 
shortly after initiation of PD therapy[11]. In these cases, the mortality depends on the 
duration of PD, ranging between 30% and 60%. In other cases where EPS is not 
associated with PD, various reports have reported beta blockers as the cause of EPS
[10]. In animal models, practolol inhibits the release of surfactant from type II 
pneumocytes, resulting in damage to the abdominal serosa[24]. Tumours with 
peritoneal dissemination and infectious peritonitis are other frequently mentioned risk 
factors for EPS, supported by epidemiological data. Pathogens significantly increase 
the risk, highlighting Staphylococcus aureus, fungi, Pseudomonas spp., and Haemophilus 
influenza[3,4,10]. Fowler et al[25] suggested echovirus infection as an etiologic factor, 
and Foo et al[3] thought tuberculosis could be involved.

Several theories have been formulated about the pathogenesis of idiopathic EPS
[26], for example, retrograde menstruation due to virus infection or pelvic peritonitis 
with tissue damage incurred by cell-mediated immunity[3,5,11]. Retrograde 
menstruation explains the relatively high number of adolescent girls with idiopathic 
abdominal cocoons (Table 3). Moreover, several tumour entities and/or abdominal 
operations may lead to adhesions and peritoneal fibrosis[27-29]. Therefore, overall, the 
most common theory is developing a membrane in the form of sclerosis secondary to 
peritonitis[17,18]. Prospectively controlled randomized studies are lacking, and most 
studies on EPS present small patient collections over a long period of time[10-13].

The presented case is very unusual because of the child’s young age, the atypical 
geographical region, and a very rare cause (secondary to abdominal surgery). Most of 
the other publications with paediatric patient collections are secondary forms after 
tuberculosis infection or after prolonged PD. The short time interval to the primary 
laparotomy in our patient is a special feature that has not been described in the 
literature thus far. EPS after kidney transplantation (as an abdominal surgical 
intervention) has been reported in case reports; however, these patients also had a 
history of PD or chronic kidney diseases[30]. In many cases of idiopathic EPS, no 
correlation can be detected with any potential risk factor[4,31-33]. Nevertheless, two 
considerations are important: First, in these forms, peritoneal disorders are often 
associated with general connective tissue damage, particularly of the serous 
membranes, such as abdominal trauma; this indicates a major role of immunopatho-
genesis in EPS. The second factor can be a genetic predisposition, which is suggested 
due to the high frequency of EPS in women from subtropical regions and familial 
forms such as multifocal family fibrosclerosis.
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Table 3 Systematic literature review-patient data

Ref. Age/sex Clinical presantation Diagnostic Etiology Treatment

Ahmad et al[17], 
2013

2 d/m Polyhydramnion, vomiting, abdominal 
distension, failure to pass meconium

US, X-ray Meconium 
peritonitis

Surgery

Sahoo et al[14] 1996 6 yr/m Abdominal pain, bilious vomiting US, X-ray, BMFT Idiopathic Surgery

Mehta et al[15], 1994 7 yr/m Colicky periumbilical pain, vomiting, 
constipation

US, X-ray Idiopathic Surgery

Bassiouny et al[16], 
2011

7 yr/m Crampy abdominal pain X-ray, contrast 
enema

Idiopathic Surgery

Sahoo et al[14], 1996 6 yr/m Constipation, on-and-off vomiting US, X-ray, BMFT Idiopathic Surgery

Tolstrup et al[35], 
2017

8 yr/f Signs of enteritis CT Idiopathic Surgery

Sahoo et al[14], 1996 8 yr/f Intermittent bilious vomiting, abdominal 
distension

BMFT Idiopathic Surgery

Sahoo et al[14], 1996 8 yr/m Colicky abdominal pain, vomiting, constipation X-ray Idiopathic Surgery

Kaushik et al[10], 
2006

9 yr/m Abdominal pain, vomiting, constipation - Abdominal 
tuberculosis

Surgery (with temp. 
enterostomy)

Okobia et al[37], 2001 10 yr/f Abdominal pain, abdominal distension, weight 
loss

X-ray Idiopathic Surgery (with 
appendectomy)

Bassiouny et al[16], 
2011

12 yr/f Colicky abdominal pain, vomiting US, X-ray Idiopathic Surgery

Okobia et al[37], 2001 12 yr/f Colicky abdominal pain, abdominal distension US, X-ray Idiopathic Surgery (with 
appendectomy)

Dehn et al[29], 1985 12 yr/f Abdominal pain, bilious vomiting US, X-ray Idiopathic Surgery

Kayastha et al[23], 
2012

13 yr/f Abdominal pain in tright iliac region, vomiting US Idiopathic Surgery

Sreevathsa et al[33], 
2013

13 yr/f Colicky central abdominal pain US, X-ray, BMFT Idiopathic Surgery (with ileocaecal 
resection) 

Pillai et al[26], 2006 13 yr/f Abdominal pain, vomiting US, X-ray, CT Idiopathic Surgery

Chatura et al[40], 
2012

14 yr/f Colicky abdominal pain US Idiopathic Surgery (with 
ileocolectomy)

Ibrahim et al[41], 
2009

14 yr/m Colicky abdominal pain, vomiting, constipation X-ray Idiopathic Surgery (with 
appendectomy)

Calvo et al[42], 2015 14 yr/f Colicky abdominal pain, bilious vomiting, 
weight loss

US, CT Idiopathic Surgery

Shah et al[43], 2013 14 yr/f Colicky abdominal pain, vomiting CT / BMFT Idiopathic Surgery

Sreevathsa et al[33], 
2013

14 yr/f Colicky central abdominal pain US, X-ray, BMFT Idiopathic Surgery (with ileocaecal 
resection) 

Kumar et al[44], 2012 14 yr/f Colicky abdominal pain, vomiting US, CT Idiopathic Conservatively

Yucel et al[53], 2011 15 yr/f Abdominal pain X-ray, CT Idiopathic Surgery

Raju[45], 2004 15 yr/f Recurrent abdominal pain X-ray, contrast 
study

Idiopathic Surgery

Ndiaye et al[46], 2012 15 yr/f Subocclusive obstruction, loss of weight (11kg) CT Idiopathic Surgery

Choudhury et al[47], 
2009

15 yr/f Crampy abdominal pain right abdomen, weight 
loss

- Idiopathic Surgery (with partial 
ileocolic resection)

Mordehai et al[48], 
2001

15 yr/f Crampy abdominal pain US, X-ray Idiopathic Surgery

Mohanty et al[49], 
2009

15 yr/f Colicky abdominal pain, vomiting US, X-ray, CT Idiopathic Surgery

Kumar et al[36], 2009 16 yr/f Abdominal pain in the left lower abdomen, 
vomiting

US, X-ray, CT Idiopathic Surgery

Jayant et al[50], 2011 16 yr/f Small bowel obstruction CT Idiopathic Surgery
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Kaushik et al[10], 
2006

17 yr/m Abdominal pain, vomiting, constipation - Abdominal 
tuberculosis

Surgery (with temp. 
enterostomy)

Naniwadekar et al
[51], 2014

17 yr/f Abdominal pain, vomiting, constipation US, X-ray, GI 
scopy

Idiopathic Surgery

Kaur et al[52], 2012 17 yr/f Recurrent abdominal pain US, X-ray, CT Idiopathic Surgery

BMFT: Barium meal follow-through; CT: Computer tomography; f: Female; GI: Gastrointestinal; m: Male; US: Ultrasound.

In reports including patients with long-term PD, pathogenesis is often described 
with the “two-hit”-hypothesis[3,4] when disruption of normal peritoneal/mesothelial 
physiology is a result of extensive PD over a period of years and predisposes the 
individual to a second hit that triggers the process. This second hit may take the form 
of an episode of peritonitis, discontinuing PD, or an acute intra-abdominal event. In 
our case, this hypothesis is unlikely because he was a non-PD patient, and there was a 
very short period between the two events. Therefore, the reason for the development 
of EPS in our patient must be found in the previous operation with resection of 
lymphangioma as an abdominal trauma and trigger for sclerosis. Another reason for 
developing EPS could be cystic lymphangioma of the small bowel itself as a benign 
vascular tumour with peritoneal dissemination. Garosi[19] and Célicout et al[34] 
described different tumour entities in connection with EPS in patients without PD, 
including histiocytic lymphoma, gastric, ovarian, pancreatic and renal cell carcinoma, 
and oedematous polyposis of the colon. Cystic lymphangioma as a trigger for EPS 
could not be found in the literature thus far. Because the lymphangioma was resected 
in total during the first operation, we believe that primary abdominal surgery was the 
trigger for EPS in our patient.

Diagnostic modalities
Because the early clinical features are often nonspecific[35,36], it is difficult to make a 
definite preoperative diagnosis of EPS. There are no specific serological markers for 
EPS. Ultrasonography may show dilated small bowel loops, ascites with or without 
parietal loculations, and a membrane covering the small bowel loops with occasional 
formation of a mass of bowel loops and adhesions[37]. Abdominal X-rays have a low 
sensitivity, showing mostly dilated small bowel loops with multiple air fluid levels. 
Peritoneal and bowel wall calcification has also been reported. Abdominal CT has a 
higher sensitivity (70%-90%) to detect the etiology of high-grade small bowel 
obstruction but should be used cautiously due to radiation risks in young patients. In 
our search of the literature, MRI has not been reported in paediatric patients with 
abdominal cocoons. Nevertheless, MRI has been recently reported as another useful 
modality in diagnosing EPS and may be a preferred technique in children.

Surgical procedures
In the international literature, two surgical therapy approaches for EPS have been 
described but were only reported in studies within adult patient collections. In 1998, C
élicout et al[34] published a study in which 3 of 32 patients had dialysis-associated EPS. 
In the remaining patients, the EPS was the result of a malignancy (14 of 32) or due to b-
blocker intake (5 of 32). The indication for the operation was, in all cases, the ultima 
ratio after long-lasting ileus disease. Japanese reports are based on studies that only 
included PD patients[38]. The intraoperative approach in Japan includes removal of 
the interenteric adhesions and the detachment of the encapsulating small intestinal 
membranes. The occlusive membranes on the intestine are dissected through longit-
udinal incisions. However, peritoneal sclerosis makes it difficult to identify the "right" 
layer, so special attention must be paid to serosa lesions. These are insidious because 
they can lead to occult perforations postoperatively with an increase in small bowel 
motility and the resulting increased pressure. In case of doubt, any altered segments of 
the small intestine are therefore resected. In Japan, in suitable cases, solitary stenoses 
are dilated with a Miller-Abott probe from the intraluminal side. Thus, even tandem 
stenoses can be corrected without resection. The balloon is deflated after completion of 
the dilatation and left in situ for splinting of the intestine. Usually, the probe is 
removed after 1 wk. In the opinion of the Japanese authors, the Noble plicature can 
prevent reobstruction by kinking as well as the reoccurrence of adhesions or 
entrapment of the small intestine in the Douglas cavity or in the excavation 
rectovesicalis, respectively.



Keese D et al. Abdominal cocoon in children

WJG https://www.wjgnet.com 6342 October 7, 2021 Volume 27 Issue 37

The use of probes for intestinal splinting and the methods of plication have been 
discussed very controversially in Germany and have only historical significance. In 
our opinion, these methods, which carry their own risk, are not reliable enough to 
prevent the recurrence of ileus disease. In an international comparison, Japan has the 
most experience with EPS.

In addition to total intestinal enterolysis, which was performed in all cases with 
surgical treatment, deserosation, and decapsulation, peritonectomies, fibrin membran-
ectomy, and omentectomies were performed in accordance with the findings. 
Additionally, an opening of the bursa omentalis for the decompression of fluid or for 
complete unleashing of the stomach may be essential.

There are hardly any reports from the Anglo-American region regarding surgical 
therapy for EPS. Studies from Australia[39] and Canada[8] mostly refer to con-
servative therapy for the disease. The surgical procedure is only mentioned as 
laparotomy and adhesiolysis. Therefore, our strategy was like the international 
approach with the avocation of extensive enterolysis and detachment of the encapsu-
lating small intestinal membranes.

Postoperative complications
In work published in 1998 by Célicout et al[34], the authors showed a mortality rate of 
19% and an anastomosis failure rate of 12%. The total complication rate of 38% was the 
lowest at that time in the literature but was still considered too high[21]. Ten years 
later, Kawaguchi et al[5] published a retrospective study that included 130 surgically 
treated EPS patients. The reported mortality was 6.9%. However, the recurrence rate 
was very high (25.4%). Of the 130 patients, 33 had to be reoperated on for recurrence 
or postoperative ileus, and some patients underwent reoperations up to six times. In 
our reported case, as well as in the reports with paediatric patients, there were no 
complications after the operation, and no recurrence was described.

Histological examination
A few histological features, such as fibrin deposits, fibroblast swelling, angiogenesis, 
and mononuclear inflammatory infiltrate, differentiate peritoneal fibrosis from actual 
EPS. Since this means that even fewer predictive histological features are available, the 
German Peritoneal Biopsy Register was established at the initiative of the German 
Society of Nephrology. Here, we present prospective histomorphology characteristics 
of peritoneal biopsies with the aim of analysing the pathogenesis of the disease and 
producing reproducible algorithms for histological diagnosis confirmation. Therefore, 
the histological evaluation of EPS can now be increasingly based on standardized 
criteria. The Institute of Pathology at the Robert Bosch Hospital has become the 
reference centre for the histomorphology evaluation of peritoneal biopsies of the 
"European EPS Working Group”. Our histological results showed fibrous connective 
tissue with prominent vascularization, predominantly from the venous type, matching 
an early form of EPS.

CONCLUSION
The diagnosis of EPS is mainly made intraoperatively, and surgery is often indicated 
due to symptomatic ileus. A history of abdominal trauma, surgery, or abdominal 
tumour can be a trigger for developing EPS. Surgery, including adhesiolysis and 
excision, is the first choice of treatment. Total intestinal enterolysis of EPS is the best 
surgical approach. The long-term prognosis for children is good.
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