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Abstract
Purpose The role of subcutaneous prophylactic drainage in preventing postoperative abdominal wound complications is still
controversial. We aimed to elucidate whether any difference in the incidence of surgical site infection (SSI) exists between
patients with or without subcutaneous suction drain following clean-contaminated abdominal surgery.
Methods PubMed, EMBASE, and the CENTRAL were systematically searched for randomized controlled trials (RCT) com-
paring drained with undrained surgeries featuring gastrointestinal (GI) tract opening. The aim of the analysis was to assess the
incidence of wound infection. A meta-analysis of relevant studies was performed using RevMan 5.3.
Results A total of 8 studies, including 2833 patients, were considered eligible to collect data necessary. Globally, 187 patients (83
drained versus 104 undrained) experienced some SSI during the postoperative period. The use of subcutaneous suction drains did
not exhibit any significant differences between drained and undrained patients in developing SSI (odds ratio 0.76, 95% CI 0.56–
1.02; p = 0.07).
Conclusions According to the available, high-level evidence, the use of subcutaneous drains should not be encouraged on a
routine basis, as it does not confer any advantage in preventing postoperative wound infection following clean-contaminated
abdominal surgery. However, this does not exclude that there might be a benefit in a specific risk group of patients.
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Introduction

Surgical site infection (SSI) is considered a postoperative
complication after surgery that increases patient morbidity
and mortality rates. Some authors suggest the use of subcuta-
neous drain to prevent wound infection. Contrariwise, large
review studies affirm that prophylactic drain does not give
significative advantage on preventing SSI. Clean-

contaminated surgery, such as abdominal surgery with open-
ing of GI tract, carries higher risk of SSI compared with other
surgical procedures [1–4]. A relative scarcity of specific evi-
dence exists on the argument, with most data returning from
low-level analyses and only a few randomized studies
returning non-univocal results. As a consequence, the actual
role of prophylactic subcutaneous drain is still controversial.
Accordingly, the aim of our study is to aggregate the available,
high-level evidence from the medical literature to elucidate
whether any difference in incidence of SSI exists between
patients with or without subcutaneous suction drain placement
following clean-contaminated abdominal surgery.

Materials and methods

PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) [5] guidelines were followed
in order to identify RCTs comparing drained with un-
drained surgical incisions after abdominal surgery with
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opening of GI tract. Before data collection, an itemized
protocol to perform the analysis was produced (protocol
registered on PROSPERO). Data for meta-analysis were
extrapolated from the included studies following the pre-
established pattern. Two authors (DC, FG) performed an
independent literature search up to September 2018. The
PubMed/MEDLINE, EMBASE, and CENTRAL electronic
databases [6] were utilized with a combination of the fol-
lowing search words: “subcutaneous,” “suction drain,”
“prophylactic,” “drainage,” and “abdominal wound.” All
articles dealing with GI surgery (colorectal and lower GI,
hepatobiliary, pancreatic, and upper GI surgical proce-
dures) were considered eligible. Full-text papers consid-
ered for inclusion were appraised and the relative refer-
ences were hand-searched to find additional, eligible
works. Potentially suitable studies were investigated and
eventually included in the analysis if were in the English
language; RCT with a comparison between a subcutaneous
suction drained group and an undrained group was present;
adult patients undergoing clean-contaminated abdominal
surgical procedures, either with an open or a minimally

invasive approach in elective setting. Emergency GI inter-
ventions and ileostomy takedown considered by definition
contaminated or dirty surgery have been excluded. Two
reviewers (CDB and GG) extrapolated data for meta-
analysis from the studies that were eventually included.
All disagreements concerning inclusion were solved by
consensus, involving all authors. According to the pre-
established pattern, the retrieved data were the following:
study design, clinical characteristics such as age, body
mass index (BMI), number of patients in each group, risk
factors, type of surgical procedures, antibiotic prophylaxis,
time of drain removing, and diagnosis of SSI. The Center
for Diseases Control and Prevention’s definition of SSI [7]
was reported by more recent studies [8–12]: purulent
drainage with or without laboratory confirmation from
the superficial incision; organisms isolated from an asepti-
cally obtained culture of fluid or tissue from the superficial
incision; at least one of the following signs or symptoms of
infection: pain/tenderness, local swelling, redness, or heat
which require deliberately opening of the superficial inci-
sion by surgeon, unless incision is culture-negative;
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diagnosis of superficial SSI by the surgeon or attending
physician. Diagnosis of SSI was described in older papers
as clinical/cultural evidence of infection like discharge of
pus spontaneously or after opening of the incision or in the
presence of positive bacterial cultures [13–15]. The differ-
ence in incidence of SSI between the two groups was con-
sidered the main endpoint.

Statistical analysis

Data are presented in descriptive statistics. Meta-analysis was
performed using Review Manager 5.3 (Cochrane
Collaboration, Oxford, England). Estimated effect measures
were calculated for event-related outcomes as odds ratio (OR).
By inspecting the forest plots and I2 statistics, a statistical
heterogeneity was obtained. ORs were identified and reported
with 95% confidence interval (CI). The Z-test for overall ef-
fect and its two-sided p value were also assessed. Statistical
significance was set at the 0.05 probability level.

Results

Study selection and quality assessment

The first electronic search yielded 3759 records. After the
evaluation of abstracts, full-texts, and references, 21 potential-
ly relevant papers were identified. Only 8 studies, including a
total of 2833 patients, met the inclusion criteria and entered
the meta-analysis [8–15], 1441 in the drain group and 1392 in
the control group (Fig. 1 depicts our search strategy). In the
analysis, the inspection of forest plots and the I2 index re-
vealed a low risk of heterogeneity (I2 = 17%). We performed
a quality analysis assessing risk of bias according the
Cochrane tool [16] (Fig. 2 depicts risk of bias summary) and
we appreciated blinding in the included studies [17].Only one
paper reports detailed data showing no blinding of investiga-
tors or patients [12].

Characteristics of studies and surgical procedures

Three of the included studies were from Europe [8–10], two
from the USA [13, 15], two from Asia [11, 12], and one from
Australia [13]. All patients received an elective open or min-
imally invasive surgical procedure featuring an opening of GI
tract. In all RCTs, suction drains were placed in the primary
incision after open surgical procedures or in the incision
employed for the anastomosis/specimen extraction after min-
imally invasive interventions. Overall, there was high variabil-
ity among surgical procedures; only five studies provided de-
tailed data about surgical procedures [8, 9, 11–13] holding 931
patients. In particular, 297 patients (31.9%; 143 drained versus
154 undrained) underwent colorectal and lower GI surgery,
386 patients (41.5%; 192 drained versus 194 undrained) re-
ceived hepatobiliary and pancreatic surgery, 228 patients
(24.5% 122 drained versus 106 undrained) underwent upper
GI surgery, and 20 patients (2.1% 11 drained versus 9 un-
drained) had other GI surgical procedures. Only five studies
did provide detailed data on risk factors as immunosuppres-
sion, diabetes mellitus (DM), corticosteroids, concomitant, or
prior chemoradiotherapy and obesity. [9–12, 15]. Data about
time of drain removal varied significantly among studies.
Particularly, the decision to remove drains was made accord-
ing to the output of the drain [15], to postoperative day (POD)
[9, 10, 12–14], or a combination thereof [8, 11]. Overall, the
median time to drain removal was 3rd POD (range 1–5). In all
studies, patients received antibiotic prophylaxis (Table 1).

Outcomes evaluation

Overall, 187 (6.6%) patients had SSI, whereby 83 patients
(5.8%) in the drained group and 104 (7.5%) in the undrained
group. This difference did not reach statistical significance
(OR 0.76, 95% CI 0.56–1.02: p = 0.07; I2 = 17%) (Fig. 3). It

Fig. 2 Risk of bias summary of the included studies
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has not been possible to meta-analyze data about SSI for type
of surgical procedures because of lack of detailed parting
within the individual studies. Patients’ general characteristics
were similar between the two groups. Of note, overall preop-
erative risk factors as obesity, immunosuppression, DM, cor-
ticosteroids use, and concomitant or prior chemoradiotherapy
did not show statistically significant difference between the
relative incidences (42% in the drained group versus 38% in
the undrained group OR = 1.25, p = 0.10) .

Discussion

The role of prophylactic subcutaneous drain has been eval-
uated by many authors among different types of surgical
procedures that tried to answer the question if drained
wound give better results in terms of SSI and the different
experiences gave variable outcomes. Within GI surgery in
the past 30 years, some studies suggest routine placement
of subcutaneous suction drain to reduce postoperative SSI
[8, 12] but others sustain its irrelevance [9–11, 13–15]. In
contaminated and dirty surgery, such as emergency surgery
or ileostomy reversal, wound drain had shown advantage
in preventing SSI [18, 19]. Overall, our review does not
support the routine use of subcutaneous drain following
elective clean-contaminated abdominal surgery, as no sta-
tistical difference was noted between drained and un-
drained patients. Manzoor et al. [1] in their recent review
on the use of subcutaneous wound drain after laparotomy
conclude that there is no statistical difference between
drained and undrained wound and suggest that drain is
not necessary for all patients but useful in contaminated
wounds. A systematic review and meta-analysis by Kosin
et al. [20], analyzing the different types of cutaneous inci-
sions and surgical procedures, concluded that drain is not
mandatory also in clean-contaminated surgical procedures.
However, in this study, data concerning the type of drain
used (if suction or not) were not specified. Our paper
aimed to make the sample as homogeneous as possible

selecting all RCTs about clean-contaminated surgery with
positioning of a suction drain and only in elective setting.
To the best of our knowledge, this is the first meta-analysis
reporting on the highest-quality evidence on this topic.
Nevertheless, some limitations to the present analysis are
to be acknowledged. Firstly, the included studies cover a
time frame of 30 years during which the attention paid on
SSI is changed far, hand in hand with rules and strategies to
prevent them. Secondly, a certain variability among studies
in terms of surgical procedures and postoperative drain
management removal may have, at least in part, modified
our results. The included studies in our meta-analysis treat
about visceral surgical procedures which have different
SSI incidences if separately considered. Due to the lack
of detailed grouping within drained and undrained patients
in individual studies, it was not possible to calculate dif-
ference in SSI for each type of surgical procedure. Finally,
the lack of detailed data has prevented a subgroup analysis
investigating specific risks for SSI in particular immuno-
suppression, DM, corticosteroid use, chemoradiotherapy,
and obese patients which should be analyzed in specific
subgroup. These could have a key role on wound healing
and could have influence on the final results. Only one
study [15] reports specific data on obese patients, other
works analyze obesity as a risk factor without reporting
specific data or subgroup. We regroup the risk factors
adding them together within the two groups and made the
analysis of available data.

Conclusions

According to the highest-quality evidence data in literature,
the presence of prophylactic subcutaneous suction drain does
not impact significantly on the incidence of SSI in clean-
contaminated abdominal surgery. The lack of specific data
precludes the possibility to reach definitive conclusions on
whether subcutaneous drain may confer advantages in specific
subgroups of patients.

Fig. 3 Forest plot showing OR for SSI
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