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a b s t r a c t

Background: Ileal pouch-anal anastomosis is most commonly performed by double-stapling technique
after rectal transection with a linear stapler. Double-stapling is increasingly criticized for the uneven
longer cuffs and potential weak points. A transanal rectal transection and single-stapled anastomosis
may potentially overcome the limitations of double-stapling. A single-stapled anastomosis may be
accomplished through a transanal rectal transection followed by bottom-up dissection (transanal-ileal
pouch-anal anastomosis) or through an abdominal, rectal dissection and subsequent transanal tran-
section and single-stapled anastomosis. The purpose of this study is to compare short-term and func-
tional outcomes of double-stapling versus single-stapled techniques for ileal pouch-anal anastomosis.
Methods: This is a single-institution, ambidirectional study. Patients with ulcerative colitis undergoing
ileal pouch-anal anastomosis between 2014 and 2021 were included in the study and allocated into 2
groups: group 1, including double stapled ileal pouch anal anastomosis, and group 2, including single-
stapled-ileal pouch-anal anastomosis. The primary endpoint was the difference in functional parameters.
Results: A total of 130 patients were included, 46 undergoing double-stapling-ileal pouch-anal anasto-
mosis and 84 receiving single-stapled ileal pouch-anal anastomosis. Rectal-cuff length (defined as the
distance between the dentate line and ileal pouch-anal anastomosis) was shorter after single-stapled
compared with double-stapling ileal pouch-anal anastomosis (1.98 ± 0.21 vs 2.20 ± 0.53 cm, P ¼ .01).
Anastomotic leak rate was comparable between group 1 and group 2 (6% vs 5%, P ¼ .69). Functional
parameters were comparable except for urgency, which was lower for single-stapled compared with
double-stapling ileal pouch-anal anastomosis (8%, vs 30%, P ¼ .002).
Conclusion: Single-stapled ileal pouch-anal anastomosis was associated with a shorter rectal cuff and
lower urgency than double-stapling ileal pouch-anal anastomosis. In our opinion, these results warrant a
prospective multicentric trial to scrutinize and confirm these benefits on a larger scale.

© 2023 Elsevier Inc. All rights reserved.
Introduction
 dissection, rectal transection, and ileal pouch-anal anastomosis
Pouch surgery still accounts for technical challenges and high
morbidity. It implies 3 well-defined technical steps: rectal
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(IPAA).1,2
Dissection

As for cancer, rectal dissection can be achieved by open, lapa-
roscopic, robotic, and transanal approaches.3,4 However, although
cancer surgery implies a total mesorectal excision (TME), a close
rectal dissection (CRD) is an alternative option with the potential
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advantages of being nerve-preserving and reducing the risk of
postoperative pelvic collection.5-8

Transection

A precise rectal transection of the distal rectum near the ano-
rectal junction is not always achievable with minimally invasive
staplers due to angulation restraints and pelvic anatomy,9-11 often
leading to oblique staple-line and longer rectal cuff. A rectal cuff
longer than 2 cm (“retained rectum”) is associated with a higher
rate of cuffitis or proctitis.12,13 An alternative way is to transect the
rectum with direct visual control by electrocautery at the desired
height with a transanal approach, as described in transanal-ileal
pouch-anal anastomosis and, more recently, transanal transection
and anastomosis (TTSS)-IPAA.14

Anastomosis

The so-called “dog ears” resulting from the double stapled ileal
pouch anal anastomosis (DS) technique have been associated with
an increased risk of anastomotic leak.15 Conversely, SS-IPAA sho-
wed a lower morbidity16 and comparable functional outcomes17

compared with the DS technique. Single-stapled IPAA techniques
comply with the recent warning from the US Food and Drug
Administration about the increased leak risk resulting fromcrossed-
staple lines.18 Indeed, a recent study from our group reported a
lower anastomotic leak rate after a single-stapling technique in
rectal cancer surgery.19 This study aimed to compare short-term
and functional outcomes of SS- and DS-IPAA techniques.

Methods

Design

This is an ambidirectional, single-center cohort study. The
included patients were allocated to 2 comparison cohorts according
to the type of rectal transection and anastomosis:

� Group 1, including DS-IPAA, which consist of a transabdominal
rectal cross-stapling transection and a double-stapled
anastomosis.

� Group 2, including SS-IPAA, which consist of a transanal rectal
transection and double purse-string single-stapled anastomosis.

Patients were followed regularly until stoma closure; a complete
clinical assessment was performed 1 and 6 months after stoma
closure. Six months after stoma closure, patients were asked to
complete the Pouch Functional Score20 to assess functional
parameters.

The primary endpoint of the study was to compare functional
outcomes (number of bowel movements in 24 hours, urgency rate,
minor/major incontinence rate) at 6 months after stoma closure,
the rate of pouch defunction at 6 months after stoma closure, and
the rate of pouchitis after 6 months from stoma closure.

The secondary endpoint included comparing the 30-day and 90-
day postoperative complications rates classified according to the
ClavieneDindo scale between group 1 and group 2.

The main comparison analysis was performed between group 1
and group 2. A further sub-analysis performed according to
the surgical techniques (DS-, ta-, and TTSS-IPAA procedures) has
been included in the supplementary section (Supplementary
Tables S1e4).

The study was approved by the local ethical committee and was
conducted following the Good Clinical Practices and the ethical
principles of the Declaration of Helsinki.
Eligibility criteria

All patients with UC undergoing DS-IPAA and SS-IPAA between
January 2014 to August 2021 at a single referral center were
included. Patients undergoing IPAA without covering stoma (as in
modified 2-stage restorative proctocolectomy) and patients diag-
nosed with Crohn’s disease or familial polyposis syndrome were
excluded from the analysis.

Surgical procedures

Pouch construction
The ileal pouch was constructed by a standardized technique:

after superior mesenteric pedicle mobilization and further elon-
gation maneuvers, a J pouch was constructed on the most depen-
dent distal ileal loop, with 2 fires of a 100 mm linear stapler.
Indocyanine green fluorescence angiography, as previously
described,21 was used to repeatedly evaluate the perfusion of the
ileal loop designed for pouch construction after the elongation
maneuvers, pouch construction, and creation of the IPAA.

Proctectomy and anastomosis

Details of the surgical steps are summarized in Figure 1.

DS-IPAA

A conventional proctectomy was carried-out transabdominally
using an open or laparoscopic (multi-/single-port) approach. The
dissection was performed with a monopolar hook for TME or an
energy device for CRD. A DS-IPAA was fashioned after anterior
distal rectum transection by a laparoscopic linear stapler with a
transanal circular stapler.2

SS-IPAA

Single-stapled IPAA was accomplished after transanal transec-
tion and subsequent rectal dissection from below (ta-IPAA) or after
rectal dissection from above with subsequent TTSS-IPAA. Details on
both techniques are available in dedicated videos.22,23

The rectal cuff was defined as the distance between the dentate
line and the anastomosis and was measured intraoperatively for all
patients after IPAA creation.

Plane of rectal dissection

In all the groups, a TME was performed for the patients diag-
nosed with rectal cancer or dysplasia, whereas all other patients
underwent a CRD or an “improper TME.”

Statistical analysis

Categorical and dichotomous variables are reported as fre-
quencies and percentages; continuous variables were tested for
normal distribution using the ShapiroeWilks test (with P < .05
indicating non-normal distribution) and are presented as mean ±
SD if normally distributed or as median and IQR if skewed. Cate-
gorical and dichotomous variables were analyzed using Pearson’s
c2 statistic with Fisher exact test. Depending on the distribution,
continuous variables were analyzed using an unpaired Student’s t
test or ManneWhitney U test. Multiple comparisons of normally
distributed variables were performed with a one-way analysis of
variance with Tukey’s correction; skewed variables were compared
with KruskaleWallis tests using Dunn’s correction. Statistical



Figure 1. Schematic representation of the surgical steps involved in the procedures. DS-IPAA, double-stapling ileal pouch-anal anastomosis; SS-IPAA, single-stapled ileal pouch-anal
anastomosis; TTS-IIPA, transection and single-stapled anastomosis ileal pouch-anal anastomosis.

Table I
Demographics and baseline characteristics, mean ± SD, n (%)
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analysis was performed using SPSS Statistic version 25.0 (IBM SPSS,
Inc, Armonk, NY).
Group 1 (DS) Group 2 (SS) P value

Characteristics
No. of patients 46 84
Sex, females 24 (52%) 37 (44%) .46
Age, y 46 ± 15 45 ± 14 .29
BMI, kg/m2 23.68 ± 3.27 23.00 ± 3.34 .34
Surgical indication .27
UC 31 (67%) 65 (77%)
UC and CRC/dysplasia 15 (33%) 19 (23%)

Comorbidities 14 (30%) 30 (36%) .57
Smoking 2 (4%) 7 (8%) .49
ASA grade .90
ASA I 15 (33%) 27 (32%)
ASA II 29 (63%) 54 (64%)
ASA III 2 (4%) 3 (4%)

Dichotomous and categorical variables are analyzed using a Pearson’s c2

statistic; continuous variables are analyzed using a 2-sided Student’s t test
and 1-way analysis of variance with Tukey’s correction.
ASA, American Society of Anesthesiologists; BMI, body mass index; CRC,
colorectal cancer; FAP, familiar adenomatous polyposis; UC, ulcerative
colitis.

Table II
Results

After excluding patients undergoing a modified 2-stage proc-
tocolectomy and patients with FAP or CD, a total of 130 patients
were included in the study: 46 (35%) patients underwent DS-IPAA
and were allocated to group 1; 84 (65%) patients underwent SS-
IPAA, 43 (33%) with a Ta-IPAA approach and 41 (32%) with a
TTSS-IPAA approach and were allocated to group 2.

Demographic data and baseline characteristics of the patients
are reported in Table I.

Patients showed a comparable BMI. Medically refractory UC was
the main indication in both the study groups (67% and 77%). Cancer
and dysplasia were diagnosed in 34 patients, 15 (32%) in the DS-
IPAA group and 19 (23%) in the SS-IPAA group.

The entire study population was followed for 29 (15-57)
months. The median follow-up for group 1 was 71 (18-83) months,
and for group 2, 25 (15-39) months (P < .0001) (for DS-IPAA 71
[18e83], for Ta-IPAA 37 [27e49], and for TTSS-IPAA 15 [12e23]
months; P < .0001).
Operative data, median (IQR), n (%)

Group 1 (DS) Group 2 (SS) P value

Characteristics
No. of patients 46 84
Staged procedure .34
2-stage 19 (41%) 27 (32%)
3-stage 27 (59%) 57 (68%)

Operative time, min 298 (259-363) 284 (230-347) .17
Surgical approach .07
Laparoscopic 40 (87%) 81 (96%)
Open 6 (13%) 3 (4%)

Conversion to laparotomy* 2 (5%) 3 (4%) 1.00
Mesorectal dissection .25
Close rectal 20 (43%) 27 (32%)
TME 26 (57%) 57 (68%)

Rectal cuff length, cm 2.20 ± 0.53 1.98 ± 0.21 .01
Operative data

Table II summarizes the operative data. The percentages of
staged procedures (2- and 3-stage restorative proctocolectomy),
the operative time, and the rate of minimally invasive surgeries
were similar. Close rectal dissection and TME were applied equally
among the study groups (43% and 57% in group 1 and 32% and 68%
in group 2, respectively). In the DS technique, 1 or a maximum of 2
fires of linear stapler were used, except for the open approach
where a TA stapler (one fire) was applied. Group 2 patients had a
significantly shorter cuff than group 1 (1.98 ± 0.21 vs 2.20 ± 0.53;
P ¼ .01).
Dichotomous and categorical variables are analyzed using a Pearson’s c statistic;
continuous variables are analyzed using a 2-sided Student’s t test or Mann-
Whitney U test and 1-way analysis of variance with Tukey’s correction or
Kruskal-Wallis analysis of variance test.
TME, total mesorectal excision.

* Percentage calculated on the number of laparoscopic procedures.
Postoperative outcomes

The duration of hospital stay was significantly shorter in
group 2 compared with group 1 (6 [5e7] vs 7 [6e8]; P ¼ .02). The
rate of 30- and 90-day complications, including anastomotic
leaks and reoperations was comparable (19% and 4% for group 1
and 12% and 7% for group 2, respectively; Table III). Within 90
days from surgery, 7 (5%) anastomotic leaks were reported, 3
occurring in the DS-IPAA group (3/46, 6%), 4 in the SS-IPAA group
(4/84, 5%; P ¼ .69).
Functional outcomes

Functional data were retrieved from the Pouch Functional Score
questionnaires collected 6 months after stoma closure. Six patients
were excluded from the analysis: 2 patients died before stoma



Table III
Early postoperative outcomes, median (IQR), % (n)

Group 1 Group 2 P value

Outcomes
No. of patients 46 84
Duration of hospital stay, d 7 (6e8) 6 (5e7) .02
30-d complications 9 (19%) 10 (12%) .30
ClavieneDindo I 1 (2%) 3 (3%)
ClavieneDindo II 5 (11%) 5 (6%)
ClavieneDindo IIIa 3 (6%) 1 (1%)
ClavieneDindo IIIb - 1 (1%)

90-d complications 2 (4%) 6 (7%) .71
ClavieneDindo I - 1 (1%)
ClavieneDindo II - 3 (3%)
ClavieneDindo IIIa 1 (2%) -
ClavieneDindo IIIb 1 (2%) 2 (2%)

Anastomotic leak 3 (6%) 4 (5%) .69
Reintervention 1 (2%) 3 (3%) 1.00
Readmission 2 (4%) 4 (5%) 1.00

Dichotomous and categorical variables are analyzed using a Pearson’s c2

statistic; continuous variables are analyzed using a 2-sided t-test or Mann-
Whitney U test and 1-way analysis of variance with Tukey’s correction or
Kruskal-Wallis analysis of variance test.
IQR, interquartile range.

Table IV
Stoma closure and functional parameters, median (IQR), n (%)

Group 1 (DS) Group 2 (SS) P value

Outcomes
No. of patients 42 82
Time to stoma closure, mo 4 (3e7) 5 (3e8) .32
Overall follow-up, mo 71 (18e83) 25 (15e39) < .0001
Pouch defunction 2 (4%) 2 (2%) .60
Pouchitis 13 (31%) 25 (30%) 1.00
Functional outcomes*

No. of evacuations per day 6 (5e8) 7 (6e9) .02
Urgency 12 (30%) 6 (8%) .002
Antidiarrheal medications 18 (45%) 14 (17%) .002
Minor incontinence 9 (22%) 8 (10%) .09
Major incontinence - 2 (2%) .55

Dichotomous and categorical variables are analyzed using a Pearson’s c2 statistic;
continuous variables are analyzed using a Mann-Whitney U test and Kruskal-
Wallis test.
IQR, interquartile range.

* Calculation performed on patients with a functional pouch: group 1 ¼ 40;
group 2 ¼ 80; double-stapling ileal pouch-anal anastomosis ¼ 40; transanal
transection and subsequent rectal dissection from ileal pouch-anal
anastomosis ¼ 42; transection and single-stapled anastomosis ileal pouch-anal
anastomosis ¼ 38.
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reversal due to cancer progression (1 in group 1 and 1 in group 2),
and 4 patients (3 in group 1 and 1 in group 2) decided not to close
the ileostomy for a personal decision, in the absence of any
contraindication to stoma closure. Four pouch failures due to
refractory pouchitis were recorded, 2 in group 1 and 2 in group 2.
A significantly higher rate of urgency (30% vs 8%; P ¼ .002)
with higher consumption of constipating medication (45% vs
17%; P ¼ .002) was registered for group 1 compared with group 2
patients. The rate of patients reporting minor or major inconti-
nence was comparable in the study groups (22% and 0% in group
1 and 10% and 2% in group 2, respectively; P ¼ .09 and P ¼ .59;
Table IV).
Discussion

Our results show that SS-IPAA is associated with a significantly
shorter rectal cuff and a lower urgency rate than DS while allowing
comparable short-term outcomes.

We found a lower urgency rate when SS was adopted
compared with DS. Peculiar aspects of transanal techniques might
explain this result. As already hypothesized for stapled hemor-
rhoidectomy, cross-stapling of the lower rectum (especially in the
case of multiple firings and oblique stapling) may increase the
chances of incorporating parts of the proprioceptive nerves of the
pelvic floor, potentially resulting in increased urgency.24 More-
over, the double-stapled approach may lead to an uneven rectal
transection (with different heights on transection sides and
different lengths from the dentate line), and the use of circular
stapling may produce a 3-dimensional distorted anastomosis
conformation as a result of the cross-stapling. Conversely,
transanal approaches allow the precise access and decision of the
rectal cuff length, decreasing the risk of the long cuff and cuffitis,13

which might explain the lower urgency rate reported in our study
and less antidiarrheal drug consumption. We are aware of con-
cerns over the potential anal stretching with a transanal approach.
However, we did not find a difference in terms of continence in
our study

After excluding the nondiverted patients, we found a
comparable leak rate in the study groups, probably due to the
limited sample size and the overall low rate of anastomotic
leaks, which might have prevented a conclusive comparison
analysis.
Study limitations

Some important limitations in our study need to be acknowl-
edged. The inclusion window of the study spans about 10 years
when an enhanced postoperative protocol has been implemented,
and surgical expertise has been consolidated. Additionally,
although DS-IPAA (historical cohort) was performed mostly in the
early period of the study, SS-IPAA techniques have been mostly
applied in the past years since their introduction. The time-
stratification of surgical approaches likely justifies the significant
reduction in duration of stay and duration of surgery and the
increased rate of laparoscopic and single-port adoption. Similarly,
the shorter follow-up of patients with an SS-IPAA should be
considered when interpreting long-term function and pouch fail-
ure rates and may prevent a firm conclusion on long-term results.
On the other hand, the high rate of stoma closure (�90%) confirms
the safety of the SS-IPAA.

In conclusion, our study shows that the adoption of transanal
transection and single-stapling techniques reduces the length of
the rectal cuff in pouch surgery compared with the double-stapling
approach and may represent one of the factors accounting for the
reduced rate of urgency observed. In our opinion, these results
warrant a prospective multicentric trial to scrutinize and, eventu-
ally, confirm these benefits on a larger scale.
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