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Abstract

Aim The benefits of a laparoscopic approach to restor-

ative proctocolectomy (RPC) are controversial. The aim

of this meta-analysis was to compare the outcome fol-

lowing laparoscopic and open RPC, with particular

attention to adverse events and long-term function.

Method A systematic search of the MEDLINE,

EMBASE and Ovid databases was performed for studies

published until March 2012. The primary end-point

was long-term function. Secondary end-points were

intra-operative details, short-term postoperative out-

come and postoperative adverse events. Weighted mean

difference (WMD) and odds ratio (OR) were calculated

using fixed/random effect meta-analytic techniques.

Results The final analysis included 27 comparative

studies of 2428 patients, of whom 1097 (45.1%) under-

went laparoscopic surgery. A laparoscopic approach was

associated with a significantly longer operation time

(WMD 70.1 min, P < 0.001), shorter length of hospi-

tal stay (WMD �1.00 day, P < 0.001), reduced intra-

operative blood loss (WMD �89.10 ml, P < 0.001)

and a lower incidence of wound infection (OR 0.60,

P < 0.005). No significant differences were observed in

the rate of pouch failure. Although there was no signifi-

cant difference in the number of daily bowel move-

ments (OR 0.04, P = 0.950), laparoscopic surgery led

to fewer nocturnal bowel movements (WMD �1.14,

P < 0.001) and reduced pad usage during the day (OR

0.22, P < 0.001) and night (OR 0.33, P < 0.001). The

post hoc power to detect differences in adverse event

rates ranged from 5% to 42%.

Conclusion Laparoscopic and open approaches to RPC

produced equivalent adverse event rates and long-term

functional results. However, the present evidence is

underpowered to detect true differences in adverse

event rates.

Keywords Ileal pouch anal anastomosis, ileal pouch,

restorative proctocolectomy, meta-analysis

Introduction

Restorative proctocolectomy (RPC) was described in

1978 using the distal section of the ileum to form an S-

shaped ileal reservoir which was then anastomosed to

the upper anal canal [1]. The J- and W-reservoirs were

subsequently developed to facilitate spontaneous evacu-

ation [2–4]. It is now the procedure of choice when

surgery is indicated for ulcerative colitis and in most

adult patients with familial adenomatous polyposis

[5,6].

Two previous meta-analyses have demonstrated that

laparoscopic RPC is associated with intra-operative and

early postoperative advantage compared with an open

approach [7,8]. Although feasible, laparoscopic RPC is

a complex procedure [9]. Potential advantages include a

reduced length of hospital stay, reduced blood loss,

reduced postoperative pain and improved cosmetic

appearance [10,11]. However, whether laparoscopic

RPC confers a benefit in terms of long-term function

and any differences in adverse events, including retained

rectal cuff or ileal pouch failure, are unknown.

The aim of the present meta-analysis was to review

the literature comparing function, intra-operative out-

come, postoperative parameters and adverse events in

patients undergoing laparoscopic or open RPC.
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Method

Study selection

A systematic review of all published literature was

undertaken using the Medical Literature Analysis and

Retrieval System Online (MEDLINE via PubMed),

Excerpta Medica (EMBASE) and Ovid databases. The

following terms were used for the search: ‘laparoscopic’,

‘IPAA’, ‘ileal pouch’, ‘J-pouch’, ‘ileal pouch anal anas-

tomosis’, ‘laparoscopic vs open’, ‘restorative proctoco-

lectomy’, ‘hand-assisted’, ‘laparoscopic-assisted’ and

‘totally laparoscopic’. These terms were searched for

both alone and in various combinations, and the

‘related articles’ function in PubMed was used to widen

the search. All titles, abstracts, studies and citations

were scanned and assessed for inclusion. A manual

search of all references also took place. Date limits were

set between January 1990 and March 2012, with no

language limits. The search was performed on 22 April

2012.

Inclusion and exclusion criteria

To be included in the meta-analysis, the study must

have (1) compared laparoscopic and open approaches to

RPC or a ‘hand-assisted’ laparoscopic approach with a

‘laparoscopic-assisted’ approach; (2) been a randomized

controlled trial, prospective observational or retrospec-

tive study; (3) reported data on at least intra-operative

details, postoperative outcome, postoperative adverse

events or long-term function; (4) reported the indica-

tion for RPC in patients included the study; and (5)

had a minimum sample size of 10 patients in each inter-

vention group. For studies which had been completed

at the same centre or by the same author, the highest

quality study or the study with the greatest sample size

was chosen to eliminate duplication. Studies were

excluded from the analysis if (1) extractable data on the

outcome of laparoscopic and open RPC were not made

available separately in the study and (2) the paper was a

case report, review or letter. In cases of overlap or

duplication, the highest quality study was included.

Data extraction

Two authors independently identified studies for

inclusion and extracted data for the end-points. Dis-

crepancies in outcome extraction were resolved by

re-examination of the relevant study until consensus was

achieved. The primary end-point was long-term function

(more than 1 year after surgery). Aspects of function

included frequency of defaecation (the mean number of

bowel movements over a 24-h period), nocturnal fre-

quency of defaecation, continence and pad usage. Other

end-points included failure and quality of life. Failure

was indicated by the absence of anal function through

removal of the pouch with a permanent ileostomy or

indefinite defunctioning.

The secondary end-points analysed were (1) intra-

operative details including length of operation and esti-

mated operative blood loss; (2) postoperative parameters

including time to first bowel movement, time to resump-

tion of liquid diet, time to resumption of regular solid

diet and length of hospital stay following surgery (all

expressed as the postoperative day on which the event

occurred); (3) postoperative adverse events including

rate of wound infection, pelvic sepsis, anastomotic leak-

age, ileus, small bowel obstruction, re-operation, abscess

formation and urinary tract infection.

The following definitions for laparoscopic surgery

were used.

1 Hand-assisted laparoscopic surgery (HALS): A hand-

assist device allowing a hand to be introduced into

the peritoneal cavity to aid the procedure.

2 Laparoscopic-assisted surgery (LAS): The use of

laparoscopic dissection with extra-corporeal pouch

formation through a lengthened incision.

3 Totally laparoscopic surgery (TLS): A fully laparo-

scopic approach to RPC with no lengthened or

additional skin incisions.

Comparison of the primary and secondary end-points

was carried out in three separate analyses including (i)

any laparoscopic approach to RPC vs open RPC, (ii)

totally laparoscopic RPC vs open RPC and (iii) HALS

vs LAS.

Statistical analysis

The meta-analysis was conducted in accordance with

guidelines from the Preferred Reporting Items for

Systematic Reviews and Meta-analysis group (PRISMA)

[12]. Dichotomous variables were compared using odds

ratio (OR) with 95% confidence intervals via the Mantel-

Haenszel method. The OR was defined as the probability

of an event occurring in the laparoscopic compared with

the open group. Continuous variables were compared

using the weighted mean difference (WMD) method

with 95% confidence intervals, where weights represented

the quantity of available data from each study.

Heterogeneity was judged using the chi-squard test,

with P < 0.050 being regarded as significant. The

I 2 method was used to quantify heterogeneity, with a

low degree of heterogeneity being regarded as < 50%. In

these cases, a fixed effects model was used to compare

the outcome for both continuous and dichotomous
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data. Where significant heterogeneity existed

(I 2 ≥ 50%), a random effects analysis was applied [13].

The random effects model was regarded as superior for

this purpose as it assumes that variation in effect size

between studies exists, and accounts for differences in

study population, comorbidity and surgical protocol

which would otherwise lead to bias. It is also preferable

when meta-analysing data from retrospective, non-ran-

domized studies. Funnel plots were also used to assess

for publication bias [14].

For studies which did not present the standard devia-

tion of the mean values for continuous data, this was

calculated according to statistical algorithms, in accor-

dance with Cochrane Collaboration guidelines [15].

For adverse events, a post hoc power analysis was per-

formed to identify the power when patients and results

are pooled from the relevant studies. Statistical analysis

was performed using Review Manager 5.1 (The Nordic

Cochrane Centre, The Cochrane Collaboration, Copen-

hagen, 2011).

Quality assessment and sensitivity analysis
The quality of studies was assessed using the Newcastle–

Ottawa scale (NOS), with high quality studies being

defined as those which scored 7 or more stars out of a

possible 9 [16]. Studies were assessed for method of

patient selection, comparability of the two intervention

groups and methods of measuring end-points. A pre-

planned sensitivity analysis was carried out for the

subgroups high quality studies (NOS score > 7), studies

published during or after the year 2005 and studies with

a minimum number of 30 patients in each intervention

group.

Results

Eligible studies

After exclusions, 27 studies were included in the final

meta-analysis incorporating data on 2428 unique

patients between the years 1991 and 2012 (Table 1).

Table 1 Study characteristics.

Study Location Design L (n) O (n) Men (n) (%) Comparison NOS stars

Araki et al. [33] Kurume, Japan R 21 11 10 (31.3) LAS v O 5

Bartels et al. [24] Amsterdam, The Netherlands R 27 23 0 TLS, HALS v O 7

Berdah et al. [34] Marseille, France RM 12 12 12 (50.0) LAS v O 6

Brown et al. [21] Singapore, Singapore R 12 13 9 (36.0) LAS v O 6

Dolejs et al. [35] Madison, Wisconsin, USA R 100 290 217 (55.6) LAS v O 7

Dunker et al. [23] Amsterdam, The Netherlands RM 15 17 13 (41.6) LAS v O 7

El-Gazzaz et al. [36] Cleveland, Ohio, USA RM 119 238 179 (50.1) LAS v O 8

Fajardo et al. [37] Missouri and Indianapolis, USA R 69 55 61 (49.1) LAS v O 6

Fichera et al. [38] Chicago, Illinois, USA R 73 106 98 (54.7) LAS v O 7

Fleming et al. [39] Rochester, New York, USA R 339 337 676 (58.1) LAS v O 7

Gu et al. [19] Cleveland, Ohio, USA RM 47 96 72 (50.3) LAS v O 7

Hashimoto et al. [40] Miyagi, Japan R 11 13 11 (45.8) LAS v O 3

Kelly et al. [26] Cork, Ireland RM 10 10 10 (50.0) SLS v O 8

Larson et al. [17] Rochester, Minnesota, USA RM 100 200 180 (60.0) LAS v O 8

Larson et al. [18] Rochester, Minnesota, USA PM 33 33 12 (18.1) HALS, LAS v O 8

Maartense et al. [20] Amsterdam, The Netherlands RCT 30 30 24 (40.0) HALS v O 7

Otani et al. [41] Tokyo, Japan R 10 18 10 (35.7) LAS v O 6

Ouaissi et al. [42] Paris, France RM 23 22 26 (62.0) LAS v O 8

Ozawa et al. [25] Kanagawa, Japan RM 20 20 24 (60.0) TLS v O 7

Polle et al. [30] Amsterdam, The Netherlands RM 35 30 35 (36.8) LAS v HALS 8

Rivadeneira et al. [43] Burlington, Vermont, USA RM 13 10 16 (70.0) LAS v HALS 7

Schmitt et al. [44] Lauderdale, Florida, USA PM 22 20 22 (52.4) LAS v O 6

Polle et al. [22] Amsterdam, The Netherlands R 26 27 14 (25.8) LAS v O 7

Sylla et al. [45] New York, New York, USA R 50 155 110 (53.7) LAS v O 5

Tan and Jaffray [46] Newcastle, UK PM 11 11 12 (54.5) LAS v O 8

Tsurata et al. [47] Tokyo, Japan RM 40 30 41 (58.6) LAS v HALS 7

Zhang et al. [48] Texas, USA, and Jinan, China RM 21 25 20 (43.5) TLS v O 7

R, retrospective; RM, retrospective case-matched; PM, prospective case-matched; RCT, randomized controlled trial; HALS, hand-

assisted laparoscopic surgery; TLS, totally laparoscopic surgery; LAS, laparoscopic-assisted surgery; L, laparosopic surgery; O, open

surgery; n, number of patients; NOS, Newcastle–Ottawa scale.
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Details of the search results are shown in the

PRISMA diagram (Fig. 1). Of these, 1097 (45.1%)

underwent RPC by a laparoscopic approach. Most

studies were from centres in the USA (38.5%, 10/26)

and Europe (30.8%, 8/26) followed by Japan

(19.2%, 5/26) and South East Asia (7.8%, 2/26).

There were 1807 (75.9%) men in the analysis. The

most common indication for surgery was ulcerative

colitis (85.4% and 85.6%, laparoscopic and open

groups), followed by dysplasia (12.9% and 10.7%).

Other indications included 24 patients with Crohn’s

disease (2.0% of total) and nine (< 1%) with colorectal

malignancy.

Twenty-four studies compared the outcome follow-

ing open and all types of laparoscopic surgery, while the

remaining three compared HALS with LAS. Three

studies from the same centre were included since the

end-points measured differed between them, although

they were not entered into the same analysis [17–19].

The study characteristics and details of patient demo-

graphics are shown in Tables 1 and 2.

Fifteen studies scored seven or more stars on the

Newcastle–Ottawa scale and 15 were published during

or after 2005. One included study was a randomized

controlled trial [20]. In three studies, data were

collected prospectively with case matching. In the

remaining 23 studies data were collected retrospectively

with 11 being case matched (Table 2).

Intraoperative details

Operation time was found to be significantly longer

in the laparoscopic group by 70.1 min (95% CI 47.9,

92.2; P < 0.001), but there was significant heteroge-

neity (I2 = 94.0%, P < 0.001). Estimated operative

blood loss was significantly lower in the laparoscopic

group, being 89.1 ml less than the open group (95%

CI �125.4, �52.8; P < 0.001). Postoperative length

of hospital stay in the laparoscopic group was

shorter by 1.0 day (95% CI �1.1, �0.84; P = 0.010).

This result was also associated with significant

heterogeneity (I2 = 54.0%; P < 0.010). Only one

study compared the height of anastomosis between

the two groups, with a median of 3 cm (13 patients,

range 1–4 cm) in the open group and 3 cm (12

patients, range 2–4 cm) in the laparoscopic group

[21].

Postoperative outcome

Time to first postoperative bowel movement was

shorter by 0.7 days in the laparoscopic group (95% CI

�1.3, �0.2; P < 0.010; Fig. 2). There was substantial

heterogeneity associated with this result (I2 = 93%,

P < 0.001). Time to resumption of a solid diet was sig-

nificantly shorter for patients undergoing laparoscopic

surgery (WMD �1.2 days; 95% CI �1.6, �0.7;

Studies identified from initial
searches and retrieved

n = 1062

Abstracts of studies
retrieved for more detailed

evaluation
n = 166

Full text of studies
reviewed for potential
inclusion in analysis

n = 80

Studies included in meta-
 analysis
n = 27

Studies excluded after initial inspection, n = 896

Studies excluded – abstracts not suitable, n = 86

Studies excluded from meta-analysis, n = 53

Duplicates, n = 578

Non-comparative studies, n = 32
Review articles, n = 40

Non-comparative, n = 17
Wrong procedure, n = 31
Overlapping studies, n = 5

Case reports, n = 3
Clearly not relevant, n = 11

Studies clearly not relevant, n = 318

Figure 1 PRISMA diagram.
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P < 0.001). There was no difference in time to resump-

tion of a liquid diet (Table 3).

Postoperative adverse events

Most of the studies reviewed reported postoperative

adverse events. These included wound infection, pelvic

sepsis, anastomotic leakage, small bowel obstruction,

re-operation, pouch failure, abscess and urinary tract

infection (Table 3). The rate of conversion for laparo-

scopic surgery was reported by 15 studies, with 21 con-

versions (3.9%) being required (Table 2). Wound

infection was significantly less likely with laparoscopic

than with open surgery (OR 0.60; 95% CI 0.43, 0.85;

P < 0.050). There was no significant difference in the

rate of pouch failure between laparoscopic (0.8%,

2/251) and open groups [1.2% (5/404); OR 0.76;

95% CI 0.22, 2.63; P = 0.67), as reported from four

studies with between 13 and 30 months follow-up. Post

hoc analysis revealed power to detect differences in

adverse event rates between open and laparoscopic

groups of between 5% and 42% (Table S1).

Function

Frequency of defaecation over a 24-h period did not

differ between the laparoscopic and open groups

(WMD 0.04; 95% CI �1.24, 1.33; P = 0.950; Fig. 3).

Nocturnal frequency was significantly lower in the lapa-

roscopic group (WMD �1.14; 95% CI �2.2, �0.07;

P < 0.001). The proportion of patients with inconti-

nence was no different between the two groups (OR

0.72; 95% CI 0.46, 1.13; P = 0.150). There was no dif-

ference between the two groups in the frequency of

anti-diarrhoeal medication and dietary restrictions

(Fig. 4). Two studies reported quantified pad usage,

Table 2 Demographic characteristics of included studies.

Study

Mean age P. diversion

Matching Diagnosis Conversion (n) (%)Lap Open Lap Open

Araki et al. [33] 27.2 31.1 21 11 1, 2, 3, 4 a N/C

Bartels et al. [24] 27 23 N/C N/C Nil a, b N/C

Berdah et al. [34] 32 31 11 12 1, 2, 3, 4 a 3 (25.0)

Brown et al. [21] 32 29 12 13 Nil a, b, d 0

Dolejs et al. [35] 37.5 38.7 100 290 Nil a N/C

Dunker et al. [23] 30.6 39.2 15 17 3, 4, 7 a, b 0

El-Gazzaz et al. [36] 35.5 35.8 22 41 1, 2, 3, 7, 9 a, b, d, e, f 9 (7.6)

Fajardo et al. [37] 37.4 42.6 55 69 Nil a, b N/C

Fichera et al. [38] 36.9 36.3 49 76 Nil a 1 (1.4)

Fleming et al. [39] 39 41.2 339 337 Nil a, b N/C

Gu et al. [19] 43.1 42.1 43 81 1, 2, 3, 4 a, b 1 (2.1)

Hashimoto et al. [40] 30 30 11 13 1, 2, 4 a, b 0

Kelly et al. [26] N/C N/C 10 10 1, 2, 3, 4 a, b 1 (10.0)

Larson et al. [17] 28 27 30 33 1, 2, 3, 7, 9 a, b 6 (6.0)

Larson et al. [18] 32 32 100 200 1, 2, 3, 7, 9 a, b N/C

Maartense et al. [20] 29 35 8 7 2, 3, 7 a, b 0

Otani et al. [41] 30.2 39.6 10 18 Nil a N/C

Ouaissi et al. [42] 41 44 23 22 1, 2, 3, 4, 8 a, e, f 1 (4.5)

Ozawa et al. [25] 29.5 35 20 20 2, 3, 8 a, b 0

Polle et al. [30] 36 35 8 7 1, 2, 3 a, b 0

Rivadeneira et al. [43] 30 34 30 34 Nil a, b 0

Schmitt et al. [44] 31 34 22 20 1, 2, 4 a, b, c, d N/C

Polle et al. [22] 32.6 37.5 26 27 1, 2, 3 a, b N/C

Sylla et al. [45] 32 39.5 50 155 Nil a, b, f N/C

Tan and Jaffray [46] 14 12 11 11 5 a, b, c, f N/C

Tsurata et al. [47] 34 41 40 30 1, 2, 3, 8 a, b, d 0

Zhang et al. [48] 34 35 N/C 1, 2, 3, 4, 7 a, b 0

P. diversion, number of patients who underwent proximal diversion; 1, age; 2, sex; 3, body mass index; 4, diagnosis; 5, number of

stages; 6, operating surgeon; 7, procedure; 8, ASA score; 9, date of operation; a, ulcerative colitis; b, familial adenomatous polypo-

sis; c, other polyposis; d, malignancy; e, acute colitis; f, Crohn’s disease; N/C, no comments.
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which was significantly lower in the laparoscopic group

for both day and night.

Qualitative analysis of quality of life

Five studies reported outcome for quality of life follow-

ing laparoscopic and open RPC, but meta-analysis of

these data was not possible due to significant methodo-

logical heterogeneity. Thus a qualitative analysis of these

end-points was carried out. Two studies used the Gastro-

intestinal Quality of Life Index (GIQLI) and Short Form

36 (SF-36) to compare quality of life between the two

groups and noted no difference between laparoscopic

and open. Polle et al. and Dunker et al. reported signifi-

cantly higher scores for cosmesis in the laparoscopic

group at 2.7 years and 1.5 years [22,23]. Polle et al. also

noted that cosmesis scores did not differ between the

two groups for men, whilst they were significantly higher

amongst women who underwent laparoscopic surgery

(median score 21 vs 14 on cosmesis scale; P = 0.006).

One study found that women undergoing laparo-

scopic RPC had a significantly higher pregnancy rate

compared with those having open RPC. Among 23

patients undergoing an open and 27 a laparoscopic pro-

cedure, all of whom were attempting to conceive, there

was a significantly reduced time to pregnancy in the lap-

aroscopic group (log rank P = 0.023) [24].

Comparison of laparoscopic technique

Three studies compared a totally laparoscopic with an

open operation. The duration of the operation was

significantly lower in the open group (WMD 62.0 min;

95% CI 46.3, 77.8; P < 0.001). Estimated blood loss

was significantly lower in the totally laparoscopic group

with a larger WMD observed than for the overall com-

parison of laparoscopic with open (WMD �137.4 ml;

95% CI �177.7, �97.2; P < 0.001). The length of stay

was reduced by 2 days (95% CI �3.5, �0.7; P < 0.004)

in the TLS group compared with open surgery.

Study or Subgroup

Araki
Fajardo
Schmitt
Brown
Larson 2006
Zhang
EI Gazzaz
Subtotal (95% CI)
Heterogeneity,Tau2 = 0.43; Chi2 = 86.71, df = 6 (P < 0.00001); I2 = 93%

Heterogeneity,Tau2 = 1.50; Chi2 = 27.03, df = 3 (P < 0.00001); I2 = 89%

Heterogeneity, Chi2 = 9.28, df = 7 (P = 0.23); I2 = 25%

Test for overall effect Z = 2.60 (P = 0.009)

Test for overall effect Z = 0.35 (P = 0.73)

Test for overall effect Z = 5.24 (P < 0.00001)
Favours laparoscopic

–4 –2 0 2 4
Favours open

01 Time until first bowel movement

02 Days until liquid diet

03 Days until solid diet

Total (95%CI)

Ozawa
Maartense
Kelly
Brown
Dunker

Larson 2006
Schmitt 1.5

2.5
1

1.3
1.75
2.68
3.75

11

5
4.5
3.6

3 0.5
1.5
0.8

4 5
5.8
4.3

2 0.5
1.25
1.9
2.5 11

17
20
13
61 100.0%

30.2%
27.6%
26.5%
15.7% 0.00 [–2.37, 2.37]

–1.30 [–2.29, –0.31]
–0.70 [–1.53, 0.13]

1.00 [0.61,1.39]
–0.24 [–1.57,1.10]

18
15
22
12
67

3.6

3.6
3

2
6

7.4
4.5
5.6

209 306 100.0% –1.15 [–1.58, –0.72]

22
100
11
16
12
10
18
20 4

7
9.6

4
7

4.3
5

4.3

–2.00 [–6.92, 2.92]
–1.00 [–3.38, 1.38]
–2.20 [–4.55, 0.15]
0.50 [–1.64, 2.64]

–1.40 [–2.58, –0.22]
–0.70 [–1.60, 0.20]

–2.00 [–2.85, –1.15]
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Figure 2 Forest plot illustrating the meta-analysis of postoperative outcomes.
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Table 3 Meta-analysis of all outcomes for laparoscopic versus restorative proctocolectomy

Outcome Studies OR/WMD 95% CI P

H

I ² X ² P

Intra-operative details

Length of operation 18 70.1 47.9, 92.2 < 0.001 94 283.73 < 0.001

Estimated blood loss 12 �89.1 125.4, �52.8 < 0.001 62 28.84 0.002

Postoperative parameters

Length of stay 18 �1.0 �1.2, �0.8 < 0.001 46 31.56 0.020

Time until solid diet 8 �1.2 �1.6, �0.7 < 0.001 25 9.28 0.230

First bowel movement 7 �0.8 �1.3, �0.2 0.009 93 86.71 < 0.001

Time until liquid diet 4 0.5 0.1, 0.8 0.730 89 27.03 < 0.001

Postoperative adverse events

Wound infection 13 0.60 0.43, 0.85 0.003 7 12.84 0.380

Abscess 4 0.50 0.19, 1.29 0.150 0 2.34 0.50

Small bowel obstruction 10 1.26 0.89, 1.79 0.190 0 7.86 0.550

Ileus 8 0.72 0.40, 1.30 0.280 0 3.73 0.810

Urinary tract Infection 5 1.13 0.64, 2,01 0.680 0 2.93 0.570

Anastomotic leak 9 0.92 0.52, 1.63 0.780 0 7.59 0.470

Re-operation 10 0.96 0.62, 1.49 0.860 0 4.48 0.880

Sepsis 4 1.07 0.33, 3.47 0.910 68 9.50 0.020

Pouch failure 4 0.76 0.22, 2.63 0.670 19 3.70 0.300

Pouchitis 2 1.71 0.56, 5.18 0.340 5 1.06 0.300

Function

No. of bowel movements in 24 h 3 0.04 �1.24, 1.33 0.950 77 8.56 < 0.010

No. of bowel movements per night 4 �1.14 �2.2, �0.07 0.040 94 47.05 < 0.001

Use of pads during the night 2 0.33 0.17, 0.65 < 0.001 0 0.19 0.670

Use of pads during the day 2 0.22 0.09, 0.51 < 0.001 0 0.41 0.520

Incontinence 7 0.72 0.46, 1.13 0.150 26 8.14 0.230

Absence of dietary restrictions 3 1.84 0.72, 4.68 0.200 66 5.85 0.050

Use of anti-diarrhoeal medication 4 0.82 0.52, 1.29 0.400 0 2.85 0.420

H, heterogeneity; WMD, weighted mean difference. Numbers in bold denote statistically significant P-values.

Study or Subgroup 
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Gu
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Heterogeneity:  Tau2 = 0.97; Chi2 = 8.56, df = 2 (P = 0.01); I2 = 77%
Test for overall effect Z = 0.07 (P = 0.95)
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Figure 3 Forest plot illustrating the meta-analysis of functional outcomes (continuous data).
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Four studies directly compared HALS with LAS.

One was excluded from this analysis due to poor quality

[18]. From three studies, the length of operation was

significantly lower in the HALS groups (WMD

�94.6 min; 95% CI �141.6, �47.7; P < 0.001). No

difference in length of stay was observed.

Sensitivity analysis

Sensitivity analysis for high quality studies, studies pub-

lished after 2005 and studies with n > 30 showed no

difference in terms of intra-operative details (Table S2).

Publication bias was assessed using funnel plots. There

was significant asymmetry in funnel plots, indicating the

presence of a degree of publication bias, most probably

arising from the pooling of results from low quality and

small numbered studies as seen for length of stay. A

significant reduction in bias was observed when only

high quality studies were included (Fig. 5).

Sensitivity analyses for studies published during or

after 2005 and for studies with 30 or more patients in

each group gave similar results to the high quality anal-

ysis. For postoperative parameters, time until resump-

tion of a liquid diet was slightly shorter than in the
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Figure 4 Forest plot illustrating the meta-analysis of functional outcomes (categorical data).
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laparoscopic group amongst high quality studies (WMD

�0.88; 95% CI �1.50, �0.27; P < 0.005), in contrast

with the overall analysis which showed no difference.

Sensitivity analysis did not produce significantly differ-

ent results to the overall analysis for all other postopera-

tive parameters.

Amongst adverse events, the proportion of patients

diagnosed with a postoperative abscess was found to be

lower in the laparoscopic group in high quality studies

(OR 0.37; 95% CI 0.14, 0.98; P < 0.050) compared

with the overall analysis (OR 0.50; 95% CI 0.19, 1.29;

P = 0.150). The results of all other adverse events were

not affected by the sensitivity analysis.

Regarding function, the frequency of nocturnal defa-

ecation was not significantly different (WMD �1.65;

95% CI �4.29, 1.00; P = 0.22).

Discussion

The present meta-analysis showed that laparoscopic

RPC led to similar adverse event rates and long-term

function compared with an open approach. Some mod-

est improvements were found with laparoscopic RPC

including a slight reduction of frequency of nocturnal

defaecation (0.6 movements) and a lower proportion of

patients requiring the use of a pad (66%). The 24-h

bowel frequency, which is a key measure of function

following RPC, was not significantly different between

the two groups. Although the adverse event rates were

not significantly different between the laparoscopic and

open groups, the pooled studies were not adequately

powered to detect any true difference.

Other factors also need to be considered when con-

sidering laparoscopic surgery. It is important to prevent

tension whilst ensuring a low enough anastomosis to

prevent a retained cuff with its increased risk of poor

function and failure. There is potential for increased

tension during a laparoscopic procedure due to diffi-

culty in achieving a high level of mesenteric arterial divi-

sion. Only one study reported the height of the

anastomosis during laparoscopic and open RPC (median

3.0 cm from the anal verge for both) [21].

Although there was no significant difference between

pouch failure for laparoscopic (0.8%) and open (1.2%),

follow-up is currently insufficient and 5-year results are

awaited. The number of included patients in the present

study was too low to detect adequately a true differ-

ence. Further randomized trials including more patients

are required.

This meta-analysis has confirmed previous findings that

laparoscopic RPC is associated with less intra-operative

blood loss, a longer duration of surgery and a reduced

postoperative hospital stay compared with open RPC

[8]. We have also shown a faster time to the resumption

of intestinal function, a lower risk of wound infection

and a lower risk of abscess formation with laparoscopic

surgery. The differences in length of procedure were

less pronounced than in previously reported data. The

conversion rate from laparoscopic to open surgery was

below 1% which is less than the rates from early laparo-

scopic reports of RPC [25]. These improvements illus-

trate the effect of the learning curve and improved

patient selection over the last decade. Several authors

have suggested that the laparoscopic approach should

only be attempted by surgeons who have performed a

predetermined number of laparoscopic colectomies, and

that such procedures should be performed exclusively in

specialist centres [26,27].

The comparison of HALS and LAS showed that lap-

aroscopic hand-assisted procedures were significantly

faster to perform but maintained an equivalent short-

term outcome. In particular, easier retraction of organs,

easier identification of vascular structures by palpation

and faster omental dissection are cited as advantages of

a hand-assisted approach [28,29]. The improved opera-

tion time of this technique was not offset by an increase

in hospital stay. The most obvious advantage of a totally
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Figure 5 Funnel plot for (a) overall meta-analysis of length of

stay (LOS) and (b) high quality sensitivity analysis for LOS.

The narrower confidence intervals in (b) demonstrate a reduc-
tion in publication bias.
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laparoscopic approach is improved cosmesis. Further

comparisons of long-term function between HALS,

LAS and TLS would be advantageous to determine the

optimal approach to RPC.

Some modest functional benefits were noted,

although pre-selection limits the generalization of these

results. The benefits included reduced nocturnal bowel

frequency and reduced pad usage. The functional ben-

efits may be explained by less intra-operative trauma

and less damage to nerves and reduced disruption to

the physiological state of the bowel. Objective assess-

ment of quality of life is difficult and depends on the

use of questionnaires. Various methods were used in

the studies, including the GIQLI scale, SF-36 and the

Cleveland Global Quality of Life scale. Two studies

showed a significantly better cosmetic outcome for

laparoscopic patients whilst another found no differ-

ence between the laparoscopic and open groups up to

5 years of follow-up. One study noted discrepancies in

quality of life scores between men and women [30].

Variations in patient expectations, the possible low

importance given to cosmesis and the subjective nature

of current means of assessment may explain these find-

ings. Future studies should use consistent tools for

assessing quality of life to enable more robust compari-

sons.

One study has indicated that laparoscopic surgery

may confer fertility benefits over open surgery (as mea-

sured by postoperative pregnancy rates) [24]. This may

be due to reduced adhesion formation, as shown in a

recent non-randomized, case-matched study where lapa-

roscopic RPC was associated with lower incisional

(P = 0.004) and adnexal (P = 0.002) adhesions com-

pared with open RPC [31]. Thus young women who

still wish to conceive may benefit from a laparoscopic

approach.

Limitations of this analysis relate to the quality of

included studies, with lack of randomization and blind-

ing during follow-up. In addition, the follow-up period

may have been insufficient to demonstrate significant

differences in function. This is further reflected by the

low power to detect true differences. Various end-points

make comparison between studies difficult. Although a

random effects model was used where statistical hetero-

geneity was present, the considerable clinical heteroge-

neity will always create a risk of bias, especially when

meta-analysing data from observational studies as was

the case in this review. This heterogeneity is also

reflected by asymmetry of some forest plots, even when

overall significant effects (and also non-significant

effects) were observed.

Standardization of long-term function reporting

would be beneficial to allow improved comparison

between studies. The recently registered LapConPouch

trial will contribute to the knowledge base by compar-

ing laparoscopic and open RPC in a randomized con-

trolled trial, although it may be some time for these

data to mature enough for analysis [32]. In the mean-

time, this meta-analysis presents the best available data.

This study has found that laparoscopic and open

RPC result in similar long-term function and adverse

events. However, the present data may be underpow-

ered to detect true differences in adverse event rates,

and longer follow-up is needed to assess fully any

potential difference in the rate of pouch failure. More

comparative information is needed relating to anasto-

motic level. At present, a more pragmatic selection for a

laparoscopic approach is recommended, which should

be tailored to the individual patient. Factors may

include age, gender, body mass index, and the future

wish to conceive in young women. HALS may provide

shorter operations with similar benefits to conventional

laparoscopy, although further evidence is required.
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