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Abstract

Introduction Symptomatic anastomotic stricture is a rare but major complication after left-sided colorectal surgery. Hydrau-
lic balloon dilatation is the first-line treatment in cases where the complication occurs, but 20% of patients present with
refractory strictures after multiple sessions. Endoscopic stricturoplasty with the use of a linear stapler is a novel therapeutic
alternative for those difficult cases.

Materials and Methods We identified all patients in our department who underwent endoscopic stricturoplasty with a linear
stapler between 2004 and 2022. The technical, periinterventional, and follow-up data of the patients were retrospectively
analyzed.

Results We identified nine patients who fulfilled our inclusion criteria. The procedure was technically possible in eight
cases, whereas in one case, the anatomy of the anastomosis did not allow for a correct placement of the stapler. All patients
with a technically successful procedure were relieved from their symptoms and could have their ostomy reversed. There was
no periprocedural morbidity and mortality. Two patients presented with a recurrent stricture eight and 26 months after the
initial stricturoplasty, and the procedure was successfully repeated in both cases.

Conclusions Endoscopic stricturoplasty is a feasible, safe, and minimally invasive alternative for the treatment of refractory
anastomotic strictures in the distal colon and rectum for patients with a suitable anatomy.
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Introduction

The developments in surgical techniques and available
devices over the last decades have decreased the overall
morbidity and mortality of colorectal surgery and expanded
its indications. Nevertheless, anastomotic strictures are still
a major complication after colorectal resections. Up to 30%
of patients experience benign anastomotic strictures, most
of which occur within the first year after surgery, with the
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vast majority being localized in the lower sigmoid colon and
rectum [1-4]. The absolute diameter of the anastomosis does
not seem to have a linear association with the presence of
symptoms, such as constipation, tenesmus, ribbon stools,
or even bowel obstruction, and thus, most authors reserve
the indication for treatment only for symptomatic strictures,
which are estimated between 50 and 75% of all strictures [2,
5, 6]. In cases of anastomoses located distally to an ostomy,
where symptoms would only occur after reversal of the
ostomy, a minimum diameter for a functional anastomosis
has to be defined preoperatively, and an easy passage with
the standard 9mm endoscope is the most common criterion.

In the past, the surgical revision of the anastomosis was
the only treatment option available, even if it was technically
demanding and associated with high morbidity [4, 7]. Nowa-
days, endoscopic methods allow for a minimally invasive
yet effective treatment, and surgery is reserved only for the
rare failure cases. Among the various endoscopic methods
suggested, balloon dilatation is the most commonly used
first-line treatment: it is quick, safe, and easy to perform


http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-023-08156-0&domain=pdf
http://orcid.org/0000-0001-8294-6673

Digestive Diseases and Sciences (2023) 68:4432-4438

4433

even in an outpatient setting; it offers an adequate treatment
for most patients; and it is currently the gold standard for
the treatment of benign strictures in the colorectum [1, 8].
However, multiple sessions are usually necessary to relieve
symptoms, and up to 20% of the strictures can be refrac-
tory to this treatment option [9]. Different methods includ-
ing incision with electrocautery and transanal surgery have
been proposed for the treatment of such recurring strictures;
however, the evidence of the published data is very low, and
no general suggestion can be made regarding these rare and
difficult cases [8].

We have previously described a technique for endoscopic
stricturoplasty with the endoluminal use of a linear stapler
for the treatment of refractory anastomotic strictures in the
distal colon and rectum [10]. The aim of our current study
is to present the first series of patients treated with this
technique, focusing on its technical aspects and long-term
results.

Patients and Methods

We identified all patients treated with an endoscopic stric-
turoplasty with a linear stapler for anastomotic strictures in
the distal colon and rectum in the Central Interdisciplinary
Endoscopy Department of the University Hospital of Man-
nheim between 2004 and 2022. The anonymized patient data
were extracted from our endoscopic database and retrospec-
tively analyzed. An approval of the local ethics committee
was acquired.

Indication

The main indication for endoscopic treatment was the
presence of obstruction symptoms including obstipa-
tion, tenesmus, and bowel obstruction in combination
with endoscopic verification of an anastomotic stricture
in the lower sigmoid colon or rectum. For patients with
an ostomy, the indication was seen for anastomoses that
could not be passed with the standard 9 mm endoscope.
The first-line treatment was hydraulic balloon dilatation
up to a maximum diameter of 20 mm. In cases of very
low strictures, where a stable position of the endoscope
was not possible, Heger dilatators were used instead. A
refractory anastomotic stricture was defined as a failure
to treat the patient’s symptoms after multiple endoscopic
attempts. If primary surgery was performed because of
cancer, a biopsy was routinely performed to exclude tumor
recurrence. From these refractory cases, patients with a
suitable anatomy were selected for endoscopic stricturo-
plasty with the use of a linear stapler. The ideal anatomy
for this procedure is that of an end-to-side or side-to-side

descendorectostomy, commonly seen after sigmoidectomy
or low anterior rectal resection. In order for the stapler
branches to be positioned correctly, the anastomotic stric-
ture had to be short (<1 cm in length) and diaphragm-like.
Additionally, an at least 3-cm-long blind loop of the rec-
tum had to be present on the distal side of the anastomosis,
orientated parallel to the proximal colon, allowing correct
placement of the stapler.

A special group selected for this procedure consisted
of patients with a coloanal anastomosis and a J-pouch
in which a bridge of scarry tissue was formed between
the opposite stapler lines of the pouch, directly above the
anastomosis, thus occluding the pouch outlet. All patients
were thoroughly informed about the therapeutic alterna-
tives and signed an informed consent before the procedure.

Endoscopic Technique

All procedures were performed under propofol sedation
in the endoscopy suite. All procedures were performed
according to the initial description of the technique by
an experienced endoscopist with additional experience in
transanal surgery (G.K. or K.K.) [10].

The patient was positioned in the left lateral position. A
5 mm pediatric endoscope was introduced, and the stric-
ture was carefully explored. If the stricture was too nar-
row to allow the passage of the slim branch of the linear
stapler, a hydraulic balloon dilatation up to 10 mm was
performed. Subsequently, a single use linear cutter sta-
pler with a 70-mm-long handle and a magazine angula-
tion capability of up to 45° was introduced transanally.
The stapler magazines used had six rows of staples—three
on each side of the blade—and were suitable for use on
the colon (intermediate tissue thickness). The length of
the magazine—30 mm, 40 mm, or 55 mm—was selected
according to the individual characteristics of each patient.
Under direct endoscopic view, the stapler head was angu-
lated appropriately, the slim branch was passed through
the stricture into the proximal colon, and the wide branch
was positioned in the blind loop of the rectum, distal to the
anastomosis. The stapler was advanced as far as possible
so that the maximum amount of tissue could be captured
between its branches and was subsequently closed and
fired, dividing the diaphragm (Fig. 1). If necessary, the
procedure was repeated with a further magazine until the
diaphragm was completely divided and the anastomosis
was wide open.

In the cases of the scarry tissue bridge inside the
J-pouch, the branches of the stapler were positioned on
either side of the bridge, and the procedure was repeated
until the whole bridge was divided and the pouch was
completely open again.
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Fig. 1 Endoscopic stricturoplasty with linear stapler for a persistent
anastomotic stricture. a and b Anastomotic stricture after laparo-
scopic sigmoidectomy with side-to-side anastomosis (initial diameter
2 mm). ¢ Stricture after initial balloon dilatation and insertion of the
ARAMIS operation rectoscope. The blind end of the rectum offers

Fig.2 Anastomotic stenosis
after low anterior resection.
Anastomotic stenosis with a
residual diameter of 5 mm.
Result 6 months after endo-
scopic stricturoplasty with a
linear stapler. Final diameter
15 mm

Postprocedural Care and Follow-Up
All procedures were performed in an inpatient setting. The

patients could be discharged after the second day if they
did not show any signs of bleeding or discomfort. The first

@ Springer

enough space for the branches of the linear stapler (arrow). d Intro-
duction of the linear stapler. e and f Insertion of one branch of the
stapler through the anastomosis and of the other branch in the blind
loop of the rectum. g and h Result at the end of the procedure. i Final
result in the 6 months follow-up (diameter 14 mm)

endoscopic follow-up was scheduled 4—-6 weeks after the
initial procedure (Fig. 2). Further follow-up was based on
the symptoms of each patient and the oncological stand-
ards in the case of cancer patients.
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Results

We identified 11 procedures on nine patients—five male
and four female—fulfilling the inclusion criteria of our
analysis within the study period. The surgical history,
including indication and type of surgery, of the patients is
summarized in Table 1.

Five patients developed moderate but persistent symp-
toms including abdominal pain, obstipation, and tenesmus,
whereas one patient presented with recurring symptoms of
acute bowel obstruction. Three patients had a loop ileos-
tomy, and the indication for the procedure was based on
the endoscopic findings. All patients underwent several
sessions of endoscopic balloon dilatation or bouginage
with Heger dilatators prior to the endoscopic stricturo-
plasty, which could neither alleviate the symptoms nor
improve the endoscopic findings. The median interval
from the initial anastomosis to the endoscopic stricturo-
plasty was 10 months (range 4-26 months).

The median distance of the anastomosis of the anal
verge was 9 cm (range 2—15 cm), and the median diameter
was 5.5 mm (range 1-10 mm). The procedure was techni-
cally successful in eight out of nine patients, resulting in
a technical success rate of 89%. Six patients received the

typical endoscopic stricturoplasty with linear stapler as
described above, and in two patients, a bridge of scarry
tissue that formed in the J-pouch was divided. In one
case, and despite previous endoscopic assessment, the
anatomy of the anastomosis did not allow for an adequate
positioning of the linear stapler, and the procedure was
discontinued.

The median number of stapler magazines used per pro-
cedure was two (range 1-3), and their lengths varied from
30 to 55 mm. A technical difficulty that occurred during the
first procedures was the air leakage through the anal canal
between the endoscope and the stapler. From the seventh
procedure onward, a 3.5 cm operation rectoscope (ARA-
MIS, Sapi Med S.p.A., Alessandria, Italy) was additionally
used. The rectoscope sealed the anal canal, thus offering a
stable pneumorectum, and the endoscope and stapler were
introduced through its working channels. Apart from that,
there were no further technical problems during insertion,
orientation, placement, and firing of the stapler. The median
duration of the procedure was 60 min (range 41-68 min),
and the median hospital stay was 2 days (range 1-4 days).
No complications occurred, periinterventional morbidity and
mortality were nil. The clinical outcomes of the patients are
summarized in Table 2.

Table 1 Surgical history of the patients (*FAP =familial adenomatous polyposis, **ENPT: endoscopic negative pressure therapy)

Patient no. Indication Neoadju-  Type of resection Laparoscopic or  Anas- ENPT**  Surgical re- Ileostomy at
vant radia- open tomotic intervention the time of the
tion leak endoscopic

stricturoplasty

1 Rectal cancer Yes Low anterior Open No No Yes, because of  No

resection anastomotic
stricture

2 Diverticular No Sigmoidectomy  Laparoscopic Yes Yes Yes, because of  No

disease anastomotic
leak

3 Diverticular No Sigmoidectomy  Open No No No No

disease

4 Diverticular No Sigmoidectomy  Laparoscopic No No Yes, because of  Yes

disease recurrent diver-
ticulitis

5 Diverticulitis No Hartmann proce- Open No No Yes, Hartmann No

with perforation dure procedure
reversal
6 Rectal cancer No Low anterior Open No No No No
resection with
J-pouch

7 FAP* No Proctocolectomy  Open No No Yes, because of ~ Yes

with J-pouch pouch outlet
obstruction

8 Diverticular No Sigmoidectomy  Laparoscopic No No No No

disease

9 Rectal cancer No Low anterior Laparoscopic No No No Yes

resection
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Table 2 Clinical outcomes

Patient no. Technical Complications Hospital stay ~ Number of Clinical success
success (days) procedures
1 Yes No 2 1 Yes
2 Yes No 1 2 Yes
3 Yes No 1 2 Yes
4 Yes No 2 1 Yes
5 Yes No 4 1 Yes
6 Yes No 2 1 Yes
7 Yes No 2 1 Yes
8 No No 2 1 No
9 Yes No 1 1 Yes

All symptomatic patients reported a significant relief of
their symptoms after the procedure, and in the three patients
with an ostomy, a reversal was performed shortly after the
stricturoplasty without any postoperative signs of obstruc-
tion, thus resulting in a clinical success rate of 100% after a
technically successful procedure (Fig. 2).

The median follow-up was 25 months (range 12-206
months). Follow-up endoscopy revealed a recurrent stricture
in two patients, eight and 26 months after the initial proce-
dure, respectively; the stricture was treated with a second
session of endoscopic stricturoplasty. Further follow-up did
not reveal any recurrence, and no further procedures were
necessary.

Discussion

Anastomotic stricture remains a challenging complication
of colorectal surgery, significantly impairing quality of life
and often prolonging the necessity of an ostomy [5]. Simple
endoscopic procedures, such as balloon dilatation and boug-
inage, can adequately treat most of these strictures and spare
the patients major surgical revisions, yet in some cases, the
patients’ symptoms cannot be resolved even after multiple
procedures [9, 11]. In this case series, we present an alter-
native endoscopic procedure for the treatment of refractory
anastomotic strictures, making use of a linear stapler under
direct view with a flexible endoscope. Our findings support
the feasibility of this technique in an appropriately selected
group of patients with favorable anatomy. All patients in our
study could be relieved from their symptoms after one or
rarely two sessions of endoscopic stricturoplasty without any
morbidity or mortality, and the long-term results revealed no
further recurrences.

The exact pathophysiology of anastomotic strictures is yet
to be defined. Several studies have identified a series of risk
factors for the development of symptomatic strictures after
colorectal surgery, including anastomotic leak, perioperative
radiation, obesity, older age, ischemia, stapled anastomosis,
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and diverticular disease or diverticulitis as indications for
the initial resection [1, 5, 12, 13]. However, none of the
risk factors can identify which patients will respond well
to standard endoscopic treatment, a fact that is also evident
in our study. Among our patients, only one had received
preoperative radiation, and one further had experienced an
anastomotic leak requiring endoscopic negative pressure
therapy. Five of our nine patients had undergone multiple
surgical procedures (Table 1), suggesting that the extensive
scarring in and around the rectal wall might also affect the
development of a refractory stricture. Diverticular disease
or diverticulitis was indeed the most common indication for
the primary resection in our case series, but this might also
be attributed to selection bias because of the geometry of
the anastomosis. The anastomosis after sigmoidectomy is
typically located higher and the lumen of the distal colon is
wider than after rectal resection with a low anastomosis, thus
facilitating better placement of the stapler and making those
patients better candidates for the procedure.

Endoscopic balloon dilatation is currently the most com-
mon first-line treatment method for anastomotic strictures
since it is easy to perform even in an outpatient setting
and has an acceptable safety profile with a perforation rate
from 3 to 5% and negligible bleeding rates [1, 8, 9, 14-17].
The main point of criticism remains the necessity for mul-
tiple dilatations, with only 25-50% of the strictures being
resolved after the first session and some patients requiring
up to nine consequent procedures, thus increasing the overall
risk of adverse events and impairing the patients’ quality
of life [16, 18-20]. The same principles and outcomes also
apply for bouginage with Savary-Gillard or Heger dilata-
tors [21-23]. Even after multiple sessions, 18-20% of the
strictures will not be resolved, and further treatment will
be necessary [9, 24]. We believe that this selected group of
patients can profit from more complex and invasive thera-
peutic options; therefore, in our study, we reserved the indi-
cation for the endoscopic stricturoplasty with a linear stapler
only for patients who did respond to multiple sessions of
balloon dilatation or bouginage.
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We believe that the main factor for failure of balloon
dilatation and bouginage is the uncontrolled tearing of the
anastomosis in multiple sites, causing an equally uncon-
trolled healing with rebuilding of scarry tissue along the
entire anastomosis. Supporting this theory is the fact that
different methods, such as electrocautery incision, inflicting
a controlled and localized trauma to the scarry tissue of the
stricture seem to have similar initial success rates of up to
80% but with significantly lower recurrence rates and higher
long-term patency [25-28]. This principle applies also to the
stricturoplasty with the use of a linear stapler since the tissue
trauma is localized in the area of the incision, without any
radial forces excreted to the rest of the anastomosis. The lack
of use of electrocautery further reduces the collateral tissue
damage, thus potentially reducing the formation of scarry
tissue. A further advantage of our technique in comparison
to electrocautery incision is the additional sealing of the tis-
sue around the incision through the staple line. This allows
for a further advancement of the stapler and an extension
of the incision to the normal rectal wall, if necessary, thus
making the procedure more effective, with a minimal risk of
perforation compared to electrocautery incision [29].

The use of staplers in the treatment of anastomotic stric-
tures is not new, and circular staplers have been used as
early as 1986 in an attempt to cut out the scarry tissue and
“redo” the anastomosis. However, the main problem remains
the placement of the anvil in the proximal side of the anas-
tomosis, which either requires a transabdominal approach
with colotomy or an extreme dilatation of the stenosis prior
to the procedure in order to transanally introduce the 28
mm or 32 mm anvil [30-32]. Linear staplers are easier to
introduce through a narrow anastomosis, and if the stricture
is short and the geometry favorable, they can safely divide
the entire fibrotic tissue diaphragm. To date, there are very
few case reports of the use of linear staplers for similar pro-
cedures, most of them in a form of transanal surgery with
rigid instruments and general anesthesia, and they have
shown encouraging results [33—35]. The main advantage of
our technique is the possibility to perform it under flexible
endoscopic guidance in the endoscopy suite and under seda-
tion, without the need for general anesthesia or a long-time
slot in the operating room.

Patient selection is crucial for the success of this method.
If the indication for the primary resection was cancer, mul-
tiple biopsies should be performed before the procedure to
not oversee tumor recurrence. The anatomy and geometry of
the anastomosis must then be carefully evaluated to assess
the possibility of an adequate placement of the stapler. The
best candidates for this procedure according to our experi-
ence are patients after sigmoidectomy with an end-to-side or
side-to-side descendorectostomy. In that case, the blind end
of the rectum offers enough space for the placement of the
wide branch of the linear stapler, while the other branch is

inserted through the anastomosis. Despite thorough previous
evaluation, correct positioning of the stapler proved to be
impossible in one of our cases, and this possibility should
be openly discussed with the patients before the procedure.
Given the proper patient selection, endoscopic stricturo-
plasty with linear stapler can offer very good periprocedural
and long-term results for these challenging strictures.

The main limitation of our study is patient selection and
the small number of cases. However, the nature of the dis-
ease and the technical aspects of the method do not justify
its general application for all strictures, especially given the
therapeutic alternatives. The evaluation of this technique in
a prospective setting and in comparison to other methods
would offer more solid data to its efficacy and could possibly
objectify the characteristics of the patients that can most
profit from it, but the rarity of suitable cases makes such a
study at the moment technically impossible.

Conclusions

The findings of our study show that endoscopic stricturo-
plasty with the use of a linear stapler is an effective, safe,
and minimally invasive technique for the treatment of recur-
ring and refractory anastomotic strictures in the distal colon
and rectum. Careful patient selection is crucial in order to
identify patients with suitable anatomy who will profit from
this procedure.
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