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Abstract
Introduction: Laparoscopic surgery (LAP) is now recognized
as the standard procedure for colorectal surgery. However,
the standard surgery for ulcerative colitis (UC) is total
proctocolectomy with ileal pouch anal anastomosis (IPAA),
which may be an overly complex procedure to complete
laparoscopically. We conducted this systematic review and
meta-analysis to evaluate the efficacy as well as the ad-
vantages and disadvantages of LAP-IPAA in patients with UC
stratified by the outcome of interest.Method:We performed
a systematic literature review by searching the PubMed/
MEDLINE, the Cochrane Library, and the Japan Centra Reuvo
Medicina databases from inception until January 2023.
Meta-analyses were performed for surgical outcomes, in-
cluding morbidity and surgical course, to evaluate the ef-
ficacy of LAP-IPAA. Results: A total of 707 participants, in-
cluding 341 LAP and 366 open surgery (OPEN) patients in 9
observational studies and one randomized controlled study,

were included. From the results of the meta-analyses, the
odds ratio (OR) of total complications in LAP was 1.12 (95%
CI: 0.58–2.17, p = 0.74). The OR of mortality for LAP was 0.38
(95% CI: 0.08–1.92, p = 0.24). Although the duration of
surgery was extended in LAP (mean difference (MD)
118.74 min (95% CI: 91.67–145.81), p < 0.01) and hospital
stay were not shortened, the duration until oral intake after
surgery was shortened in LAP (MD −2.10 days (95% CI:
−3.52–0.68), p = 0.004). Conclusions: During IPAA for UC, a
similar morbidity rate was seen for LAP and OPEN. Although
LAP necessitates extended surgery, there may be certain
advantages to this procedure, including easy visibility during
the surgical procedure or a shortened time to oral intake
after surgery. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Currently, laparoscopic surgery (LAP) is the standard
procedure for colorectal disease, just as it is for multi-
organ surgery. A meta-analysis for studies reported be-
tween 2007 and 2015 concluded that LAP can result in
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smaller incisions, a shorter length of hospital stay (LOS),
and less morbidity without worsening oncological out-
comes for colorectal cancer [1]. Recently, it was reported
that LAP is also useful for inflammatory bowel disease,
including ulcerative colitis (UC) and Crohn’s disease [2,
3]. However, although the standard procedure for UC has
been restorative proctocolectomy (RP) with ileal pouch
anal anastomosis (IPAA) since 1978 [4], LAP-IPAA has
had negative impacts because of the difficulty and
complexity of the surgical procedure [5–7]. However,
surgical devices have been recently developed which may
make LAP-IPAA easier. Therefore, we conducted this
systematic review and meta-analysis to evaluate the ef-
ficacy as well as the advantages and disadvantages of LAP
in patients with UC stratified by the outcome of interest.

Materials and Methods

Literature Search Strategy
We performed a comprehensive search in the PubMed/

MEDLINE, the Cochrane Library, and the Japan Centra Reuvo
Medicina (Ichushi Web, Japanese search engine) databases on
January 3, 2023. The following free text words and medical subject
headings were used for the search: “ulcerative colitis” and “lap-
aroscopic surgery” {(“colitis, ulcerative” [MeSH Terms] OR
(“colitis” [All Fields] AND “ulcerative” [All Fields]) OR “ulcerative
colitis” [All Fields] OR (“ulcerative” [All Fields] AND “colitis” [All
Fields])} AND (“laparoscopy” [MeSH Terms] OR “laparoscopy”
[All Fields] OR (“laparoscopic” [All Fields] AND “surgery” [All
Fields]) OR “laparoscopic surgery” [All Fields]). The publication
period was not limited in the search. Cross-references and related
articles were also reviewed. The studies were evaluated, and other
hand-selected papers were added manually.

Study Eligibility
Studies meeting the following criteria were included in the

meta-analysis. (1) Participants: patients who were treated with
laparoscopic or open restorative proctocolectomy. Patients with
UC were primarily selected; however, those with indeterminate
colitis (IC), familial adenomatous polyposis (FAP), and other
diseases such as Crohn’s disease, adenoma, or adenocarcinoma
were also included because some studies included these diseases
but did not evaluate them independently. (2) Intervention: patients
who were treated with LAP-IPAA. (3) Comparison: patients who
were treated with open surgery (OPEN). (4) Outcomes: mortality,
morbidity, amount of intraoperative bleeding, surgical time, LOS,
or duration until oral intake days after surgery. (5) Study design:
prospective studies with or without randomization and observa-
tional comparative studies.

The language of publication was restricted to English. Articles
with in vitro studies or animal studies and those without a proper
number of events were not included. Studies with participants
exhibiting a disease other than UC were included; however, studies
in which UC patients comprised less than 50% of the overall
participants were excluded. The minimal number of participants
was not limited. Studies involving hand-assisted LAP were not

included. Subtotal colectomy (STC) or total proctocolectomy
(TPC) without pouch reconstruction was not included. The article
selection was independently performed and confirmed by the
coauthors.

Data Extraction and Quality Assessment
We followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines. A standard
data entry form was designed for data extraction. Three re-
viewers who are experts in the medical or surgical treatment
of inflammatory bowel disease independently extracted the
available data from the studies. The extracted data included
the author’s name, publication year, study design, patient
characteristics, and types of outcomes, namely, mortality and
morbidity. Any disagreement among these three authors was
resolved by discussion with all authors at a consensus
meeting.

Endpoint
The primary endpoint of this systematic review and meta-

analysis was surgical mortality and morbidity after RP (total
proctocolectomy with IPAA). Morbidity included total compli-
cations, wound infection (incisional surgical site infection (SSI),
anastomotic leakage/abdomino/pelvic abscess (organ/space SSI),
or postoperative ileus/bowel obstruction. The secondary endpoints
were the duration of surgery (minutes), amount of blood loss (mL),
LOS (days), or duration until oral intake days after surgery (days).
Oral intake included either liquid or diet.

Assessment of Risk of Bias and Certainty of Evidence
The risk of bias in non-randomized studies of interventions

(ROBINS-I) tool was used for the assessment of observational
studies [8]. The Grading of Recommendations, Assessment, De-
velopment and Evaluations (GRADE) approach [9] was used to
grade the certainty of evidence of the outcomes.

Statistical Analysis
We performed a random-effects meta-analysis for the out-

comes of interest. Outcomes were calculated using Windows
Review Manager Software 5.3 (The Nordic Cochrane Center, The
Collaboration, 2014, Copenhagen, Denmark) to obtain the odds
ratios (ORs) or the mean difference (MD) with the 95% confidence
intervals (CIs). The other statistical analyses were performed using
SPSS ver. 19.0. Categorical variables were compared between the 2
groups using the Pearson χ2 test. A p value of <0.05 was considered
statistically significant. Heterogeneity was measured using
I-squared and tau-squared indexes, testing the null hypothesis that
all studies shared a common effect size.

Results

Study Selection
A total of 645 records were identified through da-

tabase searches. After the removal of duplicates and
screening of the titles and abstracts, the full texts of 44
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studies were assessed for eligibility. Ultimately, 10
studies [7, 10–18] met the inclusion criteria (Fig. 1;
Table 1).

Characteristics of the Included Studies
The characteristics of the included studies are shown in

Table 1. One of 10 studies was a randomized controlled
trial (RCT) [16]. The remaining 9 studies were obser-
vational studies (OBSs).

Quality of the OBSs and Certainty of Evidence
Using the GRADE approach, all outcomes had a low-

to-moderate grade for the certainty of evidence (online
suppl. Table; for all online suppl. material, see https://doi.
org/10.1159/000535832).

Outcomes of the Included Studies
A total of 707 participants, including 341 patients in the

LAP group and 366 patients in the OPEN group in 9 OBSs,
were included for analyses. All patients were subjected to
total proctocolectomy with ileal pouch anal anastomosis
(IPAA) as an initial surgery for restorative proctocolectomy.

Some studies included patients with FAP, IC, or other
diseases (Table 1). There was no information on disease
severity, nutritional/immunological status, degree of ane-
mia, or use of immunosuppressive agents before surgery.

Meta-Analysis of Total Complications and Mortality
in IPAA
A forest plot with a random-effects model for total

complications is shown in Figure 2. The OR of total
complications in the LAP group was 1.12 (95% CI:
0.58–2.17, p = 0.74), with a moderate risk of heterogeneity
(I2 = 60%).

A forest plot with a random-effects model for mortality
is shown in Figure 3. The OR of mortality in the LAP
group was 0.38 (95% CI: 0.08–1.92, p = 0.24), with a low
risk of heterogeneity (I2 = 0%).

Meta-Analysis for Each Complication in IPAA

Incisional SSI
A forest plot with a random-effects model for in-

cisional SSI is shown in Figure 4. The OR of incisional
SSI in the LAP group was 1.21 (95% CI: 0.60–2.45,
p = 0.59).

Organ/Space SSI
A forest plot with a random-effects model for organ/

space SSI is shown in Figure 5. The OR of organ/space
SSI in the LAP group was 0.66 (95% CI: 0.32–1.38,
p = 0.27).

Fig. 1. Flowchart of the literature search according to Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA).
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Bowel Obstruction/Ileus
A forest plot with a random-effects model for bowel

obstruction/ileus is shown in Figure 6. The OR of bowel
obstruction/ileus in the LAP group was 1.02 (95% CI:
0.55–1.89, p = 0.95).

Meta-Analysis for Intraoperative Outcomes in IPAA

Duration of Surgery
The duration of surgery in the LAP group was sig-

nificantly extended, and the MDwas 118.74 min (95% CI:
91.67–145.81 min, p < 0.01).

Duration until Oral Intake after Surgery
A forest plot with a random-effects model for du-

ration until oral intake is shown in Figure 7a. The
duration until oral intake in the LAP group was
shortened, and the MD was −2.10 days (95% CI: −3.52
to 0.68 days, p = 0.004).

Length of Hospital Stay
A forest plot with a random-effects model for LOS is

shown in Figure 7b. The LOS was similar, and the MD of
LOS was −2.01 days (95%CI: −4.93 to 0.90 days, p = 0.18).

Outcomes in 1 RCT
One RCT compared 21 LAP cases and 20 OPEN cases

among patients with UC and FAP; however, the RCT was
stopped prematurely due to insufficient patient recruit-
ment. The study included 17 patients with FAP and 24
with UC. The amount of intraoperative bleeding, which
was set as the primary outcome, was similar between LAP
and OPEN (261.5 ± 195.4 mL and 228.1 ± 119.5 mL,
respectively). The duration of surgery was longer in LAP
(313.9 ± 52 min) than in OPEN (200.2 ± 53.8 min). The
incidences of organ/space SSI were similar between LAP
and OPEN (4/21 [19%] and 4/20 [20%], respectively).
Only LOS was compared to each disease independently.
The LOS for LAP was shorter than that for OPEN
(11.22 ± 4.8 days and 26.4 ± 4.3 days, respectively).

Table 1. The characteristics of the included studies

Author Study
design

Total
participants

LAP OPEN Male Age BMI, kg/m2 Disease

LAP OPEN LAP OPEN LAP OPEN UC FAP others

Schmitt [7]
(1994)

OBS 42 22 20 11 11 31
(12–59)

34
(17–64)

NA NA 31 10 1

Marcello [10]
(2000)

OBS 40 20 20 15 15 25
(12–61)

26
(9–61)

24
(18–32)

24
(18–30)

26 14 0

Hashimoto
[11] (2001)

OBS 24 11 13 4 7 30
(19–47)

30
(18–49)

NA NA 12 12 0

Araki [12]
(2001)

OBS 32 21 11 8 2 27.2±8.1 31.1±11.2 31.2±4.5 33.1±4.8 32 0 0

Dunker [13]
(2001)

OBS 32 15 17 4 9 NA NA 23.6±4.6 24.5±3.2 28 4 0

Larson [14]
(2006)

OBS 300 100 200 40 80 32
(17–34)

32
(17–64)

22.4
(17–34)

23
(16–32)

289 11 0

Flores [15]
(2010)

OBS 7 3 4 NA NA NA NA NA NA 7 0 0

Schiessling
[16] (2013)

RCT 41 21 20 18 8 36.9±17.0 39.2±14.3 25.2±4.4 24.7±4.4 24 17 0

Mineccia [17]
(2018)

OBS 78 30 48 NA NA NA NA NA NA 78 0 0

Duraes [18]
(2018)

OBS 152 119 33 66 1 37.0±15.0 29.3±10.8 24.7±5.0 20.3±3.0 108 26 18

LAP, laparoscopic surgery; OPEN, open surgery; BMI, body mass index; UC, ulcerative colitis; FAP, familial adenomatous
polyposis; OBS, observational study; RCT, randomized controlled trial; NA, not available. Continuous variables are indicated as
median with range in paresis or mean ± standard deviation.
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Discussion

This meta-analysis was performed to evaluate the
efficacy and safety of laparoscopic proctocolectomy with
ileal pouch reconstruction in patients with UC. Although
the duration of surgery was significantly longer in LAP
than in OPEN, total number of complications was
similar. Alternatively, LAP may have better postoperative
recovery. These findings were similar to those of a pre-
vious meta-analysis and review [2, 19].

In a previous Cochrane analysis [20], the outcomes of
body image and cosmetic appearance were evaluated, but
this outcome was not included in this review because
most of the included studies did not mention it. However,
this outcome should be evaluated further.

Regarding the comparison between OPEN and LAP,
OPEN might be performed in patients with poorer
conditions, including high disease severity, malnutri-
tional, or anemic status. We need to evaluate both
procedures against the same background. On the other
hand, LAP, which provides an easy and extended view,
may avoid injury to the nerves involved in sexual function
and urination, which can lead to fertility or sexual dis-
function during manipulation of the lower rectum. This
effect should also be evaluated in further studies.

In view of fertility, sexual or urinary disfunction, or
failure of the IPAA procedure in terms of surgical ma-
nipulation, robotic surgery may have some advantages over
LAP. A recent meta-analysis reported that robotic surgery is
safe for IPAA in cases of UC and FAP, although the surgical
time is extended [21]. However, there are still few studies
about robotic surgery for IPAA; robotic surgery is not a

universal procedure for IPAA in patients with UC, and
there were some differences between robotic surgery and
LAP, including the complexity of the procedure and the
medical cost. Therefore, we did not include the studies of
robotic surgery in this review; however, such surgerymay be
useful even for IPAA, as mentioned above. We need to
evaluate robotic surgery in the future.

In this series, most of the included studies included
elective surgery, although there were few descriptions of
disease severity. We could not analyze results restricted to
each level of severity; however, outcomes may obviously
be affected by disease severity. Notably, the results of
these studies were evaluated for mild or moderate disease,
which are indications for elective proctocolectomy with
pouch reconstruction. LAP is not always recommended
for severe UC, which involves toxic megacolon, perfo-
ration, and massive bleeding and is an indication for
emergent surgery. Candidacy for LAP should be deter-
mined according to the patient’s condition not only in an
emergent setting but also even under urgent surgery.

Regarding the IPAA procedure and adhesion, LAP
may lead to a long cuff during the IPAA procedure
because manipulations for a short cuff might be dif-
ficult in LAP. Therefore, several concerns including
increased risk of complications related to a long cuff
may arise as long-term problems after surgery. The
LAP-IPAA procedure may have a benefit of a reduced
risk of adhesion-related complications. However, a lack
of adhesions may cause the development of pouch
volvulus, although the occurrence of this complication
is unusual [22]. Therefore, we should evaluate long-
term surgical complications.

Fig. 2. Forest plot for total complications. The OR in LAP was 1.12 (95% CI: 0.58–2.17), with an I2 of 60%
according to the random-effects model.
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Fig. 3. Forest plot for mortality. The OR in LAP was 0.38 (95% CI: 0.08–1.92), with an I2 of 0% according to the random-effects model.

Fig. 4. Forest plot for incisional surgical site infection. The OR in LAP was 1.21 (95% CI: 0.60–2.45), with an I2 of
0% according to the random-effects model.

Fig. 5. Forest plot for organ/space surgical site infection. The OR in LAP was 0.66 (95% CI: 0.32–1.38), with an I2

of 1% according to the random-effects model.
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This study had some limitations. First, this meta-analysis
included only 9 OBSs with low-to-moderate evidence levels.
Therefore, the evidence level of this meta-analysis is not
high. Second, the definitions of complications, including
infectious complications, bowel obstruction, dehydration,
venous thrombosis, hernia, etc., were slightly different
among the studies. We should perform an analysis that is

distinct from the extracted, representative complications.
Moreover, the selected studies were reported approximately
between 1994 and 2018. Therefore, the heterogeneity might
be high in the analysis for total complications. Third, the
definitions of the starting day of oral intake were slightly
different among studies. Fourth, some studies included
patients with FAP, IC, or other disease who underwent the

Fig. 6. Forest plot for bowel obstruction/ileus. The OR in LAP was 1.02 (95% CI: 0.55–1.89), with an I2 of 13%
according to the random-effects model.

a

b

Fig. 7. Forest plot for postoperative recovery. The mean differences in (a) duration until oral intake after surgery
and (b) length of hospital stay in LAPwere −2.10 days (95% CI: −3.52 to 0.68 days) and −2.01 days (95%CI: −4.93
to 0.90 days), respectively.
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same restorative proctocolectomy. The differentiation of
disease might influence surgical outcomes. Fifth, we did not
analyze medical costs and cosmetic aspects in this series.
These outcomes are also important and should be evaluated
for LAP. Sixth, as mentioned above, LAP-IPAA and IPAA,
even with the OPEN procedure, are not always suitable for
cases with severe or fulminant disease activity. This analysis
did not include subtotal colectomy, which is frequently
performed in severe conditions such as peritonitis with
perforation, toxic megacolon, or severe/fulminant disease
activity. Notably,most participants in this analysismay have
had mild-to-moderate disease severity. The efficacy and
safety for severe UC should be evaluated in further studies
as well as whether LAP is suitable for emergent situations.

In conclusion, the duration of surgery was extended in
LAP for UC; however, the mortality and morbidity were
similar between LAP andOPEN in patients who underwent
IPAA. Moreover, although the LOS was similar, the du-
ration until oral intake in the LAP group was shortened.
Alternatively, the visibility of LAP may facilitate surgical
procedures. We provide evidence for the efficacy and safety
of LAP-IPAA that should be confirmed in further na-
tionwide observational or prospective studies in the future.
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