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Background
Peutz–Jeghers syndrome (PJS) is a hereditary 
polyposis syndrome due to mutations of STK11 
(LKB1) gene, with an autosomal dominant trans-
mission and incomplete penetrance. The inci-
dence of PJS is estimated to be 0.5–2 out of 

100,000 births per year.1 Its main features are 
a typical mucocutaneous pigmentation and 
hamartomatous polyps in the gastrointestinal 
(GI) tract.2–4 Patients affected by PJS also have  
an increased risk of developing GI and extra-GI  
cancers.5 In these patients, GI cancers have the 
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Abstract
Background: Patients with Peutz–Jeghers syndrome develop hamartomatous polyps in 
the small bowel, possibly causing anemia, intussusception, and obstruction. We aimed to 
evaluate the impact of an enteroscopy-based approach, including both device-assisted and 
intraoperative enteroscopy, on the reduction of the polyp burden in a cohort of adult Peutz–
Jeghers syndrome patients.
Materials and methods: A retrospective study was conducted at Azienda Ospedaliero-
Universitaria Città della Salute e della Scienza in Turin, Italy. Consecutive Peutz–Jeghers 
syndrome patients eligible for device-assisted or intraoperative enteroscopy, between January 
2003 and November 2019, were included. Enteroscopy technical issues and complications 
were recorded. At the time of index enteroscopy, the patients’ clinical records were 
retrospectively reviewed, and clinical data were recorded until November 2019.
Results: Overall, 24 patients were included. Before inclusion, 16/24 patients (66.7%) 
underwent small bowel surgery for polyp-related complications, 13 of which (81.2%) 
in an emergent setting. Two patients had a history of small bowel neoplasms. During 
the timeframe, 47 device-assisted enteroscopies and 9 intraoperative enteroscopies 
were performed, and 247 small bowel polyps were endoscopically removed. The overall 
complication rate was 12.8% (8.5% for device-assisted enteroscopy, 22.2% for intraoperative 
enteroscopy). The median observation time was 108 months: in this timeframe, two patients 
developed small bowel polyp-related complications requiring emergent surgery. No patients 
developed small bowel cancer, but nine extra-gastrointestinal neoplasms were recorded.
Conclusion: An enteroscopy-based approach appears to be well tolerated and effective 
in decreasing polyp-related complications in Peutz–Jeghers syndrome patients, thus 
reducing the need for emergent surgery. Although the prevention of small bowel polyp-
related complications remains the main goal in these patients, the high incidence of extra-
gastrointestinal neoplasms appears to be a rising issue.
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highest incidence with a cumulative risk of 33% 
at the age of 60, mainly occurring in the colon 
and in the small bowel (SB).5 Breast and pancre-
atic cancers are the most frequent extra-GI neo-
plasms in PJS patients.

PJS hamartomatous polyps can occur anywhere in 
the GI tract, but they are most commonly located 
in the small intestine; up to 96% of PJS patients 
develop nondysplastic hamartomatous polyps in 
the SB, while about one-third of them have gastric 
or colonic polyps.6 SB PJS polyps usually arise 
during childhood and the first complications, such 
as intussusception, intestinal obstruction, or bleed-
ing, typically occur within the second decade.7,8 
Moreover, as demonstrated in historical cohorts, 
more than two-thirds of the patients underwent 
surgery because of SB polyp-related complications 
by the end of the second decade.9,10

Screening strategies aimed at reducing SB polyp-
related complications have evolved during the 
years. The latest European guidelines suggest to 
start the screening at the age of 8 years and to 
repeat diagnostic procedures every 1–3 years 
according to the clinical phenotype: video capsule 
endoscopy (VCE) and magnetic resonance enter-
ography (MRE) are the recommended imaging 
techniques for the study of the SB.7,11,12 Computed 
tomography enterography (CTE) can also be used 
to detect SB polyps, especially when ⩾1 cm.13 The 
effectiveness of the dedicated SB diagnostic tools, 
along with the widespread adoption of the recom-
mended screening policy, has resulted in an 
increase in PJS patients needing polyp removal. 
Until recently, the management of polyps of the 
SB was mainly surgical, often requiring several 

interventions over time with multiple resections, 
potentially resulting in short bowel syndrome. 
However, the development in recent years of 
device-assisted enteroscopy (DAE) systems, cou-
pling an extensive evaluation of the SB with endo-
scopic polyp removal, has offered the opportunity 
for a nonsurgical management of SB polyps. In 
fact, recent guidelines agree that polypectomy or 
endoscopic mucosal resection (EMR) by means of 
DAE, or intraoperative enteroscopy (IOE) in 
selected cases, is the most effective treatment for 
the reduction of SB polyp burden in PJS patients 
(Figure 1).11,14 However, although recent studies 
on the endoscopic management of PJS patients 
seem to provide consistent results, they include a 
limited number of patients, are often focused on 
the pediatric patients, and mostly have a short 
follow-up (Table 1).8,15–31

In this study, we aimed to assess the impact of  
an enteroscopy-based approach (including both 
DAE and IOE) on the reduction of the polyp bur-
den in a cohort of PJS patients.

Methods
All consecutive adult patients (⩾18 years old)  
with clinical or genetic diagnosis of PJS who 
underwent DAE or IOE between January 2003 
and November 2019, in a tertiary care center 
(Azienda Ospedaliero-Universitaria Città della 
Salute e della Scienza di Torino, Turin, Italy), 
were included. This center has a well-established 
dedicated pathway for diagnosis and therapy of 
PJS patients and, since the introduction of DAE in 
2003, taking into account the limitation of diag-
nostic procedures in locating the SB polyps, all the 

Figure 1. Polypectomy of a jejunal PJS polyp.
PJS, Peutz–Jeghers syndrome.
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endoscopic procedures were performed by DAE 
or IOE, whereas push enteroscopies were no 
longer performed. In this center, patients were 
considered eligible for DAE or IOE if ⩾1 SB 
polyp ⩾1.5 cm in size was detected by diagnostic 
procedures (e.g. VCE, MRE, CTE, and SB series/
enteroclysis). The route of insertion was decided 
depending on the imaging findings: when neces-
sary, the patients underwent a combined approach 
(i.e. antegrade procedure followed by retrograde 
procedure some days after) in order to remove all 
the detected polyps. The choice between DAE 
and IOE was taken on a case-by-case basis, taking 
into account not only diagnostic test results 
(namely, number, size, and location of polyps) but 
also the characteristics of the patient, ongoing 
comorbidities, the previous history of surgical 
resection, the risk of short bowel, and the will of 
the patient. In case of possible IOE, we discussed 
the case during multidisciplinary meeting with 
radiologists, anesthesiologists, and surgeons.

For each included patient, the following data 
were collected through a dedicated database: 
patient’s characteristics at time of index enteros-
copy (e.g. demographics, diagnostic SB proce-
dures performed before enteroscopy, previous 
oncological history, history of GI previous surgi-
cal interventions, etc.), enteroscopic procedures 
performed during the study timeframe (e.g. type 
of procedure, procedural issues, complications, 
etc.), as well as any other clinically relevant event 
occurring during the study timeframe (e.g. surgi-
cal interventions, results of screening tests, etc.). 
These data were retrieved by checking hospital 
medical records and procedures’ reports or, when 
unavailable, by phone contact with the patients at 
time of data collection (i.e. November 2019). In 
our study, the observation time was defined as the 
time interval between the index enteroscopy 
(either DAE or IOE) and the data collection time.

All enteroscopic procedures were performed 
under deep sedation or under general anesthesia 
with tracheal intubation on a case-by-case basis, 
by a gastroenterologist experienced in enteros-
copy (M.P., P.C.V.) after obtaining a written 
medical informed consent. As far as DAE is con-
cerned, the insertion route was based on the loca-
tion of the largest polyp at previous imaging.

DAE was performed with either single- or dou-
ble-balloon system: the choice between single-
balloon enteroscopy (SBE) and double-balloon 
enteroscopy (DBE) was related to the availability 

of the equipment at the time of the examination. 
SBE was performed with either a standard 
Olympus SIF-Q180 (Olympus Optical Co., 
Tokyo, Japan) or a prototype, equipped with a 
wider operative channel (3.2 mm). DBE was per-
formed with Fujinon EN-450P5 or Fujinon 
EN-580T (Fujifilm Inc., Tokyo, Japan). Both 
systems are described in detail elsewhere.32 IOE 
was performed with Olympus SIF-100, SIF-
Q140, or SIF-Q180 (Olympus Optical Co.); after 
surgical enterotomy, the progression in the SB 
loops was performed directly by the surgeon.

All polyps were resected endoscopically, with the en 
bloc or piecemeal technique according to the polyp 
size, morphology, and location. Submucosal injec-
tion prior to the polyp removal was performed with 
saline solution or diluted epinephrine (epinephrine 
ratio was at the discretion of the endoscopist). 
Prophylactic clipping after the polyp removal was 
done at the discretion of the endoscopist.

All resected polyps were sent to the Pathology 
Department of our hospital for histopathological 
analysis. Incidental polyps <5 mm were not 
included in the total count of removed polyps.

Enteroscopy-related complications (e.g. bleeding, 
perforation, and acute pancreatitis) were system-
atically recorded: these were defined as intraproce-
dural when occurring during the procedure, early, 
or delayed when occurring within or over 24 h after 
the procedure, respectively. Bleeding was classified 
as minor when self-limiting or when hemostasis 
was achieved with endotherapy during the same 
procedure with a hemoglobin drop <2 g/dL, and 
as major when a hemoglobin drop ⩾2 g/dL was 
observed or when transfusions were required or 
when further procedures were planned (i.e. hem-
bolization or a new DAE) to perform hemostasis 
or when it increased the length of the hospital stay. 
The diagnosis of acute pancreatitis was made 
according to the established diagnostic criteria.33 
For IOE, surgically related complications were 
also collected and systematically recorded.

Results

Patients’ characteristics at time of index 
enteroscopy
Between January 2003 and November 2019, 24 
patients who met the inclusion criteria were 
included; 15 of them were male (62.5%). At time 
of inclusion in this study, the median age was 
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33.5 years [interquartile range (IQR): 25.0–43.5]. 
The index enteroscopy was DAE in 18 patients 
and IOE in 6 patients.

The patients were referred for index enteroscopy 
because of the detection of an SB polyp requiring 
removal, in at least one dedicated diagnostic pro-
cedure: as reported in Table 2, overall 19 VCE, 4 
MRE, 3 CTE, and 3 SB series were performed. 
In detail, 5 patients underwent more than one 
diagnostic procedure, whereas, out of the remain-
ing 19 patients, 14 underwent only VCE, 1 only 
MRE, 1 only CTE, and 3 only SB series.

At time of inclusion, 16 patients had already 
received SB surgery (66.7%) for SB polyp-related 
complications, such as intussusception or intesti-
nal obstruction, even if 13 of them (81.2%) were 
not diagnosed yet with PJS at the time of surgery. 
Surgical intervention was performed in an emer-
gent setting in these 13 patients. Two patients 
(2/24; 8.3%) had a history of SB adenocarcinoma, 
which was treated surgically in an elective setting, 
whereas no patients had a history of extra-GI neo-
plasms. The patient’s characteristics are summa-
rized in Table 3.

Enteroscopic procedures
During the study timeframe, 56 enteroscopic pro-
cedures were performed overall: 47 DAE (47/56; 
83.9%) and 9 IOE (9/56; 16.1%). Out of 47 DAE 
procedures, 29 were SBE (22 with an antegrade 
approach) and 18 were DBE (13 with an ante-
grade approach). On six occasions, a combined 
(oral and anal) approach was performed (DBE in 
five cases, SBE in one case) because the polyp/s 
identified in previous diagnostic tests (target 
polyp/s) was not identified during the first exami-
nation; in these patients, a tattoo was placed and 
a second enteroscopy examination was planned, 
via the alternate route. During the second exami-
nation, the target polyp/s was always reached 
without the need of a complete SB exploration. 
The time trend of IOE and DAE performed in 
the study timeframe is presented in Figure 2.

Endoscopic resection of 247 SB polyps ⩾5 mm 
(size range: 5.0–60.0 mm) was carried out: 181 of 
these polyps (73.3%) measured ⩾15 mm. 158/247 
polyps (64.0%) were resected during DAE 
(median number of polyps per DAE: 2.0, IQR: 
1.0–4.0) and 89 (36.0%) during 8 IOE (median 
number of polyps per IOE: 7.5, IQR: 6.0–17.0). 
During one IOE, no polyps were resected: the 

previously detected lesion was considered unre-
sectable due to its localization (descending duode-
num, medial wall) and its extremely large size, and 
the patient has recently undergone duodenopan-
createctomy. Out of 247 polyps, 242 were histo-
logically confirmed as hamartomas, 1 was a 
tubulovillous adenoma with high-grade dysplasia, 
and 1 was a serrated polyp with low-grade dyspla-
sia; 3 polyps were not retrieved after resection.

Complications occurred in 6/47 procedures 
(12.8%): the per-procedure complication rate was 
8.5% (4/47) and 22.2% (2/9) in patients undergo-
ing DAE and IOE, respectively. Regarding DAE-
related complications, one was defined as major and 
three as minor. The only major complication was a 
pneumothorax at the end of a per-oral DAE: the 
patient was treated conservatively and recovered 
uneventfully. In three cases, a minor intraproce-
dural bleeding was observed. Two IOE-related 
complications were reported: one case of minor 
intraprocedural bleeding and one case of delayed 
perforation, the latter being related to enterotomy. 
Neither perforation nor acute pancreatitis was 
reported in our series. Procedural and per-patient 
details are reported in Tables 4 and 2, respectively.

Clinical data during the study timeframe
After index enteroscopy, no further data were 
retrieved in two patients (medical data were una-
vailable and we could not contact them by phone): 
therefore, they were excluded from further analy-
sis. Data collected in 22 patients are summarized 
in Table 5.

The median time of observation was 108.0 months 
(IQR: 35.5–163.7). During this timeframe, 2/22 
patients (9.1%) developed polyp-related complica-
tions (intussusception in both cases) which led to 
emergent surgery. No SB neoplasms were reported, 
whereas in 8/22 patients (36.4%) 9 extra-GI neo-
plasms were recorded: pancreatic cancer (n = 1), 
lung cancer (n = 2), breast cancer (n = 2), ovarian 
cancer (n = 1), papillary thyroid cancer (n = 1), 
basal cell carcinoma (n = 1), and hepatocellular 
carcinoma (n = 1). Out of 22 patients, 3 died dur-
ing the observation period (13.6%): all deaths were 
directly related to extra-GI neoplasms (lung, pan-
creatic, and ovarian cancers).

Discussion
In our series, during a 17-year timeframe, we 
included 24 adult patients who underwent 56 
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enteroscopic procedures overall (46 DAE and 9 
IOE). For each included patient, we systemati-
cally collected the technical data of all the proce-
dures, thus confirming the high efficacy and safety 
profile of the enteroscopy-based approach. For 
the majority of the patients, it was possible to col-
lect clinical data during the study timeframe, 
which highlighted a reduction in SB polyp-related 

complications and an increase in extra-GI 
neoplasms.

As our study timeframe is long (about 17 years), 
we could observe the distribution of enteroscopic 
procedures over time. In detail, we observed a sta-
ble increase in device-assisted procedures through-
out the years, whereas intraoperative procedures 
decreased progressively. In our study, the choice 
between DAE and IOE was not standardized: 
upfront IOE was considered after multidisciplinary 
discussion on a case-by-case basis, given its high 
rate of complications, when large or multiple pol-
yps were detected during baseline imaging workup; 
no predefined cutoff for the polyp size or number 
was set to take IOE into consideration, but indeed 
an evaluation combining clinical and technical 
parameters, as well as the will of the patient, was 
performed. IOE was also indicated when polyps 
were considered too difficult to remove endoscopi-
cally. Nevertheless, all our data show that DAE has 
almost totally replaced IOE and that it is, by now, 
the reference standard technique for the removal 
of SB polyps in PJS patients.11

Although the patients were included in the study 
with different timings, at the time of index enter-
oscopy, in our case series the median time of 
observation was long (about 9 years). Interestingly, 
during this timeframe, there were only 2 cases of 
SB polyp-related complications with consequent 

Table 3. Patients’ characteristics at time of  
inclusion.

Demographics

 No. of patients 24

 Males, n (%) 15 (62.5)

 Median age (IQR) 33.5 (25.0–43.5)

History of SB surgery

 n (%) 16 (66.7)

 In emergency, n (%) 13/16 (81.2)

History of SB neoplasms, n 
(%)

2 (8.3)

History of extra-GI 
neoplasms, n (%)

0 (0)

GI, gastrointestinal; IQR, interquartile range; SB, small 
bowel.

0
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Figure 2. Time trend of IOE and DAE.
DAE, device-assisted enteroscopy; IOE, intraoperative enteroscopy.
The dashed line shows the linear trend of DAE procedures over time, whereas the dotted line refers to the linear time trend 
of IOE.
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emergent surgery: conversely, about two-thirds of 
these patients had a positive history for SB sur-
gery due to polyp-related complications prior to 
joining the study. These data indirectly highlight 
the efficacy of enteroscopy in the management of 
SB polyps and appear to confirm the results of 
other studies in which, in patients undergoing 
multiple DAE sessions, the median number and 
dimension of resected SB polyps progressively 
decreased.20,29

Of note, during the observation period, no SB 
neoplasms were detected even though two 
patients had a positive history for SB cancer: 
although our cohort is small, it is intriguing to 
hypothesize a direct effect in SB cancer preven-
tion in these patients, as suggested by Latchford 
and colleagues.34

In PJS patients, the endoscopic management of 
polyps is technically challenging due to their locali-
zation in the SB: the SB wall is thin, the working 
space is limited, and, sometimes, it is difficult to 
maintain a stable position with the scope. The 
complication rate of DAE in our study is relatively 

high (8.5%), especially when compared with stud-
ies with a large population of patients undergoing 
operative DAE.35 Nevertheless, it should be noted 
that these series take into account all operative ent-
eroscopies, including hemostatic procedures which 
are generally less risky. Conversely, our data are 
exclusively related to polypectomy, which is con-
sidered to be the most dangerous procedure due to 
the thin SB wall, and they appear to be in line with 
the complication rate reported in similar case series 
of PJS patients undergoing DAE. Of note, most of 
the complications in our study were minor and 
were easily managed by the endoscopist during the 
same procedure.

On the contrary, the safety profile of IOE is differ-
ent: although in line with the literature data, in our 
study IOE’s complication rate is higher than that of 
DAE. Possible explanations may be related to the 
higher number of polypectomies performed during 
IOE (median number of polyps removed during 
DAE and IOE being 2 and 7, respectively), to the 
localization of polyps and to their size (patients 
undergoing IOE were considered having more ‘dif-
ficult’ polyps), and to the surgical setting per se.

Table 4. Enteroscopic procedures.

Type of 
enteroscopy

No. of procedures, 
n (%)

Antegrade 
procedures

No. of resected 
polyps, n (%)

Complications (%)

SBE 29 (51.8) 22 113 (45.8) 3 minor intraprocedural 
bleeding, 1 pneumothorax 
(4/47 (8.5%))DBE 18 (32.1) 13 45 (18.2)

IOE 9 (16.1) NA 89 (36.0) 1 minor intraprocedural 
bleeding, 1 late perforation 
(2/9 (22.2%))

Total 56 (100) 35 247 (100) 6 (12.8%)

DBE, double-balloon enteroscopy; IOE, intraoperative enteroscopy; NA, not applicable; SBE, single-balloon enteroscopy.

Table 5. Patients’ characteristics during the study timeframe.

No. of patients 22

Observation time (months), median (IQR) 108.0 (35.5–163.7)

SB surgery, n (%) 2/22 (9.1)

SB neoplasms, n (%) 0/22 (0)

Extra-GI neoplasms, n (%) 8/22 (36.4)

Deaths, n (%) 3/22 (13.6)

GI, gastrointestinal; IQR, interquartile range; SB, small bowel.
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Interesting data came out of the oncological anal-
ysis: during the 9-year median observation period, 
eight patients developed nine extra-GI neo-
plasms, whereas at the time of inclusion in our 
network none of them had such a diagnosis. 
Moreover, extra-GI neoplasms are the cause of all 
deaths in our cohort. Although the median age at 
index enteroscopy was 35 years and both the 
study timeframe and the median observation time 
(17 and 9 years, respectively) were relatively long, 
in our opinion the trend observed in our cohort 
might not be due to aging only, but it is likely to 
reflect a true increase in extra-GI neoplasm inci-
dence. Recent guidelines propose a dedicated 
multiorgan screening protocol for oncological 
prevention, which is also applied in our center.13 
The evidence of surveillance recommendations is 
low, due to the rarity of the syndrome: the variety 
of the pathways of genetic mutations makes the 
understanding of cancer development in PJS 
patients extremely problematic.7,36,37 Currently, 
the rising incidence of extra-GI neoplasms 
appears to be the most significant burden for 
patients affected by PJS. Due to these data, it 
seems that ongoing cancer surveillance protocols 
are not sufficient yet.

Our study has several limitations. First of all, it is 
a descriptive study with a retrospective design. 
Second, although the study timeframe is wide, 
the overall number of included patients is rela-
tively small; however, our sample size is in line 
with that reported in previous paper and the rarity 
of the syndrome, as well as the relative novelty of 
the DAE approach, compared with previous 
management strategies, makes the patient collec-
tion difficult. Third, as the main goal of enteros-
copy examinations was to remove the polyp/s 
identified during previous diagnostic procedures 
(either VCE or SB dedicated cross-sectional 
imaging techniques), we did not attempt to per-
form complete SB explorations. Moreover, we are 
not able to estimate the impact of enteroscopy 
techniques taking into account the whole SB 
detection rate. However, we can hypothesize that 
the impact of a complete evaluation of the SB 
could be even higher than that observed in our 
study. Last but not least, some patients were 
referred to our tertiary care center by other small 
hospitals in Italy, and therefore we cannot be sure 
that the oncological extra-GI screening had been 
carried out properly (some patients could already 
harbor extra-GI lesions when they came to our 
attention) or that some other relevant data had 
been missed or not reported. Despite these 

limitations, we believe that these data might be 
one of the resources for establishing management 
strategies in patients with PJS in the future.

Conclusion
Results of our study show that the enteroscopy-
based approach appears to be effective in decreas-
ing polyp-related complications, thus reducing 
the need for emergent surgery, with an acceptable 
rate of procedural adverse events, particularly as 
far as DAE is concerned. Although the preven-
tion of SB polyp-related complications remains 
the main goal of screening programs in PJS 
patients, the high incidence of extra-GI neo-
plasms is a rising issue in PJS patients.
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