
REVIEW

Purse-string approximation is superior to primary skin closure
following stoma reversal: a systematic review and meta-analysis

D. P. McCartan • J. P. Burke •

S. R. Walsh • J. C. Coffey

Received: 1 October 2012 / Accepted: 27 December 2012 / Published online: 25 January 2013

� Springer-Verlag Italia 2013

Abstract

Background The incidence of surgical site infection (SSI)

following stoma reversal can reach 40 %. A recent varia-

tion on primary linear closure (PLC) is purse-string

approximation (PSA), where the skin is approximated via a

purse-string suture but not closed. The optimal technique

remains to be determined. The objective of this review was

to compare outcomes with PLC versus PSA for skin clo-

sure following stoma reversal.

Methods A literature search of Embase and Medline was

performed to identify studies comparing PLC with PSA

published between 1966 and 2012. Reviews of each study

were conducted and data extracted. Random-effects

methods were used to combine data, and between-study

heterogeneity was assessed.

Results Six out of 47 identified studies met the inclusion

criteria: 2 randomized controlled trials and 4 case controlled

series. For the primary outcome of SSI rate, 233 patients in

the PLC and 170 patients in the PSA group were available for

comparison. PSA resulted in a reduced rate of SSI (2.4 %

PSA vs. 29.6 % PLC; OR 0.083, 95 % CI = 0.03–0.21,

p \ 0.001). No differences were noted in length of hospital

stay. Three studies assessed self-reported cosmetic results at

a minimum of 7 months post-operatively. Patients who

underwent PSA reported greater satisfaction with the

cosmetic outcome (Standard mean difference = 0.47 on

ten-point scale, 95 % CI 0.15–0.79, p = 0.005).

Conclusions Purse-string approximation of stoma

wounds is associated with an 80 % reduction in SSI with

no negative effect on length of hospital stay or long-term

cosmetic outcome.
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Introduction

The use of a temporary defunctioning stoma is common

in colorectal surgery, predominantly following low ante-

rior resection for rectal cancer. This strategy results in

reduced rates of re-operation and a lower clinical leak rate

[1]. A national audit of surgery for rectal cancer in Spain

between 2006 and 2009 demonstrated the use of a tem-

porary stoma in 36 % of cases [2]. However, the opera-

tions for reversal of temporary stomas are associated with

substantial rates of morbidity, with major complication

rates as high as 5 % [3, 4].

Primary wound closure following stoma reversal is

associated with high rates of surgical site infection (SSI)

with reported rates varying widely between 2 and 40 %

[3–6]. A variety of methods have been employed in an

attempt to reduce the SSI rate with most involving some

form of partial closure. A number of single institution

studies have reported low SSI rates with this approach

[7–9].

Banerjee [10] described a refined technique of partial

wound closure following stoma takedown. After fascial

closure, the circular skin incision made around the stoma is

drawn in using a purse-string suture placed in the dermal
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layer. This provides a route for drainage of wound con-

taminants but also provides a greater degree of wound

apposition therefore expediting wound closure when

compared to healing by secondary intention alone. The first

prospective evaluation of this technique reported no SSIs in

a consecutive series of 51 patients [11]. A number of

studies have directly compared outcomes of purse-string

approximation (PSA) to primary linear closure (PLC) for

skin closure following stoma reversal. We performed a

review of all studies comparing PLC with PSA. Our pri-

mary aim was to assess differences in SSI rates between the

two wound closure techniques.

Materials and methods

Identification of studies

MEDLINE and EMBASE were searched between January

1966 and August 2012 for all studies comparing PLC and

PSA by entering the following in the search algorithm:

purse OR purse-string AND stoma OR ileostomy OR

colostomy. The abstracts of the American Society of Colon

and Rectal Surgeons, the Association of Coloproctology of

Great Britain and Ireland, the European Society of Colo-

proctology and the Tripartite meetings from 2000 to 2012

were screened for relevant, unpublished studies. Finally,

the search included the Current Controlled Trials Register

(http://www.controlled-trials.com) and the Cochrane

Database of Controlled Trials. The latest search was done

on 29 August 2012. Two authors (DMC and JB) inde-

pendently examined the title and abstract of citations, and

the full texts of potentially eligible trials were obtained.

Disagreements were resolved by discussion. The reference

list of retrieved papers was further screened for additional

publications. When data were unclear or incomplete, the

corresponding author was contacted to clarify data

extraction.

Eligibility criteria

Only studies that compared PLC and PSA for wound clo-

sure in adult patients were eligible for inclusion. The pri-

mary endpoint of this meta-analysis was the rate of SSI

following wound closure. The secondary endpoints exam-

ined were length of post-operative hospital stay and patient

reported cosmetic outcome.

Data extraction and outcomes

The following information regarding each eligible trial was

recorded: authors’ names, journal, year of publication and

study design. The following information was recorded

from both arms of each eligible trial: the number of

patients assigned to each wound closure technique, and the

number analysed per arm, mean age, duration of follow-up,

SSI rate as well as data on the secondary outcomes

mentioned.

Statistical analysis

Data from eligible trials were entered into a computerized

spreadsheet for analysis. Analyses were conducted using

Statsdirect version 2.5.6 (StatsDirect Ltd, Chesire, UK)

and Comprehensive Meta-analysis version 2 (Biostat Inc,

NJ, USA). All pooled outcome measures were determined

using a random-effects model as described by DerSimo-

nian and Laird [12]. The odds ratio (OR) was estimated

with its variance and 95 % confidence interval (CI). The

random-effects analysis weighted the natural logarithm of

each study’s OR by the inverse of its variance plus an

estimate of the between-study variance in the presence of

between-study heterogeneity. Standard mean difference

was calculated for the effect size of PSA on the contin-

uous variables of length of hospital stay and cosmetic

outcome. Heterogeneity between relative risks for the

same outcome between different studies was assessed by

use of the I2 inconsistency test and chi-square-based

Cochran’s Q statistic [13] test in which p \ 0.05 is taken

to indicate the presence of significant heterogeneity. The

quality of included studies was assessed by using the

Newcastle-Ottawa Scale [14]. Quality was evaluated by

examining 3 items: patient selection, comparability of the

2 study groups and assessment of exposure (maximum

score 9).

Results

Eligible studies

The literature search identified 4 published articles that

directly compared PLC and PSA for wound closure fol-

lowing elective stoma reversal [6, 15–17]. Two additional

unpublished studies were identified in abstract form from

conference proceedings [18, 19]. Figure 1 shows the

PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) flowchart for the literature

search. Forty-one papers were excluded from the review

including one that exclusively studied a paediatric popu-

lation [20]. Table 1 demonstrates the demographic data

from each trial, which was similar between groups. The

trials were well matched for age, sex and body mass index

(BMI). There was one published randomised control trial

identified as relevant (Jadad score 3 points) [15]. One of the

studies identified through the search of conference
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proceedings and only published in abstract format to date

was also a randomised control trial (Jadad score 3 points)

[19]. Five of the studies examined procedures for ileostomy

reversal only [6, 15, 17–19]. In the study by Marquez et al.

[16], 27 % of procedures involved a midline laparotomy

with 10 of the 78 reversal procedures performed for

colostomy reversal.

All studies used intravenous antibiotics at induction of

anaesthesia. Table 2 records aspects of the peri-operative

management in the included studies. While the type and

post-operative duration of antibiotic regimens differed

between the various studies, apart from one patient in the

study by Marquez et al. who did not receive antibiotics, the

antibiotic use in the two arms of each trial was the same.

A variety of suture materials, both absorbable and non

absorbable, were used in both the PLC and PSA groups in

the different studies. All subjects were enroled between

2002 and 2010, and all papers used the Centres for Disease

Control (CDC) definition of SSI [21].

Primary outcome: SSI

The total number of patients assigned to treatment in the 6

studies was 403, 233 in the PLC and 170 in the PSA

groups. On random-effects analysis, there was a marked

reduction in SSI in patients who underwent PSA wound

closure (2.4 % PSA vs. 29.6 % PLC; OR 0.083, 95 %

CI = 0.03 to 0.21, p \ 0.001) (Fig. 2). There was no evi-

dence of statistical heterogeneity (Cochran Q = 2.80;

p = 0.73, I2 = 0 %).

Secondary outcomes

Five studies examined length of hospital stay and did not

identify a significant difference between the two wound

closure techniques (SMD = 0.016 days shorter stay with

PSA; 95 % CI = -0.52 to 0.49, p = 0.95) (Fig. 3).

However, there was evidence of significant heterogeneity

amongst the included studies: Cochran Q: 17.1, p = 0.002,

I2: 76.6 %.

Three studies examined patient self-reported assessment

of cosmetic outcome using a visual analogue scale from 1

to 10, at a minimum of 7 months following the reversal

procedure (range 7–25 months), comparing 73 patients in

the PLC group to 78 patients in the PSA group (Fig. 4).

Patients who had undergone skin closure with PSA repor-

ted a higher satisfaction with cosmetic outcome at long-

term follow-up (SMD = 0.469, 95 % CI 0.15–0.79,

p = 0.005). There was no evidence of statistical hetero-

geneity (Cochran Q: 0.7, p = 0.70, I2: 0.0 %).

Fig. 1 PRISMA (Preferred

Reporting Items for Systematic

Reviews and Meta-Analyses)

diagram
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Discussion

This analysis of 6 trials comparing wound closure tech-

niques following stoma reversal represents a summation of

the available evidence to date and is the first of its kind. SSI

following stoma reversal was markedly reduced when

purse-string approximation was used for wound closure

with no differences noted in length of hospital stay and, in

the long term, an improved self-reported cosmetic

outcome.

A previous systematic review of 6107 defunctioning

ileostomy reversal procedures by Chow et al. [3] reported a

SSI rate of 5.0 %; however, multiple variations in wound

closure were employed. Primary closure of these wounds

has been associated with SSI rates of up to 40 % [6]. Over

recent years, numerous efforts have been made to reduce

SSI following stoma reversal. A number of studies have

shown reduced SSI when the wound is left open to heal by

secondary intention, yet these do not assess the overall time

for wound healing and any resultant negative impact on

Table 1 Patient demographic and study information

Author Country

of origin

Study design Stoma type No of

surgeons

PLC n PSA n Stoma

indication:

malignancy

PLC (%)/

PSA (%)

Mean

time

to stoma

reversal

(months)

PLC/PSA

Newcastle

Ottawa

score

Jaded

score

Milanchi

et al. [6]

USA Retrospective Ileostomy 1 25 24 4 %/4 % 2/2 7 NA

Reid et al.

[15]

Australia Randomised

controlled

Ileostomy 2 31 30 90 %/67 % 5/4 NA 3

Marquez

et al. [16]

USA Retrospective Ileostomy ?

colostomy

2 61 17 21 %/53 % NA 7 NA

Lee et al. [17] South

Korea

Rerospective Ileostomy NA 30 18 77 %/77 % 4/4 6 NA

Younis

et al. [18]

UK Prospective

observational

Ileostomy NA 58 50 NA NA 4 NA

Camacho

Mauries

et al. [19]

Mexico Randomised

controlled

Ileostomy NA 28 31 NA NA NA 3

Total 233 170

NA not available

Table 2 Details on peri-operative management

Author Timing of

antibiotic

prophlyaxis

Antibiotics used Post-operative

antibiotic

duration

Antibiotic use identical in

PLC ? PSA arms?

Suture

material

PLC

Suture

material

PSA

Drain

used in

PLC arm?

Milanchi

et al. [6]

Induction Cefotetan or

Cefoxitin

24 h Yes Skin clips Absorbable Yes

Reid et al.

[15]

Induction Cefazolin and

metronidazole

None Yes Interrupted

absorbable

Non

absorable

No

Marquez

et al. [16]

Induction 87 % received 2nd

generation

cephalosporin

NA No: 1 of 17 patients in PSA

arm did not receive

antibiotic prophylaxis

Skin clips Absorbable Used in 8

of 61

(13 %)

Lee et al.

[17]

Induction 2nd generation

cephalosporin

1–5 days Yes Not

specified

Absorbable No

Younis

et al. [18]

Induction NA NA Yes NA NA NA

Camacho

Mauries

et al. [19]

Induction NA NA Yes Interrupted

non

absorbable

Non

absorbable

NA

NA not available
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patient quality of life during the period required for wound

closure [7, 22, 23]. Other novel techniques have fared little

better with randomised controlled trials showing no

improvement in SSI rate with the subcutaneous implanta-

tion of a gentamicin sponge [24] and, counter intuitively,

an increased SSI rate with delayed primary closure [25].

Partial wound closure represents a refinement of healing

by secondary intention. It allows partial wound edge

apposition to expedite healing time but with an acceptably

low SSI rate [7, 26]. The technique described by Banerjee

[10] recommends placement of the purse-string suture into

the dermis and is easily learned. Circumferential placement

of the suture allows uniform tension throughout the wound

edges. Skin from the entire diameter of the wound is

recruited without the need to excise healthy skin that may

be required to make the wound elliptical to facilitate pri-

mary closure [27].

The three studies that assessed cosmesis did so at a

minimum of 7 months following surgery and while the

results suggest an improved satisfaction with the final scar

Fig. 2 Meta-analyses for surgical site infection (SSI) after stoma

reversal. Each study is shown by the point estimate of the odds ratio

(OR; square proportional to the weight of each study) and 95 %

confidence interval (CI) for the OR (extending lines); the combined

ORs and 95 % CIs by random-effects calculations are shown by a

diamond. The arrows indicate that the 95 % CI extends beyond the

depicted range. n = 403, Cochran Q: 2.8 (df: 5) p = 0.73, I2: 0.0 %.

PLC primary linear closure, PSA purse-string approximation

Fig. 3 Meta-analyses for length of hospital stay. n = 295, Cochran Q: 17.1 (df: 4) p = 0.002, I2: 76.6 %

Fig. 4 Meta-analyses for self-reported cosmetic outcome using the visual analogue scale (VAS). n = 151, Cochran Q: 0.7 (df: 2) p = 0.70,

I2: 0.0 %
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with PSA. This arm of the analysis only included 73

patients in the PLC group and 78 patients in the PSA group.

Due to these small numbers, adoption of the PSA technique

solely in the hope that it offers a better cosmetic outcome

cannot be recommended, but these pooled results suggest

the technique is not associated with an inferior cosmetic

outcome. Previous studies of patients with circular inci-

sions closed this way suggest that while the initial circular

scar may be disconcerting [28], maturation overtime occurs

along natural skin tension lines producing a cosmetically

acceptable scar [28, 29].

Critics of a partial closure technique such as purse-string

approximation will point to the time required to achieve a

healed wound. Reid et al. [15] found the meantime to

healing in the PSA group was 21 days, yet this was still

marginally shorter than the meantime in the PLC group

(25 days) due to the effect of the large proportion of PLC

patients that developed SSI. The paper by Sutton et al. [11]

concurs with the short period of wound healing reported by

Reid et al. [15]. If reproduced in other trials, this is of an

acceptably short duration. In this pooled analysis of 233

patients in the PLC group, 70 % of patients did not develop

any wound sepsis and thus had no requirement for pro-

longed wound dressing. Therefore, the quality of life-

related effects that an open wound has on patients should

be one area considered for further investigation.

Despite the conclusive findings with regard to SSI, this

review is limited by the quality of the data available. Only

two studies were randomised, and all of the included

studies were single centre. While antibiotic regimens and

choice of suture material differed between the trials, they

did not differ between the arms in each individual trial, so

this is unlikely to be a significant confounding factor.

There are no trials comparing PSA to other methods of

partial closure which is a potential area of further study.

However, a major benefit of the purse-string technique

when compared to other forms of partial closure is that the

technique is standardised and easily reproducible.

Conclusions

Further studies, ideally randomised controlled and multi-

centre, should address issues regarding quality of life

during the time required for post-operative dressings as

well as time required for healing before the PSA technique

can confidently be recommended as the standard of care.

Despite these limitations, it can be concluded from this

review that PSA is superior to primary linear skin closure

following stoma reversal due to low rates of SSI with no

negative impact on long-term cosmetic outcome.

Conflict of interest None.
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