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Abstract
AIM: To assess the usefulness of the balloon assisted 
enteroscopy in preventing surgical intervention in pa-
tients with Peutz-Jeghers syndrome (PJS) having a 
small bowel large polyps. 

METHODS: Seven consecutive asymptomatic pts (age 
15-38 years) with PJS have been collected; six under-
went polypectomy using single balloon enteroscopy 
(Olympus SIF Q180) with antegrade approach using 
push and pull technique. SBE system consists of the 
SIF-Q180 enteroscope, an overtube balloon control unit 
(OBCU Olympus Balloon Control Unit) and a dispos-
able silicone splinting tube with balloon (ST-SB1). All 
procedures were performed under general anesthesia. 
Previously all pts received wireless capsule endos-
copy (WCE). Prophylactic polypectomy was reserved 

mainly in pts who had polyps > 15 mm in diameter. 
The balloon is inflated and deflated by a balloon control 
unit with a safety pressure setting range from -6.0 kPa 
to +5.4 kPa. Informed consent has been obtained from 
pts or parents for each procedure.

RESULTS: Six pts underwent polypectomy of small 
bowel polyps; in 5 pts a large polyp > 15 mm (range 
20-50 mm in diameter) was resected; in 1 patient with 
WCE negative, SBE was performed for previous surgi-
cal resection of gastrointestinal stromal tumors. In 2 
pts endoscopic clips were placed due to a polypectomy. 
No surgical complication have been reported. SBE 
with resection of small bowel large polyps in PJS pts 
was useful to avoid gastrointestinal bleeding and 
emergency laparotomy due to intestinal intussuscep-
tions. No gastrointestinal tumors were found in sub-
sequent enteroscopic surveillance in all seven pts.  
In order surveillance, all pts received WCE, upper en-
doscopy, ileocolonoscopy every 2 years. No pts had 
extraintestinal malignant lesions. SBE was performed 
when WCE was positive for significant polyps (> 15 
mm).

CONCLUSION: The effective of prophylactic polyp-
ectomy of small bowel large polyps (> 15 mm) could 
be the first line treatment for conservative approach in 
management of PJS patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Peutz-Jeghers syndrome (PJS) is an autoso-
mal dominant disorder characterized by mucocutaneus 
pigmentation and multiple polyps in small bowel. Most 
of pts need surgical intervention for intussusceptions 
and gastrointestinal bleeding; the surgical risk is up to 
50% in pts having a large polyps > 15 mm or rapidly 
growing. Enteroscopy balloon assisted with resection of 
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small bowel large polyps is useful to avoid emergency 
laparotomy after performing wireless capsule endosco-
py. The effective of prophylactic polypectomy of small 
bowel large polyps could be the first line treatment for 
conservative approach in management of PJS patients.
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INTRODUCTION
Peutz-Jeghers syndrome (PJS) is a rare autosomal domi-
nant hereditary disease due to mutation in serine/threo-
nine kinase 11 tumour suppressor gene (STK 11 or 
LKB1), located on chromosome 19p13.3. The estimated 
incidence of  PJS ranges between 1 in 50000 and 1 in 
200000 live births[1]; it is characterized by mucocutane-
ous melanin pigmentation and hamartomatous polyps in 
the gastrointestinal tract[2]. These polyps are predominant 
in the small intestine (prevalence 64%), usually in the 
jejunum, followed by stomach and colon. The size of  
polyps requiring endoscopy resection for the high risk 
of  intussusceptions, bleeding, obstruction and malignant 
transformation, has been considered > 15-20 mm in 
patients with polyposis[3]. However, the most frequent 
complication of  PJS which occurred during the first de-
cade of  life, is intussusception that often needs multiple 
laparotomies with intestinal enterotomy that increase 
the risk for short-gut syndrome[4,5]. In the last few years, 
different diagnostic techniques have been developed for 
the assessment and therapeutic approach of  small bowel 
polyps, such as small bowel follow-through, wireless cap-
sule endoscopy (WCE), enteroclysis, magnetic resonance 
and balloon assisted enteroscopy (BAE). PJS is one of  
the most significant disease that benefit from WCE and 
BAE for management of  this intestinal pathology. The 
diagnostic yield of  WCE has been studied in PJS; usually 
it is safe, well tolerated and important for the detection 
of  small bowel polyps smaller than 5 mm. When large 
polyps (> 15 mm) are detected, endoscopic intervention 
may be required to remove them. BAE is successfully 
used for surveillance and treatment in patients with PJS[6]. 
Since 2009, in our Istitution we are using single balloon 
enteroscopy (SBE) in pts with PJS for radical polypec-
tomy that could provide a means of  prophylactic polyp-
ectomy to prevent complications and avoid the need for 
laparotomy. 

MATERIALS AND METHODS
Since 2009, we collected seven consecutive asymptomatic 
PJS pts (4 male, 3 female; age 15-38 years, mean age 22.2 

years; weight 50-72 kg) underwent SBE (Olympus SIF 
Q180 enteroscope Olympus Optical Co., Tokyo, Japan) 
with anterograde approach and push and pull technique. 
Clinical and endoscopic characteristics of  pts are summa-
rized in Table 1.

Before SBE procedure, all pts received upper en-
doscopy, ileo-colonoscopy and WCE (GIVEN Imaging 
Ltd., Yoqneam, Israel) to detect polyps’ location and size. 
WCE allows only an approximate estimation of  the size 
of  polyps based on previous experience, however, we 
estimated polyps size according to small bowel lumen 
size. The location of  small-bowel polyps was estimated 
by analyzing the WCE transit time between pylorus pas-
sage and ileocecal valve. Prophylactic polypectomy was 
reserved mainly in patients who had polyps > 15 mm in 
diameter. SBE system consists of  the SIF-Q180 entero-
scope, an overtube balloon control unit (OBCU Olympus 
Balloon Control Unit) and a disposable silicone splinting 
tube with balloon (ST-SB1). The balloon is inflated and 
deflated by a balloon control unit with a safety pressure 
setting range from -6.0 kPa to +5.4 kPa. All procedures 
were performed under general anesthesia. Informed con-
sent has been obtained from pts or parents for each pro-
cedure. Peroral insertion required the patient fast for 12 h. 
Perrectal insertion was not necessary because location of  
large polyps was predominantly in jejunum and proximal 
ileum. We performed polypectomy with a polypectomy 
snare and removed the excised polyp for histological eval-
uation. Polypectomy was carried out with ENDO CUT 
Q, a monopolar high frequency electrosurgical technique, 
based on cutting and coagulation cycles. All pts received 
intraoperative antibiotic prophylaxis. Fluoroscopic guid-
ance was used when necessary to verify the correct loop-
ing and the withdrawal maneuvers of  the endoscope. No 
hemoclips on the polyp pedicle prior to the polypectomy 
was placed to avoid post polypectomy bleeding. WCE 
and BAE were performed approximately every 2 years 
for surveillance and treatment of  polyps. All pts under-
went abdominal and testicular ultrasonography to exclude 
malignant extraintestinal complications. Ethical approval 
for this study was obtained from our ethics board.

RESULTS
Six pts underwent polypectomy of  small bowel polyps; 
in these pts polyps were located in jejunum and proximal 
ileum according to WCE investigation previously per-
formed (Figure 1). Five pts underwent to extensive polyp-
ectomy of  small bowel large polyps > 15 mm in diameter 
(20 mm until 50 mm) (Figure 2); from three to five small 
bowel large polyps were removed in 5 pts. In one case 
WCE was normal; this patient underwent SBE for previ-
ous surgical resection for gastrointestinal stromal tumors 
(GIST); SBE was normal. Histological evaluation showed 
hamartoma tissue in all polyps retrieved. No bleeding or 
surgical complications have been reported; no compli-
cations due to SBE occurred after procedures. In 2 pts 
endoscopic clips have been placed on a large tearing of  
intestinal mucosa due to polypectomy procedure (Figure 
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3). Three of  seven pts had multiple gastric micro polyps; 
no polypectomy was done. Four pts had multiple sessile 
colonic polyps, one of  them with large multiple polyps 
underwent polypectomy. The mean procedure time was 
72 min (range 60-120 min). Mean time of  discharge of  
pts was 2 d. All pts had previous surgical resections of  
small bowel for polyps due to obstruction or intussus-
ceptions. No gastrointestinal tumors were found in sub-
sequent enteroscopic surveillance in all seven pts. All pts 
received WCE, upper endoscopy, ileocolonoscopy every 
2 years. No pts had extraintestinal malignant lesions. SBE 
was performed when WCE was positive for significant 
polyps (> 15 mm). 

DISCUSSION
PJS is characterized by hamartomatous polyps of  small 
bowel predominantly located in the proximal jejunum. 
The majority of  patients with PJS had a history of  small 

bowel surgery. The risk of  intussusception and intesti-
nal obstruction before the age of  20 years is up to 50% 
in particular in patients having a large polyps > 15 mm 
or rapidly growing[6-8]. In the last few decades, several 
advanced endoscopic technique have been developed 
to allow a visualization of  small bowel and therapeutic 
approach without surgery. Before the introduction of  
BAE, small bowel polyps were removed only by intraop-
erative endoscopy or surgical resection; now with BAE[9] 
it is possible to remove proximal end distal small bowel 
polyps endoscopically, preventing abdominal surgery. 
WCE and SBE play an important role in surveillance of  
patients affected by PJS. WCE is safe, well tolerated and 
permits to detect size, aspect and location of  polyps on 
the entire length of  the digestive tube[10,11]. In our series, 
all patients received upper endoscopy, ileocolonoscopy 
and WCE to detect polyps’ location and size before SBE 
procedure. WCE allows only an approximate estima-
tion of  the size of  polyps; therefore, based on previous 
experience, we estimated polyps size according to small 
bowel lumen size. Katsinelos et al[12] estimated size pol-
yps as small or large, using an open pylorus orifice (di-
ameter 10 mm) as a reference for polyp size estimation. 
BAE offers diagnostic and therapeutic options for small 
bowel surveillance in PJS patients[9]; it is a safe procedure 
also in patients with previously abdominal surgery and in 
children[13,14]. When significant polyps are detected (> 15 
mm), BAE should be the preferred method for prophy-
lactic polypectomy[15]; Sakamoto et al[3] reported no intus-
susceptions developed in all pts underwent small bowel 
polypectomy. In our experience, endoscopic resection 
of  small bowel large polyps was important to reduce the 
risk of  acute intestinal intussusceptions or obstruction in 
all seven pts; no patients underwent small bowel resec-
tion during the surveillance. Small bowel surveillance is 
recommended every 2-3 years for pts with PJS from the 
age of  8-10 years by WCE[16] and endoscopy; removal 
of  significant small bowel polyps reduces emergency 
surgery[15-17]. Our surveillance program provide a screen-
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Table 1  Patient characteristics

Patients Sex Age 
(yr)

Previous surgery WCE SBE No. of polyps removed 
in small bowel

Size of polyps 
(mm)

Histology

1 M 35 Intussusceptions Jejunal large 
polyps

Proximal jejunal polyps 5 40 Hamartomatous 
polyps

2 M 34 Intussusceptions Jejunal polyps Proximal jejunal polyps 3 10 Hamartomatous 
polyps

3 F 16 Intussusceptions Jejunal large 
polyps

Distal  jejunal polyps 4 20 Hamartomatous 
polyps

4 F 21 Intussusceptions 
Laparotomy for perforation 

following colonic polyp

Jejunal large 
polyps

Proximal jejunal polyps 5 50 Hamartomatous 
polyps

5 M 31 Intussusceptions 
Lapatotomy for GIST

Normal Normal 
(Biopsies)

- - Normal

6 M 17 Intussusceptions Jejunal large 
polyps

Proximal jejunal polyps 4 40 Hamartomatous 
polyps

7 F 16 Intussusceptions Jejunal large 
polyps

Proximal jejunal polyps 3 50 Hamartomatous 
polyps

GIST: Gastrointestinal stromal tumors; WCE: Wireless capsule endoscopy; SBE: Single balloon enteroscopy.

Figure 1  Wireless capsule endoscopy: Jejunal polyp. 
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no risk of  tumor for the polyps smaller than one centi-
meter in patients with PJS[9]. No gastrointestinal tumor 
was found in our patients series during follow-up. In the 

ing from 8 years or earlier if  symptomatic (bleeding, 
abdominal pain) with upper endoscopy, colonoscopy, 
WCE and SBE according to WCE polyps detection. 
We suggest elective polypectomy with SBE when sig-
nificant small bowel polyps are detected (> 15 mm) and 
laparotomy when polypectomy is not possible (size of  
polyps > 5 cm or high risk of  complications). Follow up 
with WCE, upper endoscopy and SBE, if  necessary, is 
recommended every 2 years in asymptomatic pts (Figure 
4). Cancer predisposition in patient with PJS is known; 
the risk involves the small bowel, stomach, colon, pan-
creas and extraintestinal organs as Sertoli cells, breast 
and ovary. Intestinal polyps can transform in cancer; 
the risk is related to their dimension, even if  malignant 
transformation is found occasionally in PJS polyps; 
however transformation sequence hamartoma-adenoma-
carcinoma has been described[18-20]. It seems that there is 
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Figure 2  Extensive polypectomy of small bowel large polyps > 15 mm of 
diameter. A: Large jejunal polyp; B: Polypectomy: polyp captured with snare; C: 
Polyps pedicle post-polypectomy.

B

A

Figure 3  Endoscopic photograph. A: Tearing of intestinal mucosa post-
polypectomy; B: Hemoclip placement. 

PJS 

Patients 
asymptomatic

Patient symptomatic 
(bleeding, abdominal pain)

Surveillance from 8 yr 
of age with upper GI, 
Ileocolonoscopy, WCE

Endoscopic check 
before 8 yr

WCE small bowel large 
polyps > 15 mm

positive

WCE negative or 
small polyps  > 3 
mm - < 10 mm

BAE with extensive 
polypectomy of small bowel 

polyps (surveillance)

Follow up with WCE, upper endoscopy, ileocoloscopy and SBE 
(if necessary) every 2 yr

Figure 4   Surveillance algorithm. PJS: Peutz-Jeghers syndrome; WCE: 
Wireless capsule endoscopy; BAE: Balloon assisted enteroscopy; SBE: Single 
balloon enteroscopy. GI: Gastrointestinal. 
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past, one of  our patients underwent surgical small bowel 
resection for gastrointestinal tumor, classified as a GIST 
at surgical specimen examination. Endoscopic polypec-
tomy is a standardized technique and is not without risk. 
The hemoclip placement can be requested immediately 
after polyp resection[21,22]; in one of  our cases hemoclip 
was used to avoid a post polypectomy complication due 
to a large tearing of  small bowel mucosa. No bleeding 
and surgical complications have been reported after SBE 
procedure in our patients.

In a conclusion, PJS is a pathological condition that 
require a regular follow-up and screening during the 
life[23,24]; WCE and SBE procedures with resection of  
small bowel significant polyps are useful in asymptom-
atic patients to avoid severe gastrointestinal bleeding and 
emergency laparotomy due to intussusceptions[25]. About 
this, we reported our surveillance program that could be 
useful to follow-up patients affected by PJS. The effec-
tive of  prophylactic polypectomy of  small bowel large 
polyps could be the first line treatment for conservative 
approach in management of  PJS patients.

COMMENTS
Background
The major problems in the management of Peutz-Jeghers syndrome (PJS) are 
a large small-bowel polyps, which can cause intussusception and bleeding. The 
most of pediatric patients with PJS undergo a laparotomy for an episode of in-
testinal obstruction before they reached 18 years of age and a second laparot-
omy within 5 years. Balloon assisted enteroscopy (BAE) and wireless capsule 
endoscopy (WCE) play an important role for diagnostic, care and screening of 
a large small bowel polyps. Cancer predisposition in patient with PJS is known; 
transformation sequence hamartoma-adenoma-carcinoma has been described. 
Surveillance protocols in PJS have two main purposes: one is to detect size-
able gastroenterological polyps which could cause intussusception/obstruction 
or bleeding/anaemia, second is the detection of cancer at an early stage.
Research frontiers
The need for endoscopic access to improve diagnosis and treatment of small 
bowel disease has led to the development of novel technologies one of which is 
non-invasive, the video capsule, and a type of invasive technique, the device-
assisted enteroscopy. Before the introduction of BAE, small bowel polyps were 
removed only by intraoperative endoscopy or surgical resection; now with BAE 
it is possible to remove proximal end distal small bowel polyps endoscopically, 
preventing abdominal surgery. Also WCE is a useful examination for the super-
vision of small intestinal polyposis and PJS; BAE and WCE are complementary 
investigations in the assessment of small bowel diseases that led to a radical 
change in their management.
Innovations and breakthroughs
The authors described a method to avoid the risk of surgery using a conserva-
tive approach proposing a surveillance algorithm in the management of patient 
with PJS. Surveillance program provides a screening from 8 years in asymp-
tomatic pts or earlier (before 8 years) if symptomatic with upper endoscopy, 
colonoscopy, WCE and SBE according to WCE polyps detection. We suggest 
elective polypectomy with SBE when significant small bowel polyps are detect-
ed (> 15 mm) and laparotomy when polypectomy is not possible (size of polyps 
> 5 cm or high risk of complications).
Applications
The manuscript suggests that it is possible to manage PJS patients using a 
conservative approach with single balloon enteroscopy (SBE) and capsule 
endoscopy investigations. This technique should be used in dedicated pediatric 
endoscopy centers.
Terminology
BAE is a procedure which can allow advancement of long endoscope (200 cm) 
into the small bowel for diagnostic and therapeutic purposes. BAE uses one or 

two balloon systems. The system using two balloons is called double balloon 
enteroscopy and the system using a single balloon is called SBE.The proce-
dure can be performed via the upper gastrointestinal (GI) tract (antegrade) or 
through the lower GI tract (retrograde).
Peer review
This study describes a safe and useful technique for treatment of small bowel 
large polyps in patients with polyposis syndrome. The application of the balloon 
assisted enteroscopy may avoid surgical intervention in patients with Peutz-
Jeghers syndrome. It is well written.
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