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ABSTRACT

Background and objective: Little is known about the clinical 
impact of double-balloon enteroscopy (DBE) in patients with Peutz- 
Jeghers syndrome (PJS).

The aim of this study was to assess the efficacy and safety of DBE 
in the management of small-bowel polyps in PJS patients.

Patients and methods: We conducted a multicentre, retrospec-
tive cohort study, which included all consecutive patients diagnosed 
with PJS who underwent DBE for polypectomy between January 
2006 and August 2012. In all cases, previous videocapsule enteros-
copy had shown at least one polyp ≥ 10 mm in size.

Results: Twenty-five patients (13 men; median age 36 years; 14 
with prior laparotomy) underwent 46 DBE procedures (1 to 5 per 
patient, 44 via oral route). Polypectomy was performed in 39/46 
DBEs. A total of 214 polyps were removed (median-size 30 mm), 
with a median number of polypectomies per procedure of 5.0 (range 
1-18). The estimated maximum-sizes of resected polyps significantly 
decreased at each session: 30.0, 25.0, 20.0, 15.0, and 17.5 mm (p 
= 0.02). In 7 DBEs no polypectomy was performed (4-only minor 
polyps detected; 3-endoscopic irresecability). Complications occurred 
in 3/39 of therapeutic procedures (2-minor delayed bleeding; 1-muco-
sal tear), all of them dealt with conservative or endoscopic therapy. 
Six patients underwent elective surgery post DBE due to polyps not 
amenable for endoscopic resection. There were no small-bowel polyp 
related complications during a median follow-up of 56.5 months.

Conclusion: DBE showed to be a safe and effective technique 
in the management of small-bowel polyps in PJS patients, allowing 
a presymptomatic and non-surgical approach.

Key words: Peutz-Jeghers syndrome. Double balloon enteroscopy. 
Small-bowel polyps. Hamartomatous polyposis. Deep small-bowel 
enteroscopy. Balloon-assisted enteroscopy.

INTRODUCTION

Peutz-Jeghers syndrome (PJS) is an autosomal dominant 
hereditary disease caused by a germline mutation in the 
STK11 (LKB1) gene, located on chromosome 19p13.3 (1). 
A pathogenic mutation in the STK11 gene is found in 80 to 
94 percent of clinically affected patients (2,3). The incidence 
of this condition is estimated to be between 1 in 50,000 to 1 
in 200,000 live births (4). PJS is characterized by the pres-
ence of numerous pigmented spots on the lips and the buccal 
mucosa and multiple gastrointestinal hamartomatous pol-
yps. Hamartomas occur most commonly in the small intes-
tine (65 to 95 percent), predominantly in the jejunum (5,6). 
Gastrointestinal polyps may cause gastrointestinal bleeding, 
anemia and abdominal pain due to intussusception, obstruc-
tion or infarction (5,7). Half of patients with PJS experience 
symptoms before 20 years of age, mainly due to obstruction 
and intussusception, leading to multiple laparotomies with 
intestinal resection that can ultimately result in short-bowel 
syndrome and/or severe adhesions (5,8).

In addition, patients with PJS carry a significantly 
increased risk for the development of gastrointestinal and 
non-gastrointestinal malignancies, with relative risks rang-
ing from 10 to 18 in comparison with the general popu-
lation (9,10).

Because of the risk of complications related to polyps 
and the risk of malignancy, screening is recommended for 
individuals with clinical features of PJS (11). The main 
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indication for surveillance of the small-bowel is the pre-
vention of intussusception and the need for emergency 
laparotomy. Current consensus recommendations are that 
small-bowel surveillance using video capsule endoscopy 
(VCE) should be performed every 3 years if polyps are 
found at the initial examination, from age 8 years, or ear-
lier if the patient is symptomatic; if few or no polyps are 
found at the initial examination, screening should com-
mence again at the age of 18 (11).

Double-balloon enteroscopy (DBE) was first introduced 
by Yamamoto et al. in 2001, and has rapidly become an 
established and invaluable tool for diagnosing and treating 
small-bowel diseases (12). The major advantage of DBE 
compared with VCE and radiologic methods to visualize 
the small-bowel is the ability to perform a wide variety of 
therapeutic interventions during the same procedure (13). 
Until a couple of years ago, little was known about the 
clinical impact of surveillance and treatment of small-bow-
el polyps by using DBE in PJS patients (14). Since then, 
some studies have described a high diagnostic yield of 
DBE in PJS patients with successful polypectomy which, 
in theory, might prevent intussusceptions and avoid the 
need for emergency surgery (15-18).

The aim of this retrospective cohort study was to eval-
uate the therapeutic efficacy, clinical impact, and safety of 
endoscopic management of small-bowel polyps in patients 
with PJS by using DBE.

PATIENTS AND METHODS

Study design ant setting

We conducted a retrospective cohort study which 
included all consecutive patients with PJS from four ter-
tiary-care referral centres (IPOLFG, HGSA, ManopH and 
HUC) who had undergone DBE for polypectomy between 
January 2006 and August 2012.

The study was approved by the institutional review board.

Patients

This study included patients diagnosed with PJS on the 
basis of either the diagnostic criteria defined by the World 
Health Organization (19) or a proven STK11 mutation with 
a previous VCE showing at least one small-bowel polyp ≥ 
10 mm in size, referred for DBE.

Patients’ information and follow-up were obtained by 
chart review.

Enteroscopic procedure and therapy

DBE procedures were performed with the Fujinon 
EN-450T5 or EN-450P5 enteroscopes (Fujinon Inc., 

Saitama, Japan) under deep sedation with propofol 
(administered by an anaesthesiologist) and on an outpa-
tient basis.

The insertion route was determined by the findings of 
VCE. An anterograde approach was used for lesions noted 
in the first 60 % of a VCE study (based on the time at which 
the lesion was noted in the small-bowel relative to the total 
small-bowel transit time), whereas a retrograde approach 
was used for lesions in the distal 40 %. The investigation 
was performed after overnight fasting in oral procedures, 
or after bowel preparation using standard colonoscopy 
preparation in retrograde procedures.

For defining the insertion depth, the small-bowel was 
divided into 6 segments (proximal, mid and distal jeju-
num and proximal, mid and distal ileum) according to the 
accumulation of net advancement of each push-and-pull 
maneuver. To confirm total enteroscopy, we used Indian 
ink tattooing of the small-bowel. Total enteroscopy also 
was confirmed in the case of reaching the cecum by an 
oral approach.

At DBE, the polyp size was estimated according to the 
width of the biopsy forceps or the diameter of the pol-
ypectomy snare. Small-bowel polyps with a diameter of 
≥ 10 mm were considered suitable for polypectomy. Polyp-
ectomy was performed with commercially available oval 
snares (up to 45 mm in diameter). In some cases a 0.9 % 
isotonic saline solution was injected into the submucosal 
layer at the endoscopist discretion before polypectomy. 
Polyps that were deemed not suitable for safe endoscopic 
resection were referred for surgery. In those cases, Indian 
ink tattooing of the small-bowel was used to ease recogni-
tion upon laparotomy. Polyps were not routinely retrieved 
for pathological examination, considering the low risk of 
malignancy of PJS polyps.

In cases in which not all polyps larger than 10 mm were 
removed, DBE was repeated within 6-9 months after the 
index procedure. Surveillance with VCE, every 2-3 years, 
was carried out after all large polyps were resected. If pol-
yps > 10 mm in size were detected during surveillance, 
DBE was scheduled. DBE findings (size, number and loca-
tion of polyps, and polypectomy) were retrieved from the 
endoscopy report.

DBE-induced complications were evaluated through the 
review of patient medical chart and DBE report. A com-
plication was defined as any event that changed the health 
status of a patient negatively, and that occurred during the 
30-day period after DBE. Complications were further clas-
sified as intraprocedural, early (≤ 24 hours), or delayed 
(2-30 days). Therapeutic interventions taken with regard to 
complications were reported as conservative, endoscopic 
or surgical.

The setting (emergent vs. elective) and need for fur-
ther therapeutic intervention [laparotomy ± intraoperative 
enteroscopy (IOE)] during follow-up after DBE were 
recorded.
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Statistical analysis

Descriptive statistics were calculated for the patients’ 
data and DBE parameters, and are presented as medians, 
means, and SD, as well as ranges (minimum-maximum) 
for continuous data, and as absolute and relative frequen-
cies for categorical data. Correlations between the median 
number and size of resected polyps and DBE sessions were 
performed by using the Spearman rank correlation method.

All p values were 2-sided. A p value < 0.05 was consid-
ered statistically significant. Data handling and statistical 
analysis were performed with SPSS software package ver-
sion  20.0 (SPSS Inc., Chicago, IL).

RESULTS

Patient characteristics

Between January 2006 and August 2012, 25 patients 
with PJS were included in the study [13 men; median age 
36.0 years (range 17-73 years)]. Fourteen patients had a 
history of laparotomy, including 11 patients with enterec-
tomy for complicated small-bowel polyps (intussusception 
in 85.7 %). Clinical characteristics are presented in table I.

Procedural parameters and polypectomy

In total, 46 DBE procedures were performed in these 
patients during the analysed period. Procedural param-
eters are summarized in table II. The mean number of 
DBEs per patient was 1.8 ± 2.0 (range 1-5). Forty-four 
DBE were preformed via an oral approach and 2 through 
an anal approach. Twenty-five of these procedures were 
index DBE procedures (23 - oral route; 2 - anal route), and 
twenty-one were repeated DBE procedures (all through the 

oral route). The indications for repeated DBE were sched-
uled polypectomy after the detection of polyps larger than 
10 mm on surveillance VCE (12 procedures, 57.1 %) and 
resection of known polyps left in situ at the index proce-
dure (9 procedures, 42.9 %). The mean procedure duration 
was 84.3 ± 29.5 minutes (range 45-150). Insertion depths 
are depicted in table II.

Endoscopic resection of small-bowel polyps was per-
formed in 39 DBE procedures (84.8 %). In six patients pol-
yps were not resected during the index DBE because they 
were either too large for endoscopic removal (3 cases) or 
because only minor polyps were found (3 cases) despite 
deep insertion (proximal ileum). No polypectomy was car-
ried out in one of the repeated DBE procedures (dimin-
utive polyps). A total of 214 small-bowel polyps were 
resected, with an estimated median diameter of 30.0 mm 
(range 10-50). The median number of resected polyps per 
exam was 5.0 (range 1-18) (Table II).

The median number of resected polyps per patient 
increased from 3.0 (index DBE) to 5.0 (2nd session), 
7.0 (3rd session), 6.0 (4th session) and 4.0 (5th session) as the 
number of sessions increased, although not to a significant 
extent (p = 0.17, r = 0.22) (Fig. 1).

The estimated median maximum sizes of resected pol-
yps were 30.0, 25.0, 20.0, 15.0, and 17.5 mm at sessions 1 
through 5, respectively, and significantly decreased as the 
number of sessions increased (p = 0.02, r = -0.37) (Fig. 2).

Table II. DBE procedures

Total no. of procedures 46

Number of DBEs per patient (no.), 
mean ± SD (range)

1.8 ± 2.0 (1-5)

Route of DBE, no. (%)
  Oral
  Anal

44 (95.7 %)
2 (4.3 %)

Procedure duration (min.), 
mean ± SD (range)
  Total
  Index DBE
  Repeated DBE

84.3 ± 29.5 (45-150)
88.6 ± 30.4
78.3 ± 28.1

Insertion depth, no. (%)
  Proximal jejunum
  Mid-jejunum
  Distal jejunum
  Proximal ileum
  Mid-ileum
  Distal ileum
  Total enteroscopy

6 (13.0)
13 (28.3)
6 (13.0)
11 (23.9)
7 (15.2)
2 (4.4)
1 (2.2)

Estimated maximum diameter of 
resected polyps (mm), median (range)

30.0 (10-50)

Number of resected polyps per DBE 
(no.), median (range)

5.0 (1-18)

SD: Standard deviation.

Table I. Patient characteristics

Total no. of patients 25

Sex, no. (%)
  Female
  Male

12 (48)
13 (52)

Median age at diagnosis, years (range) 20.5 (9-72)

Median age at first DBE, years (range) 36.0 (17-73)

Mucocutaneous pigmentation, no. (%) 22 (88)

Family history of PJS, no. (%) 6/15 (40)*

STK11 mutation, no. (%) 14/16 (87.5)*

History of laparotomy, no. (%) 14/19 (73.7)*

Small-bowel resection, no. (%) 11/19 (57.9)

History of malignancies, no. (%) 3/18 (16.7)*a

*Unknown in the remaining; a2 colorectal carcinoma; 1 breast 

carcinoma.
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Six patients were referred for elective surgical resec-
tion (all after the index procedure). The indications for 
enterectomy were the presence of a jejunal neoplasia 
(1 case), polyps locally concentrated in large numbers 
(2 cases), bulky polyps (2 cases; size up to 60 mm) (Fig. 3) 
and invaginated polyp (1 case). Surgical specimens were 
consistent with hamartomas and the jejunal neoplasia har-
boured a small-bowel adenocarcinoma (pT2 N0).

Complications

We registered a total of 3 complications among all of 
the DBE procedures (6.5 %). The complications involved 
one small-bowel mucosal tear and two gastrointestinal 
bleedings. All complications occurred in patients who 
underwent therapeutic DBE (7.3 %). No post-polypectomy 
perforations were reported.

The mucosal tear was detected during the procedure at an 
enteric anastomosis in a patient with history of small-bowel 
resections. Despite there were no signs of perforation the 
tear was closed with the placement of endoclips.

Two delayed postpolypectomy bleeds were reported, 
accounting for an overall postpolypectomy bleeding rate 
per polyp, per procedure, and per patient of 0.9 %, 4.3 %, 
and 8.0 %, respectively. Both were categorized as minor 
(melena and haemoglobin drop < 2.0 g/dL from baseline) 
and were managed with conservative care (outpatient clin-
ical observation with no need of blood replacement).

Follow-up

The median follow-up time after the index DBE was 
56.5 months (range 3-76 months), with a total of 1,129 
person-months. During that period, one patient, with a his-
tory of repeated small-bowel resections, presented with 
acute small-bowel obstruction because of adhesions, which 
were found and treated during laparotomy. There were no 
reports of complications caused by small-bowel polyps 
during follow-up.

DISCUSSION

The distribution of PJS polyps throughout the GI tract 
makes surveillance and treatment challenging, particular-
ly for polyps located within the small-bowel. The initial 
main purpose of regular surveillance is the prevention of 
small bowel obstruction and intussusception by removal 
of hamartomas of significant size (11).

Until only a few years ago, push enteroscopy (for prox-
imal lesions), primary surgical resection and IOE with 
polypectomy were the only available means for treating 
polyps in the small intestine in these patients. In the last 

Fig. 1. Number of resected polyps per patient in each session. Median 
number of resected polyps per patient increased from 3.0 to 5.0, 7.0, 6.0 
and 4.0 as the number of sessions increased, although not to a significant 
extent (p = 0.17, r = 0.22, Spearman rank correlation method).

Fig. 3. Endoscopic view of a hamartomatous polyp. Example of a bulky 
hamartomatous polyp deemed unresectable at DBE.

Fig. 2. Maximum size of the resected polyps per patient in each session. 
Median maximum size (in mm) of resected polyps per patient in each 
session were 30.0 (first session), 25.0 (second session), 20.0 (third 
session), 15.0 (fourth session), and 17.5 (fifth session), and significantly 
decreased as the number of sessions increased (p = 0.02, r = -0.37, 
Spearman rank correlation method).
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decade, development of DBE and VCE has allowed direct 
visualisation of the small bowel, and in the case of DBE, 
resection of polyps via a standard snare polypectomy with-
out the need for laparotomy (13).

Ohmiya et al. were the first to describe the use of DBE 
for the diagnosis and treatment of Peutz-Jeghers polyps in 
the small intestine (14). In two patients, multiple polyps 
(10-60 mm) were detected in the jejunum and ileum and 
resected without subsequent bleeding or perforation. Since 
then, a few studies have reported the clinical applicability 
of DBE in PJS patients (15-18).

In the present study, we sought to evaluate the thera-
peutic efficacy, clinical impact, and safety of DBE pol-
ypectomy in 25 patients with PJS with known significant 
small-bowel polyps according to findings in VCE. Unlike 
two former studies (15,16), where DBE was used as a 
diagnostic and therapeutic tool, the centers participating 
in this study favor a step-up approach for surveillance, 
making complementary use of the different techniques. As 
a first step we use VCE because it is a safe, non-invasive 
and sensitive method for visualization of the small-bowel 
lumen and the detection of polyps. If polyps with a diam-
eter larger than 10 are found, DBE with polypectomy is 
performed as the second step. The adoption of this strategy 
identified small-bowel polyps, predominantly in the jeju-
num, in all patients, and led to therapeutic intervention in 
85 % of procedures (19 out of 25 patients). Nevertheless, 
in 3 patients only small hamartomas where found during 
DBE, underscoring the limitations of VCE in estimating 
polyp size as previously stated (20,21).

Ideally, DBE polypectomy should be performed when 
polyps are relatively small, thereby avoiding the techni-
cally more difficult endoscopic resection of large polyps 
at a later stage. Despite the high therapeutic performance 
reported in the study, six patients were still referred for 
elective primary or adjuvant surgical resection (2 with 
IOE) due to the presence of large polyps that could not be 
safely removed endoscopically. Our high surgical refer-
ral rate in comparison with results previously reported 
(15,16), in which only one out of 28 patients was referred 
for elective laparotomy, outlines some limitations of DBE 
when dealing with polyps that are bulky, locally concen-
trated in large numbers, invaginated and thick-stalked, and 
those with serosal retraction into the stalk. Mathus-Vlie-
gen and Tytgat (22) had already noted, back in 1986 when 
performing IOE, that under these circumstances polyps 
were unsuitable for polypectomy even if performed during 
surgery, and recommended that such lesions be removed 
by enterectomy.

Two studies have reported that the total enteroscopy rate 
and maximum insertion depth at DBE was significantly 
lower in patients with PJS and a history of laparotomies 
than in those without previous laparotomies (16,17). In the 
present study, total enteroscopy was achieved in only one 
patient, but this fact did not hampered therapeutic perfor-
mance or resulted in a complicated disease course. There-

fore, it seems that history of abdominal surgery does not 
preclude the efficacy of DBE in patients with this condition.

Another major issue is the complications of DBE. The 
complication rate in patients with PJS who underwent ther-
apeutic DBE (7.3 %) was slightly higher than that previous-
ly reported by Sakamoto et al. (6.8 %) (16) and Mensink et 
al. (4.3 %) (23). Nevertheless, all of our complications were 
minor and managed in a non-invasive manner, suggesting 
that DBE polypectomy is a relatively safe technique. One 
important fact is that during the reviewed period no perfo-
ration occurred, opposing the report of the German DBE 
Study Group, in which the perforation rate was 1.5 % per 
resected polyp (24). This finding might be related to careful 
selection of polyps to be endoscopically resected.

PJS patients carry a high cumulative intussusception risk 
at young age (50 % at the age of 20 years) (8). Intussus-
ceptions are generally caused by polyps larger than 15 mm 
(with polyp size probably being the most important risk fac-
tor for small-bowel intussusception), present predominantly 
as an acute abdomen and lead to surgical emergencies (8). 
These findings support the rationale of enteroscopic sur-
veillance to prevent complications. This study showed that, 
after a median follow-up of 56.5 months, timely endoscop-
ic management with removal of small-bowel hamartomas 
≥ 10 mm in diameter was useful for preventing intussus-
ceptions, and avoiding emergency laparotomy. This trend 
was probably related to a significant reduction in size of 
resected polyps as the number of sessions increased. In fact, 
the adoption of this strategy, might eventually lead to the 
elimination of significant polyps, thereby precluding com-
plications and associated morbidity and mortality.

Another indication for surveillance in older patients with 
PJS is the elevated risk of small-bowel cancer (11). The 
mechanism of carcinogenesis in PJS and the role of the 
PJS polyp remain controversial. Some authors propose an 
unique hamartoma-adenoma-carcinoma pathway (25). This 
hypothesis is supported by the finding of adenomatous foci 
within PJS polyps and also by the description of cancer 
arising within PJS polyps (26). According to Ohmiya et al., 
adenoma or adenocarcinoma was observed in 9 of 30 polyps 
(30.0 %) > 20 mm in size and in 1 of 80 polyps (1.3 %) ≤ 20 
mm in size (p < 0.001) (17). However, other authors sate that 
dysplasia is found only rarely in PJS polyps. PJS polyps are 
polyclonal and only a minority of gastrointestinal cancers 
in PJS is diagnosed in surveillance exams. Some authors 
consider that hamartomatous polyp formation in PJS is the 
result of mucosal prolapse due to a germline disruption of a 
polarity pathway. This implies that hamartomatous polyps 
observed in PJS are an epiphenomenon to the cancer prone 
condition, instead of obligate malignant precursors, and that 
the rare cases of dysplasia and cancer arising in PJS polyps 
may be due to the prolapse of the mucosa containing small 
sporadic adenomas (27). One can thus hypothesize that 
hamartomas have none or small potential for malignization 
and that small-bowel cancer may arise from flat mucosa, 
possibly due to increased neoplastic initiation or accelerated 
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carcinogenesis. Therefore, it is unclear if the removal of 
small-bowel polyps could potentially decrease the risk for 
malignancies by removal of precursor lesions. Follow up 
of patients submitted to surveillance and endoscopic pol-
ypectomy may help to clarify this issue. Based on these 
conflicting results we think that the retrieval of polyps larger 
than 20 mm may be considered.

The major drawbacks of this study are related with its 
retrospective nature and limited number of patients. Nev-
ertheless, due to its long follow-up time and large number 
of polypectomies it allows us to draw some conclusions 
regarding efficacy and safety.

In conclusion, we highlight the role of DBE as a safe 
and effective therapeutic option for small-bowel polyps 
in PJS that avoids the need for laparotomy. DBE polyp-
ectomy might preclude complications of PJS, including 
intussusception, bleeding, and eventually malignancy, 
thereby obviating the need for emergency laparotomies. 
The effect of such an approach remains to be established 
in prospective trials.
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