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Abstract
BACKGROUND
Primary encapsulating peritoneal sclerosis (EPS) is a rare but devastating disease that causes fibrocollagenous cocoon-like encapsulation of the bowel, resulting in bowel obstruction. The pathogenesis, prevention, and treatment strategies of EPS remain unclear so far. Since most patients are diagnosed during exploratory laparotomy, for the non-surgically diagnosed patients with primary EPS, the surgical timing is also uncertain.

CASE SUMMARY
A 44-year-old female patient was referred to our center on September 6, 2021, with complaints of abdominal distention and bilious vomiting for 2 d. Physical examination revealed that the vital signs were stable, and the abdomen was slightly distended. Computerized tomography scan showed a conglomerate of multiple intestinal loops encapsulated in a thick sac-like membrane, which was surrounded by abdominal ascites. The patient was diagnosed with idiopathic EPS. Recovery was observed after abdominal paracentesis, and the patient was discharged on September 13 after the resumption of a normal diet. This case raised a question: When should an exploratory laparotomy be performed on patients who are non-surgically diagnosed with EPS. As a result, we conducted a review of the literature on the clinical manifestations, intraoperative findings, surgical methods, and therapeutic effects of EPS. 

CONCLUSION
Recurrent intestinal obstructions and abdominal mass combined with the imaging of encapsulated bowel are helpful in diagnosing idiopathic EPS. Small intestinal resection should be avoided. 
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[bookmark: OLE_LINK3353][bookmark: OLE_LINK3354]Core Tip: Primary encapsulating peritoneal sclerosis (EPS), also called an abdominal cocoon, is so rare that the etiology, pathogenesis, treatment strategies of primary EPS remain vague. We reported a case of primary EPS and carried out a comprehensive literature analysis. The data indicated for the first time that recurrent intestinal obstructions and abdominal mass combined with the imaging of encapsulated bowel are helpful in diagnosing primary EPS. Surgical treatments are promising, but care should be taken to avoid small intestinal resection. Elective abdominal exploration might decrease complications of patients with primary EPS, but further research is required to substantiate this.

INTRODUCTION
[bookmark: OLE_LINK3029][bookmark: OLE_LINK3030][bookmark: OLE_LINK3032][bookmark: OLE_LINK3031]Encapsulating peritoneal sclerosis (EPS) is a rare but chronic syndrome, clinically presenting as acute and subacute intestinal obstruction, with abdominal pain, distention, vomiting, and constipation. EPS can be classified as primary (idiopathic) and secondary (cases where causes for the disease have been identified)[1]. Secondary EPS cases are reported to be associated with peritoneal dialysis (PD), tuberculosis, β-adrenergic blocker usage, endometriosis, etc[2–5]. With the broader applications of PD, the cases of PD-related EPS have increased up to 0.7%[6]. The pathogenesis, prevention, and treatment strategies of secondary EPS have been well established[7-9]. The term primary EPS, which is also called idiopathic EPS, was first used by Foo et al[8] in 1978 to describe EPS cases of unknown origin in young women residing in tropical or subtropical countries. However, primary EPS has since been found to develop in elderly men. The etiology, pathogenesis, and treatment strategies for primary EPS remain vague. This paper reports a patient diagnosed with primary EPS and compiles 63 primary EPS cases reported in the literature.

CASE PRESENTATION
Chief complaints
A 44-year-old female patient was admitted to the emergency department of our institution on September 6, 2021, with complaints of abdominal distention and bilious vomiting for 2 d.

History of present illness
The patient had experienced abdominal distension and bilious vomiting the day before with no obvious precipitating factors. She had no fever, abdominal pain, constipation, and normal menstruation. She was treated with fasting and parenteral nutrition; the patient ceased vomiting, but abdominal distention continued.

History of past illness
She had three episodes of abdominal pain, abdominal distention, and bilious vomiting. The last episode occurred 3 years before, with abdominal distention and massive ascites. The patient recovered after abdominal paracentesis, which indicated bloody ascites. A year ago, she had schizophrenia and took aripiprazole orally (10 mg QD). She had untreated menstrual cramps when she was young, and her menstruation is regular. No weight loss was observed before. 

Personal and family history
There was no unremarkable personal or family history.

Physical examination
The patient’s vital signs were stable and the abdomen was slightly distended. There was mild tenderness in the right upper abdomen, but there was no rebound tenderness. A palpable, soft, low mobility mass (6 cm × 8 cm) was detected in the upper right abdomen, and the abdomen ascites sign was positive.

Laboratory examinations
Leukocyte count: 5.66 × 109/L, percentage of neutrophils (NEU%): 65.2%; Hemoglobin: 122 g/L; C-reactive protein: 14.3 mg/L; carcinoembryonic antigen: 2.1 ng/mL; and tuberculosis antibody and T.Spot-TB tests were negative.

Imaging examinations
[bookmark: OLE_LINK3108][bookmark: OLE_LINK3107]Computerized tomography (CT) scan showed a conglomerate of multiple intestinal loops encapsulated in a thick sac-like membrane, which was surrounded by abdominal ascites (Figure 1). “Gourd sign” (Figure 1A) was also observed in this case, which refers to the expansion of the horizontal part of the duodenum caused by an abdominal cocoon.

FINAL DIAGNOSIS
According to the clinical manifestations of recurrent intestinal obstruction, abdominal mass, and imaging features of encased bowel, this case was clinically diagnosed as primary EPS.

TREATMENT
Laparoscopic exploration was proposed but was not accepted by the patient and her husband. Abdominal drainage was performed for 3 d, and a total of 2200 mL of blood liquid was removed. No carcinoma cells were found in the centrifugal cytology of ascites (Figure 2).

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK3110][bookmark: OLE_LINK3109]After this, the patient felt well, her abdominal distention was completely relieved, and she was put on a semi-liquid diet. After abdominal ultrasound confirmed the absence of ascites in the abdominal cavity, an abdominal contrast-enhanced CT (CECT) (September 9, 2021) scan was arranged, which revealed that the entire small intestine was dilated, clustered, and wrapped in an enhancing sac, separating the intestine from ascending colon, descending colon, and sigmoid colon (Figure 3). She was discharged on September 13 after resuming a normal diet, with no recurrence of symptoms in the following month. 

DISCUSSION
Literature review
A systematic search of the literature, focusing on article titles and abstracts of publications in the English language using the PubMed database, was performed; the publication date of these articles was from January 2004 to September 2021. The search was executed utilizing the following keywords: “abdominal cocoon”, “encapsulating peritoneal sclerosis”, “sclerosing encapsulating peritonitis”, and “peritoneal encapsulation”. Manual searches of reference lists of the publications were performed to supplement the electronic search. 
Case series without clinical details were excluded. Case reports with features of EPS that might be associated with PD, including abdominal tuberculosis, abdominal surgery, recurrent peritonitis, ventriculoperitoneal or peritoneovenous shunts, liver transplantation, abdominal trauma, beta-blocker treatment (practolol or propranolol), intraperitoneal chemotherapy, endometrioid carcinomas, intraperitoneal povidone-iodine use, liver cirrhosis, carcinomatous peritonitis, fibrogenic foreign material, systemic lupus erythematosus, and parasitic infection, were determined to be secondary EPS and were excluded.
Two investigators independently read the articles. The following information was extracted from the reports: Country (of the author), year (of publication), age/sex (of the patient), major syndrome, past history, major symptoms (of peritonitis and abdominal mass), radiologic tools, ascites characteristics, operations, intraoperative findings, histopathology, curative effect, and follow-up status. A total of 52 reports[10-61] from January 2004 to September 2021 with data of 63 patients was reviewed (Table 1). A total of 14 females with the median age of 38 years (range: 12-64 years) and 49 males with the median age of 45.5 years (range: 7-82 years) were reported; the difference of age between female and male patients was statistically significant (rank-sum test). Recurrent abdominal distention, abdominal pain or colicky pain, nausea, vomiting or bilious vomiting, anal defecation, and dehydration or malnutrition were among the symptoms reported by the patients. Also, 68.25% of the cases reported chronic symptoms, with the duration of the syndrome being more than 2 mo. Moreover, there were significant differences in the distribution of symptoms between male and female patients, with female patients exhibiting more acute symptoms. There were only 4.76% of the cases with the peritonitis symptom of rebound tenderness. Abdominal mass was palpable in 34.92% of cases, and only five patients (7.94%) were noted with ascites. 
The intraoperative findings were analyzed and the cases were divided into the following three types according to the classification of primary EPS[8,9]: Type I: A segment of the small intestine is wrapped by a fibrous capsule; Type II: All intestines are encapsulated by fibers; and Type III: All small intestines and other organs are encapsulated by fibers. Type III and II EPS were more common in females than males, while only three male patients were noted with the absence of greater omentum. Nonoperative treatment was performed in three patients; exploratory surgery was performed in five patients; dissection of membrane and adhesiolysis was performed successfully in 76.19% of patients, and the partial resection of the small intestine was performed only in seven patients (11.11%). 
The pathological description data were available for 53% of the cases. Most of the cases were pathologically reported as fibroconnective tissue proliferation with chronic inflammatory infiltration. Most of the patients (76.19%) recovered eventually, except for two patients who developed anastomotic leakage after partial resection of the intestine.

Discussion
The conditions of intestinal membrane encapsulation have been described using a variety of terms. Akbulut[9] emphasized the correct usage of terms, such as peritoneal encapsulation (PE), abdominal cocoon, idiopathic EPS, and secondary EPS. PE is a rare congenital anomaly characterized by an accessory peritoneal membrane derived from the yolk sac peritoneum in the early stages of fetal life[62]; it is not the consequence of chronic inflammation. Unlike PE, EPS is an acquired disease and is associated with chronic peritoneal inflammation that might be provoked by various factors[63]. Depending on the underlying triggering factors and the properties of the fibrocollagenous membrane, EPS can be classified as primary (idiopathic) or secondary[64]. The primary form (EPS of unknown origin) is also known as an abdominal cocoon and was first described by Foo et al[8] in 1978. 
Primary EPS was thought to be present in tropical and subtropical areas, leading to theories of gynecologic infection or retrograde menstruation as the cause[65]. Although several studies have confirmed the equatorial predilection of primary EPS, men are more vulnerable to EPS than women[66]; however, female patients are younger than men when they develop symptoms. 
The diagnosis of EPS was based on clinical manifestations and imaging findings, and most patients were diagnosed during explorative laparotomy. Recurrent intestinal obstructions characterize the clinical manifestation of primary EPS. In a large case series of primary EPS, the average duration of symptoms was 3.9 years before malnourishment symptoms developed[66]. In our study, 68.25% of the patients had a history of recurrent intestinal obstructions for more than 3 mo. While some patients with idiopathic EPS had no symptoms, the majority had abdominal pain, distention, nausea, vomiting or bilious vomiting, constipation, appetite loss, weight loss, dehydration, and malnutrition. 
In this study, the physical examination of EPS patients revealed a higher occurrence of mild tenderness (42.86%) compared to rebound tenderness. The abdominal mass was palpable in 34.9% of patients, which is inconsistent with the literature report[8]. This may be due to the difference in case selection methods. Massive ascites was rare and did not seem to indicate a serious condition. There were five patients with massive ascites in the reports reviewed; one case improved by paracentesis, and four cases reported an uneventful recovery after the operation. Bloody ascites was rarer but found in both male (n = 15) and female (n = 21) patients, which questions theories of retrograde menstruation. Therefore, there may be a different cause for the massive bloody ascites in patients with primary EPS.
Blood tests did not report abnormal values, except for some patients with dehydration, electrolyte disorder, and malnutrition. The various imaging tools available for diagnosing EPS are erect abdominal X-ray, ultrasonography, barium meal, and CT or CECT. The air-fluid levels of dilated small bowel of EPS patients are visible in erect abdominal X-rays but are non-specific[28]. Ultrasound may show peritoneal thickening, ascites, and dilated bowel loops enclosed within a membrane; barium meal studies of the small intestine are useful in detecting clumped small bowel loops in the abdomen, which is also known as the cauliflower sign. CT or CECT may be the first choice for preoperative diagnosis of idiopathic EPS by providing the following image features: (1) Thickened jejunal and ileal loops encased in a thick fibrocollagenous membrane[27]; (2) “cauliflower-like” sign[67] or abdominal cystic masses with intestines freely floating in the fluid; and (3) “bottle gourd” sign[29] or dilated duodenum in patients with abdominal cocoon due to jejunal obstruction. Out of these, feature one is more common and specific.
Although the diagnosis of primary EPS is facilitated by the patient`s past history, existing symptoms, physical signs, radiological imaging, and above all, high-level clinical suspicion are major factors contributing to proper detection of the disease[47]. In this study, the preoperative diagnosis rate of primary EPS was low, and most patients were diagnosed in exploratively laparotomy or laparoscopy[11,17]. 
Presently, the management strategy of secondary EPS associated with PD is well established. However, very few reports suggest the surgical timing for patients who are non-surgically diagnosed with idiopathic EPS. Whether non-surgical management, such as tamoxifen, is efficacious for idiopathic EPS[15]. Célicout et al[68] believed non-surgical treatment is required in ascites and subacute intestinal obstruction. 
Primary EPS could be categorized into three types according to the extent of bowel encapsulated by the membrane. Type II refers to all types of intestines encapsulated by a membrane and is the most common. In this study, the greater omentum was absent in six male patients[17,18,32,41,56,59], with age ranging from 19 years to 69 years. These cases may be diagnosed as PE or primary EPS, as both are accompanied by embryonic abnormalities[58], such as the absence of greater omentum or greater omentum dysplasia.
Dissection of membrane and adhesiolysis should be performed to all encased intestinal segments by concentrating on the following tips: (1) operate softly and lightly to avoid damaging the bowel and causing iatrogenic bowel perforation[46,54]; (2) resection of the intestine should be performed only when the bowel is nonviable; (3) anastomosis should not be the primary choice as it may increase the incidence of anastomotic leakage[25,47,68]; (4) prophylactic appendectomy is worth recommending because it is difficult to surgically treat acute appendicitis that may occur later[41]; (5) in order to reduce the complication of postoperative adhesive intestinal obstruction, it is recommended that nasointestinal obstruction tube should be installed during the operation[32]; and (6) application of an anti-adhesive substance may help prevent the patients from developing early postoperative small bowel obstruction[41,54]. 
Thirty-four reports describe the pathological features of the cases. The characteristic histopathological features were fibrocollagenous tissue proliferation, moderate chronic inflammatory infiltrate, and lymphatic endothelial cells[10,14,20]; some cases were accompanied by calcification[30] and hyalinization[36].
[bookmark: OLE_LINK3033][bookmark: OLE_LINK3034]Of the 63 cases we reviewed, three patients were discharged after non-surgical treatment, five patients underwent exploratory laparotomy only, while membrane dissection and adhesiolysis were successfully performed on 76.19% of cases. Partial resection of the small bowel was performed for seven cases, two of which developed leakage, resulting in one death[47]. Early postoperative small bowel obstruction[59] was common and difficult to manage, leading to the delayed recovery of eight cases. Total parenteral nutrition with complete gastrointestinal rest was proposed[69], while reoperation was recommended. Other complications, such as poorly healed incision[21], were the cause of the prolonged recovery of one case. However, in general, the surgical effect of primary EPS seems optimistic, which is in contrast with that of secondary EPS associated PD[70].

CONCLUSION
Owing to the uncommon nature of primary EPS, its etiology, pathogenesis, and treatment strategies remain unclear. This paper presents a case of non-surgically diagnosed primary EPS, treated with paracentesis, and her CT scan with and without ascites. Recurrent intestinal obstructions and abdominal mass combined with the imaging of encapsulated bowel help diagnose primary EPS. The surgical effect of excision of membrane and adhesiolysis seems optimistic; however, small intestinal resection should be avoided as it could lead to anastomotic leakage. Elective abdominal exploration might decrease the complications of primary EPS patients with the recurrent syndrome, but further research is required to substantiate this.
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[bookmark: OLE_LINK3111][bookmark: OLE_LINK3112][bookmark: OLE_LINK3113][bookmark: OLE_LINK3114]Figure 1 Computerized tomography of transverse plane and sagittal plane. A: Computerized tomography (CT) of transverse plane: A conglomerate of multiple intestinal loops encapsulated in a thick sac-like membrane (arrow), and dilated duodenum (red cycle); B: CT of sagittal plane: Epigastric mass floating in ascites.
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Figure 2 Exfoliative cytology of ascites (hematoxylin and eosin stain, × 40). A large number of red blood cells, including scattered inflammatory cells.
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Figure 3 Contrast-enhanced computerized tomography of transverse plane and sagittal plane. A: Transverse plane; B: Sagittal plane. Intestinal loops were encapsulated in a thick sac-like membrane (arrow).


Table 1 The information of reviewed cases about primary encapsulating peritoneal sclerosis
	Aspects of case description
	Male, n = 49
	Female, n = 14
	[bookmark: OLE_LINK3119][bookmark: OLE_LINK3120]Frequency as %, Z, χ2

	Age
	
	R (7-82), M = 45.5
	R (12-64), M = 38
	Z = 4.833

	Duration of symptoms
	> 2 mo
	37
	6
	68.25
	χ2 = 8.625, P < 0.01

	
	< 2 mo
	3
	0
	4.76
	

	
	≤ 1 mo
	9
	8
	26.98
	

	Sign of peritonitis
	Not mentioned
	12
	5
	26.98
	χ2 = 0.484, P > 0.5

	
	Soft
	12
	4
	25.40
	

	
	Tenderness
	23
	4
	42.86
	

	
	Rebound tenderness
	2
	1
	4.76
	

	Abdominal mass
	15
	7
	34.92

	Ascites
	2
	3
	7.94

	Classification
	Not mentioned
	2
	1
	4.76
	χ2 = 9.422, P < 0.01

	
	Type I
	13
	2
	23.81
	

	
	Type II
	26
	5
	49.21
	

	
	Type III
	8
	6
	22.22
	

	Lack greater omentum
	6
	0
	9.52

	Operation
	Non surgery
	2
	1
	4.76
	χ2 = 12.21, P < 0.01

	
	Laparotomy
	1
	4
	7.94
	

	
	Dissection + adhesionlysis
	39
	9
	76.19
	

	
	Partial resection
	7
	0
	11.11
	

	Histopathology (of the membrane)
	30
	4
	53.97

	Curative effect
	Not mentioned
	4
	1
	7.94
	χ2 = 0.635, P > 0.5

	
	Uneventful recover
	37
	11
	76.19
	

	
	Prolonged recover
	6
	2
	12.70
	

	
	Leakage
	2
	0
	3.17
	


Dissection: Dissection of membrane; Not mentioned: Not mentioned in the report; Partial resection: Partial resection of small intestine.
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