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Abstract
AIM: To evaluate the clinicopathological features and treatment outcomes of cap polyposis in the pediatric population.

METHODS: All pediatric patients with histologically proven diagnosis of cap polyposis were identified from our endoscopy and histology database over a 12 year period from 2000-2012 at our tertiary pediatric center, KK Women’s and Children’s Hospital in Singapore. The case records of these patients were retrospectively reviewed. The demographics, clinical course, laboratory results, endoscopic and histopathological features, treatments, and outcomes were analyzed. The study protocol was approved by the hospital institutional review board. The histological slides were reviewed by a pediatric histopathologist to confirm the diagnosis of cap polyposis.
RESULTS: Eleven patients were diagnosed with cap polyposis. The median patient age was 13 years (range 5-17 years); the sample included 7 males and 4 females. All of the patients presented with bloody stools. Seven patients (63%) had constipation, while 4 patients (36%) had diarrhea. All of the patients underwent colonoscopy and polypectomies (excluding 1 patient who refused polypectomy). The macroscopic findings were of polypoid lesions covered by fibrinopurulent exudates with normal intervening mucosa. The rectum was the most common involvement site (n = 9, 82%), followed by the rectosigmoid colon (n = 3, 18%). Five (45%) patients had fewer than 5 polyps, and 6 patients (65%) had multiple polyps. Histological examination of these polyps showed surface ulcerations with a cap of fibrin inflammatory exudate. Four (80%) patients with fewer than 5 polyps had complete resolution of symptoms following the polypectomy. One patient who did not consent to the polypectomy had resolution of symptoms after being treated with sulphasalazine. All 6 patients with multiple polyps experienced recurrence of bloody stools on follow-up (mean = 28 mo). 

CONCLUSION: Cap polyposis is a rare and under-recognised cause of rectal bleeding in children. Our study has characterized the disease phenotype and treatment outcomes in a pediatric cohort. 

© 2013 Baishideng. All rights reserved.
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Core tip: Cap polyposis is a rare and under-recognized condition with distinct clinical, endoscopic and histopathological features. All children with cap polyposis invariably present with rectal bleeding. Awareness of this diagnosis is important as its clinical and endoscopic features can mimic inflammatory bowel disease resulting in prolonged and inappropriate treatment. This article evaluates the clinicopathological features and treatment outcomes in a series of children with cap polyposis. Complete polypectomy should be performed where possible in combination with medical therapy. Prognosis is good for children with few polyps although recurrence rate is high in those with multiple polyps at diagnosis requiring further surgical intervention.
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INTRODUCTION

Cap polyposis (CP) is a rare and under-recognized condition with distinct clinical, endoscopic and histopathological features. It was first described by Williams et al[1] in 1985. CP is characterized by inflammatory polyps that are usually located from the rectum to the distal descending colon. Histologically, these polyps consist of elongated, tortuous, and often distended crypts covered by a ‘cap’ of inflammatory granulation tissues. Macroscopic findings include dark red, sessile polyps that are commonly situated on the apices of transverse mucosal folds, with normal intervening mucosa.

Characteristic symptoms in adults include mucous diarrhea, tenesmus and rectal bleeding[2]. CP may be confused with other inflammatory conditions of the large intestine, in particular inflammatory bowel disease (IBD), due to their similarities in clinical and endoscopic features. The pathogenesis of CP is unknown, and no specific treatment has yet been established.
CP has been rarely described in the pediatric population. We report a case series of 11 pediatric patients diagnosed with CP and characterized their clinical, endoscopic, and histological features.
MATERIALS AND METHODS
All pediatric patients with histologically proven diagnosis of CP were identified from our endoscopy (total number = 1905) and histology database over a 12 year period from 2000-2012 at our tertiary pediatric center, KK Women’s and Children’s Hospital in Singapore. The case records of these patients were retrospectively reviewed. The demographics, clinical course, laboratory results, endoscopic and histopathological features, treatments, and outcomes were analyzed. The study protocol was approved by the hospital institutional review board (Singhealth Centralised Institutional Review Board). The histological slides were reviewed by a pediatric histopathologist to confirm the diagnosis of CP.
RESULTS
Patients

There were 11 pediatric patients diagnosed with cap polyposis from 2000 and 2012. The clinical features of these patients are summarized in Table 1. There were 7 males and 4 females, with a median age of 13 years (range 5-17 years). The racial distributions included 5 Malays, 4 Chinese, and 2 Indian patients. 

Clinical features
Common presenting features of these patients included per-rectal bleeding, constipation and straining, diarrhea, and abdominal pain (Table 1). All 11 patients presented with blood in the stools. Seven patients (63%) had constipation and/or straining, and 4 patients (36%) had diarrhea. Abdominal pain was a presenting complaint in 6 (54%) patients. Digital rectal examinations revealed rectal polypoid masses in 7 (63%) patients and 1 patient had perianal fissure.
The median hematological values at diagnosis were hemoglobin 10.9 (IQR 12.6-14) g/dL, white cell counts 6.7 × 109/L (IQR 4-11)109/L and platelet counts of 342 (IQR 150-400 ) × 1000/µL. All of the patients had normal coagulation profiles. Eight of the 11 patients had normal serum albumin measured with a median value of 38 g/L (IQR 35-45). Only 2 patients (IDs 8 and 10) had hypoalbuminemia.  Inflammatory markers C-Reactive protein/Erythrocyte Sedimentation Rate were measured in 6 patients (ID 2, 5, 7, 8, 9, and 10), and they were normal. 

Endoscopic features and histology
All patients underwent colonoscopy with macroscopic findings of polyps or polypoid lesions. These were mainly small, red and sessile polyps covered by a thick layer of fibrinopurulent exudates predominantly found on the apices of the mucosa folds. The intervening mucosa was normal both macroscopically and on histological examination (Figure 1A and B). The polyps were most commonly located in the rectum only (n = 9, 82%). Two patients (18%) had polyps in the rectum and sigmoid colon. The number of polyps ranged from 1 to more than 10. Five (45%) patients had fewer than 5 polyps, and 6 (65%) patients had multiple (> 5) polyps on initial colonoscopy.
On histological examination, these colonic polyps showed a variable degree of surface ulceration associated with a cap of fibrin inflammatory exudates and granulation tissue. Focally, the surface epithelium is preserved but attenuated. The crypts within the polyps showed crypt elongation and luminal epithelial serration. In some cases, the crypts were mildly distended towards the surface. The lamina propria contained a variably increased number of acute and chronic inflammatory cells (Figure 2). These histological features were consistent with inflammatory cap polyps. The mucosa surrounding these polyps was normal.
Three patients presented with abdominal pain and underwent simultaneous upper GI endoscopies; the histological findings showed mild gastritis but no evidence of Helicobacter pylori. There were no polypoid lesions noted in the stomach of these 3 patients. 

Management and outcomes
All but one patient underwent polypectomies. Patients 1-5 had fewer than 5 polyps detected by the initial colonoscopy. Patients 1-4 had polypectomy performed and were subsequently treated with stool softeners. Patient 4 also received a course of metronidazole. All 4 of these patients had complete resolution of their symptoms with no further rectal bleeding at mean follow-up period of 28 mo. Patient 5 had 3 small sessile polyps and did not consent for polypectomy but had complete resolution of symptoms at 18 mo after being treated with sulphasalazine. 

Six patients with multiple polyps (Patients 6-11) underwent colonoscopy and polypectomies. One patient was lost to follow-up (Patient 11). The other 5 patients were given stool softeners and 3 patients were given metronidazole. All of the patients experienced a recurrence of symptoms, mainly blood in the stools at subsequent follow-up (mean follow-up period of 28 mo). These patients required repeated colonoscopies with polypectomies and continued to have intermittent per rectal bleeding. Patient 8 eventually had a resolution of his symptoms after 6 colonoscopies with multiple polypectomies at follow-up of 6 years. Patient 11, whose polyps were confined to the recto-sigmoid area, had persistent rectal bleeding that required recurrent blood transfusions and will require more extensive surgical resection in the future. All of the 5 patients with multiple polyps were otherwise well-thrived and had normal inflammatory markers at subsequent follow-up. 

DISCUSSION

CP is a rare but distinct disorder with characteristic endoscopic and histological features first described by Williams[1]. Although CP was first described more than 20 years ago, this disease is still not well recognized by physicians. Only approximately 60 cases have been reported in the English language medical literature, mainly as case series or case reports. Due to its rarity, CP is often under-recognized and misdiagnosed as inflammatory bowel disease IBD, leading to prolonged and inappropriate treatment.
To our knowledge, this report is the first and largest case series describing CP in the pediatric population. Shimuzu et al[3] have previously described CP in a 12 year old girl. Previous adult studies have found that CP occurs more frequently in females than males[3]. In contrast, there were more boys than girls (7 males and 4 females) in our study, and their median age was 13 years old. We also noted a slightly higher proportion of Malay patients (approximately 40%) in our cohort.

Common presenting symptoms of previously described cases of CP include mucous and/or bloody diarrhea, habitual straining with defecation, chronic constipation and abdominal pain[4]. Rectal bleeding occurred universally in all 11 patients in our study. In total, 65% of our patients had chronic straining and/or constipation, while 35% of the patients had diarrhea. Almost half of our patients presented with abdominal pain, particularly those with multiple polyps. Anemia was a predominant feature in our cohort, with median Hb of 10.9 g/dL.

Protein-losing enteropathy has been reported to be associated with CP[5-9]. Shiomi et al[9] reported a case of CP in which protein loss from the lesions was confirmed via technetium 99 m-labeled diethylenetriaminepentaacetic acid complexed to human serum albumin. There have also been reports of lower limb edema resulting from protein-losing enteropathy from CP[5,7-10]. In addition, laboratory investigations often reveal low total protein and serum albumin levels in CP patients. Symptoms of pre-tibial edema and low protein levels have been shown to normalize with resolution of cap polyposis[5,6-9]. None of the patients in our study presented with lower limb edema. Moreover, hypoalbuminemia was not a predominant feature in our cohort, with only 2 patients having documented low albumin levels.
Endoscopic and histological features
CP is characterized by polyps covered with fibrinopurulent exudates on the surface. The polyps range in size from several millimeters to as large as 7 cm[11,12]. The number of polyps varies from 1 to a few hundred, and the polyps are typically located at the apices of mucosal folds. These polyps have varying morphologies, including polypoid, ulcerative, and flat types[13]. The intervening mucosa has been described as normal or covered with white specks[13], although the significance of this morphology has yet to be ascertained. Initial edematous, flushed mucosa with subsequent development of polyps at the same area, has been reported with serial endoscopic studies[7,14]. The rectum and rectosigmoid colon are the most commonly affected sites, although pan-colonic and gastric involvement has been described[4,6,15]. In agreement with previous findings, all patients in our series had polyps localized to the rectum or rectosigmoid region with normal intervening mucosa.

Histologically, cap polyps consist of elongated, tortuous and hyperplastic crypts that are attenuated towards the mucosal surface. The surfaces of these polyps are ulcerated and covered by a thick layer of fibrinopurulent exudates, hence the term “cap polyps”. The lamina propria also contain inflammatory cells[5]. These histological features were reported in our patients.

Role of abnormal colonic motility
The exact etiology and pathogenesis of inflammatory cap polyps are unclear. Various possible causes, including infection[6,14], mucosal ischemia[2], inflammation[16], abnormal bowel motility, and repeated trauma to the colonic mucosa caused by straining[8] have been proposed. Campbell et al[2] proposed that abnormal colonic motility may lead to prolapse of redundant mucosa at the apices of transverse mucosal folds. The resultant local ischemia produces characteristic histological appearances of fibromuscular obliteration of the lamina propria; superficial erosion associated with granulation tissue; and elongated, tortuous, hyperplastic glands. These histological features are also present in other conditions, such as prolapsing mucosal polyps, solitary rectal ulcers, inflammatory cloacogenic polyps, and gastric antral vascular ectasia. These findings, along with the fact that CP predominantly affects the rectosigmoid and has a circumferential involvement of the colonic mucosa, have led many researchers to attribute CP to abnormal colonic motility and repeated trauma to the colonic mucosa caused by straining during defecation. Hence, CP has been considered part of a spectrum of “mucosal prolapse syndromes”[5,17,18].
However, aberrant motility of the distal large bowel may only partially contribute to the development of cap polyposis. Although many CP patients present with a history of straining at defecation, these individuals usually lack a typical mucosal prolapse that involves the anterior wall of the lower rectum[18]. There have also been reports of CP developing in patients without evidence or history of abnormal colonic motility. Gehenot et al[14] and Konishi et al[16] reported the differentiating features between  and mucosal prolapse syndrome, where there was significant thickening of the second layer on endoscopic ultrasound in cap polyposis, as opposed to smooth, diffuse thickening of the third layer and minimal thickening of the second layer in mucosal prolapse. Furthermore, avoidance of straining alone has not been reported as an effective treatment modality.  In our cohort of patients, stool softeners were prescribed in 8 of 11 patients to avoid straining on defaecation but the symptoms still recurred in those with multiple polyps.
The role of inflammation and infection

In recent years, the role of infectious organisms, such as Helicobacter pylori
 ADDIN REFMGR.CITE 

[5, 6, 7, 19,20]
, and inflammation[14] has been proposed. Three of our patients underwent an upper GI endoscopy, but none of them showed any evidence of Helicobacter pylori on in their gastric mucosa biopsies. 

Konishi et al[21] described a patient in whom CP was noted to progress along the surgical anastomotic line after a laparoscopic sigmoid colectomy was performed, leading to the hypothesis that local inflammation plays a role in the development of cap polyposis. The effectiveness of infliximab in 2 case reports
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[22,23]
 also supports the role of inflammation in the pathogenesis of CP. However, molecular studies of the abnormal mucus in CP have proven inconclusive. Buisine et al[24] found a predominance of non-sulphated  mucins in cap polyps, compared to both non-sulphated and sulphated mucins expressed in normal colonic mucosa. This finding has been associated with a wide range of pathological conditions, including colorectal carcinomas, ulcerative colitis, and familial polyposis, and there has been a lack of data to show a direct involvement of mucins in the initial pathogenesis of cap polyposis.
Treatment of cap polyposis
Different treatment modalities have been trialed including steroids, aminosalicyclates, infliximab, Helicobacter pylori eradication, endoscopic and surgical resection with variable clinical outcomes. The clinical course of CP has been reported to range from spontaneous remission
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[19,22]
 to a disease course requiring surgical resection of the affected bowel segments. 

Metronidazole has been used widely in the treatment of CP, often in combination with other modalities
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[5,7,8,25-27]
. Shimizu et al[3] reported improvement of symptoms and stromal infiltration on colonic biopsies in a patient treated with metronidazole after failed treatment with mesalamine and levofloxacin, leading to the hypothesis that the role of metronidazole may be related to its anti-inflammatory effects rather than antibiotic action against specific pathogens. It has been postulated that by acting as a radical scavenger, metronidazole can inhibit leukocyte emigration and adherence[5]. In our series, 4 patients received a course of metronidazole together with polypectomy. Of these 4 patients, 3 patients had a recurrence of symptoms. This result suggests that metronidazole may have a limited role in the treatment of patients who have multiple cap polyps.

Limited reports of treatment with infliximab have yielded varying results
 ADDIN REFMGR.CITE 

[22, 23,28]
. Kim et al[26] reported a resolution of symptoms and endoscopic lesions after a single infusion of infliximab, but Maunory et al[27] reported a case of recurrence despite 2 infusions of infliximab. 

The effective eradication of Helicobacter pylori (H. pylori) has been reported to play a role in the treatment of CP. A review of the  English language medical literature has identified 6 reports
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[6,7,15,19,20,25]
 in which 9 CP patients were treated with H. pylori eradication treatment, 8 of whom showed a complete resolution of symptoms and cap polyps (88.9%) and 1 patient experienced a partial improvement of symptoms. Interestingly, all 9 patients tested positive for H. pylori, and the patient who showed only a partial improvement in symptoms had persistent H. pylori infection despite eradication therapy.
The possible role of H. pylori in extragastric diseases, including idiopathic thrombocytopenic purpura, iron deficiency anemia, chronic urticaria and ischemic heart disease, has been suggested[28-30]. Various mechanisms, including the release of inflammatory mediators, molecular mimicry and a systemic immune response, have been postulated
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[20]
. Although H. pylori has not been detected in the colonic mucosae of CP patients, these results suggest that H. pylori infection may indirectly play a part in the etiology of CP. Similar histological features between Menetrier’s disease (in which H. pylori has been postulated to play a role) and CP, such as elongated tortuous crypts, have been highlighted by Akamatsu et al
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[7]
. Testing for H. pylori in all CP cases and subsequent eradication therapy, if necessary, has been recommended by various authors
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[7, 20]
. In our series of pediatric patients, 3 patients underwent upper endoscopy, but none of these patients had H. pylori detected in their gastric mucosal biopsies. One patient received triple therapy but continued to have recurrence of symptoms. The role of H. pylori eradication therapy needs to be further evaluated in the pediatric population. 

Steroids and aminosalicyclates have been used with varying results
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[8,25]
. Chang et al
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[25]
 reported a series of 7 patients, 2 of whom maintained clinical response after 2 courses of systemic steroids: Symptoms persisted in 1 patient despite 2 courses of steroids and aminosalicylates; 3 patients experienced spontaneous remission, and 1 patient showed partial improvement after H. pylori eradication therapy. None of our patients received steroid therapy, although one patient was successfully treated with aminosalicylic acid. All of our patients for whom inflammatory markers were measured had normal values for these markers.

Polypectomy and surgical removal of the affected colon have produced inconsistent results, with Ng et al[4] reporting recurrence in 2 of 5 patients receiving polypectomy and recurrence in 2 of 4 patients who underwent surgical resection of the affected colon
 ADDIN REFMGR.CITE 

[7, 31]
. In our series, 10 of 11 patients underwent polypectomies. However, only half of these patients achieved complete remission at mean follow-up of 28 mo. These were patients with fewer than 5 polyps at presentation. Those patients with persistent symptoms despite polypectomies were more likely to have multiple polyps at presentation.
Clinical course
The clinical course and long-term prognosis of CP remain largely unknown. A self-limiting course has been reported, despite whether polypectomy or surgery has been performed[32,33]. A polypectomy will, however, provide a definitive histological diagnosis and may also be warranted when the patient presents with significant lower gastrointestinal bleeding. A complete polypectomy was effective in several studies
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[4,5]
, and this approach is recommended whenever possible. Our findings suggest that patients with multiple polyps at diagnosis are more likely to experience symptom recurrence. 

In conclusion, CP is a rare cause of rectal bleeding in children. Awareness of this diagnosis is important as the clinical and endoscopic features of CP can mimic Inflammatory Bowel Disease[32] and a misdiagnosis can result in prolonged and inappropriate treatment. CP polyps are distinctive inflammatory polyps covered by a cap of fibrinopurulent exudates normally located at the apices of the mucosal folds with normal intervening mucosa both macroscopically and on histological examination. Although the pseudopolyps in IBD have granulation tissues, the intervening mucosa is usually associated with inflammatory changes, such as superficial ulcerations, granularity and/or friability with crypt abscesses[34]. CP is mainly localized to the rectum and sigmoid, whereas the pseudopolyps in IBD may involve the entire colon. Clinically, CP patients are also more likely to have normal inflammatory markers with no extraintestinal manifestations, such as weight loss, oral ulcers, joint pain etc.
The clinical course of CP has not been well described. CP may in some instances, be a self-limiting condition. A complete colonoscopy should be performed as polyps have been described throughout the colon[35,36] when possible, a total polypectomy is recommended. Patients with predominant straining/constipation symptoms can be treated with laxatives and advised to avoid straining. Medical treatment including antibiotics (e.g., metronidazole) and eradication therapy for Helicobacter pylori has been shown to be effective in some reports. There is currently no good evidence for using aminosalicylic acid or immunosuppressive therapy for treatment of CP. Surgical resection may be indicated if symptoms persist despite medical therapy, although recurrence has been described post-operatively. 

In summary, CP is a rare cause of rectal bleeding in children. Awareness of this diagnosis is important as its clinical and endoscopic features can mimic inflammatory bowel disease and a misdiagnosis can result in prolonged and inappropriate treatment. Response to medical treatment has been shown to be inconsistent and unsatisfactory. Endoscopic or surgical excision can be curative, but the recurrence rates are high, particularly if numerous polyps are present. Longer term studies are necessary to understand the natural course of this condition. 
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Figure 1 Colonoscopy images of 2 patients with cap polyposis. A: Colonoscopy image of a patient showing multiple small sessile polypoid lesions with mucous exudates of CP in the rectum; B: Colonoscopy image of a patient showing a single sessile red polypoid lesion located on the transverse folds with normal intervening mucosa.
Figure 2 Histology of a sessile colonic polyp from a patient with cap polyposis. The polyp was comprised of granulation tissue and focally distended crypts with a slightly serrated luminal surface. Surface ulceration with fibrino-mucoid exudates was also present.

Table 1 Clinical features and treatment outcomes of cap polyposis patients
	ID
	Age (yr)
	Sex
	Diarrhea
	C+S
	Abdo pain
	PR bleeding 
	No. of polyps
	Site 
	Antibiotics
	Stool softeners
	Recur 
	Follow up (mo) 

	1
	5
	M
	No
	No
	No
	Yes
	1
	R
	No
	Yes
	No
	24
	

	2
	13
	M
	No
	Yes
	No
	Yes
	4
	R
	No
	Yes
	No
	4
	

	3
	8
	M
	NA
	Yes
	No
	Yes
	1
	R
	No
	Yes
	No
	3
	

	4
	8
	M
	No
	Yes
	No
	Yes
	1
	R
	Metro
	No
	No
	3
	

	5
	15
	F
	Yes
	No
	No
	Yes
	3
	R
	No
	No
	No
	24
	

	6
	15
	M
	Yes
	Yes
	Yes
	Yes
	n > 5
	R
	Metro
	Yes
	Yes
	36
	

	7
	10
	M
	Yes
	No
	Yes
	Yes
	n > 5
	R
	Metro
	Yes
	Yes
	5
	

	8
	11
	F
	No
	Yes
	Yes
	Yes
	n > 5
	R
	Metro
	Yes
	Yes
	72
	

	9
	13
	F
	No
	Yes
	Yes
	Yes
	n > 5
	R
	No
	Yes 
	Yes
	72
	

	10
	14
	F
	No
	Yes
	Yes
	Yes
	n > 5
	R+S
	No
	Yes
	Yes
	36
	

	11
	17
	M
	Yes
	No
	No
	Yes
	n > 5
	R+S
	No
	Yes
	NA
	Lost

Mean = 28
	


C+S: Constipation or straining; R: Rectum; S: Sigmoid; Metro: Metronidazole.
