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Objective: To determine the evidence-based value of prophylactic
drainage in gastrointestinal (GI) surgery.
Methods: An electronic search of the Medline database from 1966
to 2004 was performed to identify articles comparing prophylactic
drainage with no drainage in GI surgery. The studies were reviewed
and classified according to their quality of evidence using the
grading system proposed by the Oxford Centre for Evidence-based
Medicine. Seventeen randomized controlled trials (RCTs) were
found for hepato-pancreatico-biliary surgery, none for upper GI
tract, and 13 for lower GI tract surgery. If sufficient RCTs were
identified, we performed a meta-analysis to characterize the drain
effect using the random-effects model.
Results: There is evidence of level 1a that drains do not reduce
complications after hepatic, colonic, or rectal resection with primary
anastomosis and appendectomy for any stage of appendicitis. Drains
were even harmful after hepatic resection in chronic liver disease
and appendectomy. In the absence of RCTs, there is a consensus
(evidence level 5) about the necessity of prophylactic drainage after
esophageal resection and total gastrectomy due to the potential fatal
outcome in case of anastomotic and gastric leakage.
Conclusion: Many GI operations can be performed safely without
prophylactic drainage. Drains should be omitted after hepatic, co-
lonic, or rectal resection with primary anastomosis and appendec-
tomy for any stage of appendicitis (recommendation grade A),
whereas prophylactic drainage remains indicated after esophageal
resection and total gastrectomy (recommendation grade D). For
many other GI procedures, especially involving the upper GI tract,
there is a further demand for well-designed RCTs to clarify the value
of prophylactic drainage.

(Ann Surg 2004;240: 1074–1085)

Drainage of body cavities has been practiced in medicine
for a long time. Historical reports of drainage of chest

empyema and ascites go back to the Hippocratic era.1 During
the last 2 centuries, surgeons also used drains for prophylactic
purposes. Prophylactic drains have been employed to remove
intraperitoneal collections such as ascites, blood, bile, chyle,
and pancreatic or intestinal juice. These collections might
become potentially infected or are, in the case of bile and
pancreatic juice, toxic for adjacent tissue. Another potential
function of prophylactic drains is their signal function to
detect early complications, such as postoperative hemorrhage
and leakage of enteric suture lines.2 Therefore, prophylactic
drainage has gained wide acceptance as a useful method to
prevent complications after gastrointestinal (GI) surgery.

Sims was the first surgeon who used prophylactic
drains after gynecologic operations in the last quarter of the
19th century.1 Since that time, surgeons have routinely used
prophylactic drainage of the peritoneal cavity after abdominal
surgery. Theodor Billroth was convinced that prophylactic
drainage of the peritoneal cavity saved many lives after GI
surgery.3 Other contemporaries believed that drainage of the
peritoneal cavity is impossible and, therefore, prophylactic
drainage is useless.4,5

During the last 3 decades, surgeons have made efforts
to investigate the value of prophylactic drainage after abdom-
inal surgery in controlled randomized clinical trials (RCTs).
Despite evidence-based data questioning prophylactic drain-
age in many instances, most surgeons around the world
continued to use them on a routine basis. Therefore, we
reviewed the literature by using the novel approach of evi-
dence-based medicine, and classified the studies according to
their quality of evidence to identify the value of prophylactic
drainage after several GI procedures. Additionally, we per-
formed 3 meta-analyses of RCTs to characterize the drain
effect after hepatic resection, colorectal surgery, and appen-
dectomy for gangrenous and perforated appendicitis.
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METHODS

Literature Search
An electronic search of the Medline database from

1966 to February 2004 was performed to identify relevant
articles that compare prophylactic drainage with no drainage
in GI surgery. The following search terms were used: “sur-
gical drainage,” “intraperitoneal drainage,” “prophylactic
drainage,” and “abdominal drainage” in various combinations
and in combination with the corresponding GI organ system
and procedures such as “liver,” “liver resection,” and “hepatic
resection.” The search was extended to the GI organs “liver,”
“gallbladder,” “pancreas,” “esophagus,” “stomach,” “small
intestine,” “appendix,” “colon,” and “rectum.” Abdominal
surgery for trauma was excluded from our analysis. Outcome
variables such as “mortality,” “morbidity,” “complication,”
“leakage,” “wound infection,” “collections,” “pulmonary
complications,” “reoperation,” and “hospital stay” were ap-
plied to the search terms mentioned above. In addition to the
Medline search, we used manual cross-referencing to identify
further studies.

Study Review and Quality Grading
Data were extracted from original articles by 2 inde-

pendent reviewers (HP and ND) regarding the methods and
results of studies. Discrepancy between the reviewers was
resolved by consensus. We included only published full-
length papers. Although we identified studies by an English-
written title and abstract, the review and meta-analysis were
not language-restricted. All studies were classified according
to their level of evidence by using the classification proposed
by the Oxford Centre for Evidence-based Medicine (Table
1).6,7 In addition to a narrow confidence interval, sample size
calculation, reported method of randomization, and precise
definition of exclusion/inclusion were further criteria for a
RCT to be classified as 1b; otherwise, RCTs were ranked as
2b. Based on the level of evidence, grades of recommenda-
tions (A, B, C, D) were given (Table 1). Studies were
compared for the following end points: mortality, overall
complication rates, leakage rates, infection rates (wound,
intra-abdominal collections, abscess), pulmonary complica-
tion rates, reoperation rates, and hospital stay.

Meta-analysis
Inclusion criteria for meta-analysis were RCTs of any

sample size, which compared a prophylactic drain group and
a no-drain group with respect to various dichotomous end
points (eg, wound infection, pulmonary complication, etc).
Meta-analysis was performed either if no meta-analysis has
been published yet or if new RCTs were published after a
previous meta-analysis. We characterized the drain effect by
odds ratio (OR) such that values less than 1 favor drains,
whereas values larger than 1 favor no drains. Our goal was to
calculate a 95% confidence interval (CI) for the OR and

hence to test for a significant drain effect at the 5% level by
using the data of all RCTs. For this, we used for all meta-
analysis the random-effects model described by Whitehead
and Whitehead,8 which models the logarithm of OR. Thus,
we considered the “true drain effect” to differ from study to
study and estimated an “average drain effect.” This statistic
model assumes a normal distribution for the estimates of the
logarithm of the OR. The weights of each study in the
meta-analysis are also provided. Heterogeneity between stud-
ies was evaluated by using the �2-based Q statistic proposed
by Cochran.9 When no events were observed for certain end
points in some groups, we added 0.25 events to each group
and each study for the corresponding end point to avoid
computational problems. P values smaller than 0.05 were
considered as significant, which corresponds to a 95% CI of
the OR that excludes the value 1 on a log scale.

RESULTS

Liver Resection
Intraperitoneal drainage after elective liver resection is

still routinely used in many hospitals worldwide. We identi-
fied 4 studies (3 RCTs of level 1b12 and 2b10,11 and 1 large
retrospective cohort study of level 2b13) that examined the
prophylactic value of intraperitoneal drainage after hepatic
resection (Table 2).

The study population of the French and American RCT
was heterogeneous in regard to the underlying disease,10,11

whereas the Asian RCT included only patients with chronic
liver disease (Table 2).12 In each RCT, patients were random-

TABLE 1. Levels of Evidence and Grade of
Recommendation Proposed by the Oxford Centre for
Evidence-based Medicine �6,7�

Level of
Evidence Grading Criteria

Grade of
Recommendation

1a Systematic review of RCTs
including meta-analysis

A

1b Individual RCT with narrow
confidence interval

A

1c All and none studies B
2a Systematic review of cohort

studies
B

2b Individual cohort study and low
quality RCT

B

2c Outcome research study C
3a Systematic review of case-control

studies
C

3b Individual case-control study C
4 Case-series, poor quality cohort

and case-control studies
C

5 Expert opinion D
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ized to closed-suction drainage or to no drainage after elec-
tive liver resection. Each trial, including the large level 2b
cohort study, demonstrated increased rates of infected collec-
tions in drained patients when compared with nondrained
patients (Table 3). The reported biloma rate of approximately
5% in the RCTs was either equal to or even higher in drained
patients compared with nondrained patients. This implies that
drainage does not prevent the occurrence of bile collections.
Despite operative drainage, 5 of 60 (8%) patients had to be
drained percutaneously in the American RCT, whereas 11 of
60 patients (18%) in the nondrained group needed percuta-
neous drainage.11 However, the univariate analysis revealed
that operative drainage status did not correlate with the need
of percutaneous drainage in this study where the majority of
cases (70%) were extended procedures such as hemi-hepa-
tectomies or more. The recently published RCT on abdominal
drainage in chronic liver disease demonstrated higher rates of
postoperative wound, septic, and overall complications in

drained patients, resulting in a significantly longer hospital
stay.12 The multivariate analysis revealed that abdominal
drainage was an independent risk factor for postoperative
morbidity in this study. Drains also failed to detect significant
postoperative complications such as bile leak and hemorrhage
that needed surgical or radiologic interventions.12

Although 1 RCT included only patients with chronic
liver disease,12 we performed a meta-analysis including all 3
RCTs because the other 2 RCTs also included patients with
chronic liver disease.10,11 The meta-analysis was performed
with pooled data from 154 drained and 150 nondrained
patients. The analysis revealed a slight advantage for nond-
rained patients with respect to infected intra-abdominal col-
lections (OR 2.83; CI 0.82–9.71); however, this advantage
did not reach statistical significance. Drainage status had no
influence on the outcome of bile collections (OR 1.15; CI
0.36–3.68) or pulmonary complications (OR 1.40; CI 0.73–
2.68) (Fig. 1).

TABLE 2. Characteristics of RCTs on Abdominal Drainage Versus no Drainage After Liver Resection

Author, year
�Ref.� Level

Pts
No

Method of
Randomization

Sample Size
Calculation Underlying Disease Exclusion Criteria Drain Type

Duration of
Drainage

Belghiti, 1993
�10�

2b 81 Envolope No Begnin liver disease,
HCC, colorectal
metastases, intrahepatic
cholangiocarcinoma

Patient refusal, biliodigestive
anstomosis, associated GI
procedures, total vascular
exclusion, bile duct injury

Closed-suction
(silicon drain)

� 3 days

Fong, 1996
�11�

2b 120 Not reported No Colorectal metastases,
HCC

Patient refusal, biliodigestive
anstomosis,
thoracoabdominal
incision, preoperative
biliary stent

Closed-suction
(silicone drain)

� 4 days

Liu, 2004
�12�

1b 104 Envolope Yes Chronic liver disease with
HCC in the majority

Patient refusal, normal liver,
biliodigestive anastomosis

Closed-suction
(silicon drain)

� 5 days

TABLE 3. Results of RCTs on Abdominal Drainage Versus no Drainage After Liver Resection

Author, year
�Ref.� Arm

Pts
No

Mortality
(%)

Bile
Collection

(%)

Infected
Collection

(%)

Pulmonary
Complication

(%)

Wound
Infection

(%)

Patients with
Complications

(%)
Re-operation

(%)

Hospital
Staya

(days)

Belghiti, 1993
�10�

Drain 42 2,4 4,8 14,3 19,0 - - 2,4 12,6

No Drain 39 2,6 5,3 5,3 15,8 - - 2,6 12,3
Fong, 1996

�11�
Drain 60 3,3 5,0 5,0 8,3 6,7 48,3 1,7 13,1

No Drain 60 3,3 5,0 0,0 8,3 3,3 43,3 0,0 13,4
Liu, 2004

�12�
Drain 52 5,8 3,8 3,8 25,0 19,2 73,1# 5,8 19,0§

No Drain 52 1,9 0,0 1,9 15,4 11,5 38,5# 1,9 12,5§

a, mean hospital stay; #, p � 0.05 (�2 test); §, p � 0.05 (Student’s t test).

Petrowsky et al Annals of Surgery • Volume 240, Number 6, December 2004

© 2004 Lippincott Williams & Wilkins1076



Cholecystectomy
Numerous RCTs were performed on prophylactic

drainage after open cholecystectomy.14–24 All trials, includ-
ing the meta-analysis by Lewis et al,17 failed to demonstrate
a reduction of postoperative complications by routine drain-
age. Regarding the laparoscopic approach, only 2 RCTs were
identified, and both studies were primarily focused on the
effect of intraperitoneal gas drains.25,26 Gas drains are des-
ignated to remove remnant gas after laparoscopy that might
be responsible for postoperative nausea and pain. In 1 recent

study, 4 of 34 drained patients (11.7%) developed complica-
tions after laparoscopic cholecystectomy, whereas only 2 of
33 nondrained patients (6.1%) had complications; however,
this difference was not statistically significant.26 Gas drains
had no significant effect on postoperative nausea and pain in
this study. The other RCT demonstrated a benefit of gas
drains by reducing postoperative shoulder tip pain, but data
on complications after laparoscopic cholecystectomy were
not reported.25

Pancreatic Resection
We identified 1 RCT (level 1b)28 and 1 cohort study

(level 2b)27 that compared prophylactic drainage versus no
drainage after pancreatic resection for pancreatic cancer.
Both studies arose from a specialized institution (Memorial
Sloan-Kettering Cancer Center, New York, NY). The retro-
spective cohort study of 89 consecutive pancratico-duodenec-
tomies failed to demonstrate any benefit of prophylactic
drainage.27 In the RCT, 88 patients were randomized to
closed-suction drainage and 91 to no drainage after pancreatic
resection.28 Each patient had pancreatic cancer with a tumor
predominantly located in the head of the pancreas. In this
RCT, intraperitoneal drainage status had no influence on the
overall complication rate. Interestingly, the subgroup analysis
showed that drained patients had a significantly higher inci-
dence of intra-abdominal collections and fistulas (19 vs. 8
patients, P � 0.02). Thirteen patients were drained percuta-
neously due to intra-abdominal collections, and 8 of them
belonged to the intraperitoneal drainage group.

Esophageal, Gastric, and Duodenal Surgery
In contrast to hepato-pancreatico-biliary (HPB) and

lower GI tract surgery, neither prospective studies on pro-
phylactic drainage versus no drainage after esophageal and
gastric surgery could be identified by our literature search.
We found only 1 nonrandomized prospective cohort study
(level 2b) that examined the role of prophylactic drains after
surgery for perforated duodenal ulcer.29 In this study, 119
patients underwent surgery with omental patch technique for
perforated duodenal ulcer. Based on the surgeon’s decision,
75 patients received a prophylactic drain, whereas 44 patients
had no intraperitoneal drains after surgery. Drainage neither
reduced the incidence of intra-abdominal fluid collections
including abscesses nor the duration of hospital stay. Further-
more, there were a significant number of drain-related com-
plications such as drain tract infections (10.7%) and acute
intestinal obstruction (2.7%).

Colorectal Surgery
Currently, 8 RCTs on abdominal/pelvic drainage versus

no drainage after colorectal surgery have been published
(Tables 4 and 5). Three RCTs were classified as level 1b
studies, whereas the other 5 RCTs had a lower evidence level
(2b). Six of 8 RCTs included specific population of patients

FIGURE 1. Meta-analysis of RCTs comparing prophylactic
drain versus no drain after liver resection. Estimates of drain
effects of each study are presented on a log scale along with
the 95% CI. The weight of each study is reflected by the size of
square. Studies were analyzed according to the complication
end points bile collections (A), infected collections (B), and
pulmonary complications (C). The open diamond represents
the global estimate of the drain effect along with the 95% CI
(random-effects model). Test of heterogeneity is provided by
the �2-based Q statistic.
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based on the level of the anastomosis, such as supraperito-
neal,30,31 suprapromotory,32 or pelvic anastomosis,33,34,34a

whereas 2 RCTs were composed of a heterogeneous popula-
tion.35,36 The majority of trials30–32,34,31–35 studied only elec-

tive surgery, whereas 2 other also included emergency pro-
cedures.33,36 Emergency procedures were in the minority and
were equally represented in the drained and nondrained group
in both studies. All studies revealed a similar pattern of

TABLE 4. Characteristics of RCTs on Pelvic and Abdominal Drainage Versus no Drainage After Colorectal Surgery

Author,
year Level

Pts
No

Methods of
Random-

ization

Sample
Size

Calculation Anastomosis
Exclusion
Criteria Drain Type

Duration of
Drainage

Hoffmann,
1986 �31�

2b 60 Envelope No Supraperitoneal
anastomosis
(colocolic)

Colorectal
anastomosis

Open drain (Latex drain) 5 days

Johnson,
1989 �35�

2b 106 Patient’s year
of birth
(odd: drain,
even: no
drain)

No Colocolic, colorectal,
coloanal, ileocolic,
ileoanal

Not reported Open drain (Silastic
drain)

Variable (median
3 days)

Hagmueller,
1990 �30�

2b 113 Envelope No Colocolic, colorectal,
ileocolic

Low anterior rectal
resection,
emergency
procedures,
resection for
benign disease,
associated other
procedures

Open drain (Easy flow) Not reported

Sagar, 1993
�36�

1b 145 Envelope Yes Colocolic, colorectal,
ileocolic, ileorectal,
ileoanal

None Closed-suction (Redivac
drain)

3 or 5 days

Sagar, 1995
�33�

2b 100 Envelope No Pelvic anastomosis
(colorectal,
coloanal, ileoanal,
ileorectal)

Gross fecal
peritoneal
contamination,
hemostatic
packing

Closed-suction (Redivac
drain)

7 days

Merad, 1998
�32�

1b 317 Envelope Yes Suprapromotory
anastomosis
(ileocolic,
colocolic)

Resection without
anastomosis,
anastomosis in the
pelvis, colostomy
closure, abscess,
peritonitis,
emergency
procedures

Closed-suction or
Nonsuction

5 days

Merad, 1999
�34�

1b 494 Envelope Yes Pelvic anastomosis
(colorectal,
coloanal)

Resection without
anastomosis,
anastomosis above
S3, reversal of
Hartman’s
procedure,
abscess,
peritonitis,
inadequate
hemostasis,
emergency
procedures

Closed-suction (Redivac
drain)

5 days

Brown, 2001
[34a]

2b 59 Envelope No Infra-peritoneal rectal
anastomosis
(coloanal,
colorectal)

Preoperative
neodajuvant
radiotherapy

Closed-suction (Jackson-
Pratt)

3 days
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postoperative complications for drained and nondrained pa-
tients. Some studies noted higher wound infection rates in
drained patients;31,33,36 however, the 2 largest multicenter
series published recently showed comparable wound infec-
tion rates in drained and nondrained patients.32,34 Anasto-
motic leakage detected clinically or radiologically ranged
from 1% to 23%, and was not statistically significant between
drainage and no drainage. Differences in mortality among the
groups were unrelated to the anastomosis in the majority.

Despite some heterogeneity in anastomotic population,
drain type, and duration of drainage (Table 4) we performed
a new meta-analysis including all 8 RCTs (level 1b and 2b)
with pooled data from 717 drained and 673 nondrained
patients (Fig. 2). The analysis confirmed the results of a
previously published meta-analysis of 4 RCTs with pooled
data from 223 drained and 188 nondrained patients.37 A slight
advantage for nondrained patients in respect to clinical leak-
age (OR 1.38; CI 0.77–2.49) and wound infections (OR 1.41;
CI 0.87–2.29) was documented, although this advantage was
not statistically significant. Pulmonary complications were
comparable in both groups (OR 0.83; CI 0.52–1.32). More-
over, the meta-analysis by Urbach et al showed that in only 1
of 20 clinical leakages pus or feces emerged through the
drain,37 indicating that drains have a low sensitivity (5%) to
detect clinical leakage.

In light of the anastomotic heterogeneity among the
7 RCTs, the question arises whether the value of prophy-
lactic drains is different for pelvic and suprapromotoric anas-

tomosis. Although we did not perform a meta-analysis
on special anastomotic populations, the RCTs on pelvic
anastomosis33,34,34a and suprapromotoric anastomosis31,32

demonstrated no difference in complications between drained
and nondrained patients regarding both anastomotic levels
(Table 5).

Appendectomy
Appendectomy is the most common GI operation, usu-

ally performed for acute appendicitis. The stage of appendi-
citis can range from a simple acute type to a severe gangre-
nous or perforated form. Two RCTs investigated the value of
prophylactic drainage after open appendectomy for acute/
simple appendicitis.22,38 Although both arms (drainage, no
drainage) of the trials had a relatively large sample size (�90
patients each group), the studies were performed without a
power and sample size calculation and were therefore ranked
as level 2b (Table 6). One study reported a significantly
higher wound infection rate in drained patients with acute/
simple appendicitis,38 whereas the other study found similar
wound and intra-abdominal infection rates in drained and
nondrained patients (Table 7).22

The value of prophylactic drainage after appendectomy
might be different in the gangrenous and perforated form.
Five RCTs on prophylactic drainage for gangrenous and
perforated appendicitis were identified (Table 6). Because of
the same reasons mentioned above, the level of evidence was
classified as 2b in each RCT. The results showed higher

TABLE 5. Results of RCTs on Pelvic and Abdominal Drainage Versus no Drainage after Colorectal Surgery

Author, year �Ref.� Arm Pts No
Mortality

�%�
Leakagea

�%�
Wound

Infection �%�
Pulmonary

Complication �%�
Re-operation

�%�
Hospital

Stay �days�

Hoffmann, 1986 �31� Drain 28 0,0 7,1 14,3 21,4 - -
No Drain 32 6,7 10,0 6,7 26,7 - -

Johnson, 1989 �35� Drain 49 4,1 12,2 20,4 - 4,1 -
No Drain 57 1,7 10,5 17,5 - 5,3 -

Hagmueller, 1990 �30� Drain 60 1,7 6,7 3,3 1,7 3,3 14,9d

No Drain 53 1,9 1,9 1,9 0,0 0,0 13,3d

Sagar, 1993 �36� Drain 94e 9,6 23,4 9,6 9,6 - 12,0c

No Drain 51 1,9 17,6 5,9 11,8 - 13,0c

Sagar, 1995 �33� Drain 52 5,8 13,5 5,8 7,7 - 13,0c

No Drain 48 6,3 10,4 0,0 8,3 - 11,0c

Merad, 1998 �32� Drain 156 4,5 0,6 3,8b 4,5 5,1 -
No Drain 161 5,6 1,9 4,3b 5,0 7,4 -

Merad, 1999 �34� Drain 248 3,2 6,8 4,0b 4,0 8,1 -
No Drain 246 4,0 6,0 5,7b 5,3 4,9 -

Brown, 2001 [34a] Drain 31 3,2 9,7 16,1 6,4 - 7,0c

No Drain 28 3,6 17,6 10,7 7,1 - 7,5c

a, includes clinical and radiological leakage; b, includes also dehiscence and hernia; c, median hospital stay; d, mean hospital stay; e, drainage data are
summarized for 3-days-and 7-days-drains.
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wound infection rates in drained patients (range 43–85%)
than in nondrained patients (range 29–54%). The pattern of
intra-abdominal infections was not uniform among the stud-
ies, as 2 studies reported slightly higher intra-abdominal

infection rates in nondrained patients,39,40 1 study a higher
rate in drained patients,22 and another a similar rate in both
groups.41 Interestingly, the development of fecal fistulas was
only observed in drained patients with a rate ranging from 4.2
to 7.5%.

We performed a meta-analysis including series with
gangrenous or perforated appendicitis only. Four RCTs (all
level 2b) were included in the meta-analysis with the end point
wound infection, whereas data from 3 RCTs were available for
the end points intra-abdominal infection and fecal fistula (Fig.
3). The study by Haller et al was excluded from the meta-
analysis because the entire study population was composed of
pediatric patients, and the no-drainage group had additional
wound drainage.39 The analysis calculated an OR for wound
infections of 1.75 (CI 0.96–3.19). The OR for fecal fistulas of
12.4 (CI 1.14–135) favors the no-drainage group, whereas the
OR for the end point intra-abdominal infection of 1.43 (CI
0.39–5.29) favors neither group.

DISCUSSION
Only well-designed RCTs with adequate sample sizes

can provide convincing answers on the value of prophylactic
drainage to reduce and detect postoperative complications
after GI procedures. In the absence of a definitive review
study in this area, we conducted an exhaustive evidence-
based analyses based on the methodology from the Center of
Evidence-based Medicine to provide recommendations on the
use of prophylactic drainage in GI surgery (Table 1).6,7 The
data demonstrate that in many instances prophylactic drains
are useless or may even add to the morbidity or cost of a
procedure. The discussion will be presented separately for
HPB surgery and upper and lower GI tract surgery.

HPB Surgery
Currently, hepatic resection can be performed with

mortality rates below 5% and acceptable complication rates
of 16% to 31%.42,44,45 Subphrenic collections and biliary
fistulas/bilomas are still the most common intra-abdominal
complications after liver resection,43,44 and most surgeons
around the world still use prophylactic drains to prevent or
detect these complications at an early stage. Interestingly, the
available evidence contradicts this practice, as 3 RCTs from
a French, an American, and an Asian HPB center failed to
show any advantage for prophylactic drainage.10–12 For ex-
ample, 1 major finding of these RCTs and our meta-analysis
was that prophylactic drains did not prevent the occurrence of
bile collections. Thus, even if drains are initially productive,
they seem unable to evacuate bilomas completely. The im-
portant drawback of ascending infection associated with
drains may also occur in the setting of liver resection; a trend
toward increased rates of infected collections was observed in
the present analysis. Similar to colorectal surgery, drains also
failed to detect bile leakage or hemorrhage after liver resec-

FIGURE 2. Meta-analysis of RCTs comparing prophylactic
drain versus no drain after colorectal resection. Estimates of
drain effects of each study are presented on a log scale along
with the 95% CI. The weight of each study is reflected by the
size of square. Studies were analyzed according to the com-
plication end points clinical leakage (A), wound infections (B),
and pulmonary complications (C). The open diamond repre-
sents the global estimate of the drain effect along with the
95% CI (random-effects model). Test of heterogeneity is pro-
vided by �2-based Q statistic.
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TABLE 7. Results of RCTs on Abdominal Drainage Versus no Drainage After Appendectomy

Author, year
�Ref.�

Type of
Appendicitis Arm Pts No Antibiotics

Mortality
�%�

Wound
Infection �%�

Intraabdom.
Infection �%�

Fecal
Fistula �%�

Hospital
Stay

�days�a

Magarey, 1971 Acute (N � 193) Drain 96 Yes/No 0,0 62,0# - 0,0 -
[38] No Drain 97 Yes/No 0,0 18,0# - 0,0 -

Gangrenous or Drain 40 Yes/No 0,0 85,0# - 7,5 -
perforated
(N � 86)

No Drain 46 Yes/No 0,0 54,0# - 0,0 -

Haller, 1973 Perforated with Drain 24 Yes 8,3 - 12,5 - 17,9
[39] generalized

peritonitis
(N � 43)

No Drain 19* Yes 0,0 - 15,8 - 14,2

Stone, 1978 Simple or Drain 91 No - 6,6 3,3 Drain -
[22] suppurative

(N � 189)
No Drain 98 No - 7,1 2,0 3,6c -

Gangrenous or Drain 49 Yes - 42,9 44,9# No Drain -
perforated
(N � 94)

No Drain 45 Yes - 28,9 13,3# 0,0c -

Greenall, 1978 Perforated Drain 48 Yes/No 6,2 50,0 14,6 4,2 12,7
[40] (N � 103) No Drain 55 Yes/No 1,8 43,6 21,8 0,0 11,5

Dandapat, 1992 Perforated Drain 40 - 10,0 55,0b 20,0 5,0 -
[41] (N � 86) No Drain 46 - 2,2 50,0b 21,7 0,0 -

*These patients had wound drainage.
a, mean hospital stay; b, major wound sepsis; c, data refer to total study population (drain n � 140, no drain n � 143); #, p � 0.05 (�2 test).

TABLE 6. Characteristics of RCTs on Abdominal Drainage Versus no Drainage after Appendectomy

Author, year
�Ref.� Level

Pts
No

Methods of
Randomization

Sample
Size

Calculation
Underlying

Disease Exclusion Criteria Drain Type
Duration of

Drainage

Magarey, 1971
�38�

2b 279 Envelope No Any stage of
appendicitis
including
appendectomy of
normal appendix

Severe intraperitoneal
sepsis, drainage of
appendiceal abscess,
paramedian incision,
prior antibiotics,
pregnancy

Rubber drain Not reported

Haller, 1973
�39�

2b 43 Ending digit of
patient hospital
number (even:
drain, odd: no
drain)

No Perforated
appendicitis with
peritonitis

Not reported Penrose � 7 days

Stone, 1978
�22�

2b 283 Day of admission
(even: no drain,
odd: drain)

No Any stage of
appendicitis

Appendectomy in
abdominal trauma
and for presumed
appendicitis that
turned out negative

Penrose � 5 days

Greenall, 1978
�40�

2b 103 Not reported No Perforated
appendicitis

Appendceal abscess,
tender fixed mass in
the right iliac fossa

Rubber drain Not reported

Dandapat, 1992
�41�

2b 86 Not reported No Perforated
appendicitis

Not reported Rubber drain Not reported
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tion.12 In the current era of modern interventional radiology,
symptomatic collections can be safely and successfully man-
aged percutaneously in most cases. Thus, from this analysis
we conclude that the routine use of prophylactic drains after
elective liver surgery in both normal and diseased liver is no
longer jusitified (recommendation grade A). Moreover, it
seems that patients with chronic liver disease are particularly
prone to increased complications related to the drain.12

Cholecystectomy is the second most commonly per-
formed operation in GI surgery after appendectomy. The
limited data on the value of prophylactic drains for laparo-
scopic cholecystectomy is possibly related to the previous
evidence that such approach was not justified in the era of
open cholecystectomy (level 1a evidence).17 Only 2 RCTs
were performed after laparoscopic cholecystectomy with a
different focus on removing residual gas and decreasing
postoperative pain.25,26 Here also, gas drains failed to provide
any advantage. We conclude that routine prophylactic drain-
age is not indicated after open and laparoscopic cholecystec-
tomy (recommendation grade A).

Prophylactic drainage after pancreatic resection was
considered for a long time by many experts as mandatory to
detect and mainly control potential leaks, particularly from
the pancreato-jejunostomy anastomosis. This rule possibly
explains the paucity of data available on prophylactic drain-
age in pancreas surgery. This belief was recently challenged
by a RCT from a specialized institution with a highly selected
study population where prophylactic drainage failed to dem-
onstrate any benefit.29 However, the conclusion of this trial
can be applied only to pancreatic resection for pancreatic
cancer and cannot be accepted for pancreatic resections for
other diseases such as chronic pancreatitis. Additional well-
designed RCTs from other institutions are needed to provide
convincing information on the value of prophylactic drainage
after pancreatic resection.

Upper GI Tract Surgery
In contrast to HPB and lower GI tract surgery, very few

studies have focused on prophylactic drainage in upper GI
tract surgery. Esophageal resections are usually extended
procedures that are associated with significant mortality and
morbidity rates, often related to anastomotic leakage. In
contrast to the lower GI tract, intrathoracic leaks are poorly
surrounded by tissue, and thus the majority of leaks are
apparent and better detectable by a drain.46 Therefore, there is
a consensus that esophageal resections have to be drained and
failure to do so would likely be considered as malpractice in
most countries (level 5 evidence). Thus, the analysis con-
cludes that prophylactic intrathoracic drains should be used
routinely in esophageal surgery (recommendation grade D).

The fact that there are no studies on the value of
prophylactic drainage after gastric surgery was surprising
because gastric surgery constitutes a significant part of GI
surgery. Prophylactic drainage after total gastrectomy is a
common practice in many institutions. Drains are normally
placed in relation to the esophago-jejunostomy. Similarly to
esophageal resections, this practice is justified due to poten-
tially life-threatening mediastinitis in the case of disruption of
the transhiatal anastomosis that occurs in 3% to 11% of cases
(recommendation grade D).47 For distal gastrectomies and
gastric bypass surgery, the value of prophylactic drainage

FIGURE 3. Meta-analysis of RCTs comparing prophylactic
drain versus no drain after appendectomy for gangrenous or
perforated appendicitis. Estimates of drain effects of each
study are presented on a log scale along with the 95% CI. The
weight of each study is reflected by the size of square. Studies
were analyzed according to the complication end points intra-
abdominal infections (A), wound infections (B), and fecal
fistulas (C). The open diamond represents the global estimate
of the drain effect along with the 95% CI (random-effects
model). Test of heterogeneity is provided by �2-based Q
statistic.
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remains unclear. Therefore, evidence-based recommenda-
tions cannot be given for these procedures. This illustrates
that the field of gastric surgery needs well-designed RCTs on
prophylactic drainage.

Duodenal surgery with omental patch technique for
perforated duodenal ulcer appears to be safe without prophy-
lactic drainage,29 and routine drainage cannot be recom-
mended after this procedure (recommendation grade B).

Lower GI Tract Surgery
The value of prophylactic drainage in colorectal sur-

gery has been better investigated than in other GI procedures.
The available RCTs and our own meta-analysis point out that
the use of routine prophylactic drainage provides no benefit
after uncomplicated major colon and rectal surgeries.30–36

There was a trend favoring a no-drainage policy regarding
wound infection and the incidence of clinically apparent
anastomotic leakage. Similarly to liver resection, the studies
underscore the low sensitivity of drains in detecting leakage
and bleeding, questioning the putative warning function of a
prophylactic drain.12,40 The large variability of drainage du-
ration among the RCTs (3–7 days) may indicate the need for
future RCTs that are focused on drainage duration, especially
on short-term drainage (24–48 hours), which has not been
investigated yet. From this analysis, we conclude there is no
evidence that justifies routine drainage of colon and rectal
anastomosis after uncomplicated surgery (recommendation
grade A).

Similar conclusions can be drawn in appendectomy for
appendicitis. Neither simple/acute nor the gangrenous or
perforated appendicitis benefit from the routine use of pro-
phylactic drainage. Even considering the heterogeneity in the
antibiotic regimens used among the studies, drainage did not
reduce postoperative complications and even appeared harm-
ful in respect to the development of fecal fistula. We conclude
from the analysis that prophylactic drains should be avoided
in any stage of appendicitis (recommendation grade A).

In conclusion, the current review shows that many GI
operations can be performed safely without prophylactic drain-
age and that new guidelines on the use of prophylactic drainage
are necessary in many centers. The current review illustrates also
that there is further need for RCTs on prophylactic drainage for
many GI procedures, especially upper GI tract surgery.

Note: A recently published RCT (level 2b) has demon-
strated that prophylactic drainage failed to have any benefit
after subtotal or total gastrectomy with extended lymph node
dissection as compared to no drainage.48 The authors of this
RCT do not recommend prophylactic drainage on a routine
basis after gastric cancer surgery (recommendation grade
B). This study which is the first RCT on prophylactic drainage
in gastric surgery was published after the publication of this
manuscript was in process.
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Discussion
DR. JOHNSON: When I first started gastric surgery in the

1960s, I was told that if I drained my first 100 gastrectomies,
I would be wise enough to drain my next 100! There was an
understandable fear of abdominal sepsis in the days when
there was very little antibiotic cover and no scanning to detect
intra-abdominal collections. The hardest thing in surgery is to
stop something that has been done for years, and you must be
congratulated on looking at the evidence for drainage. How-

ever, it is disappointing that there is so little good data in an
area that lends itself to randomized controlled trials.

You mentioned that drains were put in for 3 rea-
sons—to drain residual contamination, to drain an early leak,
or to provide a track for late leaking. Did you look at the time
that drains were left in, because there is a great difference
between 24 hours and 10 days? Surgeons tend to use drains
when they are unhappy about the surgical technique—Were
there differences in technique between the different trials
used in meta-analysis? Thirdly, was there evidence about
whether the drains were actually functioning? Closed drains
tend to block, and open drains tend to contaminate the wound.
Perhaps the main value of this article is to counter those
lawyers who, advised by old-fashioned surgeons, blame lack
of drains for complications. Thank you very much for this
contribution.

DR. PETROWSKY: Thank you very much, Dr. Johnson,
for your nice comments and insight into this study. The
duration that drains were left in place varied from study to
study ranging between 3 and 7 days. We found only 1 study
that compared drainage left in place for 3 days versus 7 days
versus no drainage following colorectal surgery. In this study,
drains were found to be of no use, regardless of the duration
of drainage. Thus, how the duration of drainage influences
outcome remains open. Your second question is whether
different surgical techniques among studies may have influ-
enced the meta-analysis. Although we carefully selected
studies, which met similar criteria, there is an inherent degree
of heterogeneity among the trials. To address this issue in a
statistically correct manner, we used the random-effects
model, which considers “between-study” variability, rather
than the fixed-effects model, which assumes homogeneous
treatments and homogeneous study populations. Your third
question is whether closed drainage remained functional, as
you point out that such drainage tends to get blocked easily.
This information was not reported in detail in most studies.
Although we did not present the topic of open versus closed
drain in our paper, our insight into this topic indicates that
closed drains are superior, as open drainage without suction is
associated with higher infection rates.

DR. ADAM: I have been very impressed by your work,
and I first would like to thank you for the tremendous work
that this represents. I would like to say that this is probably
very useful for what our president has called general surgery.
I personally belong to a school that drains routinely all the
patients we have operated on. I think that your data has
reminded me of all the studies, and possibly we’ll change our
practice a little bit.

DR. BOZETTI: I would like to come back to the point
made by Dr. Johnson. I understand that you looked at what
the literature has to offer, but in my practice the most
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important point is not “to drain or not to drain,” but how long
to maintain a drain. If there is a possibility to distinguish this,
that would be quite interesting. Furthermore, I wonder if it is
correct to put together colon and rectal surgery. I think it
would be more correct to try to distinguish rectal surgery and
especially surgery involving a supraperitoneal anastomosis
from those that need pelvic anastomosis.

DR. PETROWSKY: Dr Bozetti, thank you for your com-
ments. As discussed above, your first question on the optimal
length a drain should be left in place would be an excellent
topic for a next trial; however, as mentioned above, such data
will be of interest only if a “no drain” group is available.
Next, is there a bias in lumping rectal and colon resections
together? We did not show the slide presenting the different
levels of anastomosis, but in Fig. 2 in the manuscript, we
observed similar drain effects among trials in colorectal
surgery, indicating a high degree of homogeneity. Addition-
ally, when we looked separately at studies of rectal and colon
surgery, we found that drains failed to reduce complications
following either supraperitoneal or pelvic anastomoses. Thus,
we conclude that drains may not be used; because of no help,
why should we use them?

DR. GOUMA: Dr. Petrowsky I also enjoyed your paper
very much, and I agree with most of the conclusions. I had the
opportunity to see the manuscript beforehand and I also
looked in more detail at the part you did not discuss today, for
example, drainage after cholecystectomy. In that part, the
evidence is based on studies written more than 20 years ago
only analyzing cholecystectomy, and they should not be
extrapolated for laparoscopic cholecystectomy.

Another controversy concerns pancreatic surgery. The
conclusion of drainage after pancreatic surgery is mainly
based on 1 randomized study from Sloan-Kettering in New
York. You should realize that in that particular study, mainly
patients with pancreatic carcinoma are included. All pancre-
atic surgeons know that patients with pancreatic cancer with
a pancreatic duct of 2 cm and a hard/firm pancreas do not
suffer from leakage and, indeed, you do not have to drain that
particular group of patients. But again, you cannot extrapolate
these data for patients with periampullary tumors or neuro-
endocrine tumors of the pancreas with a soft pancreas and
nondilated ducts.

So, we still should be cautious with conclusions from 1
trial of a particular subset of patients extrapolating to the
entire group of patients undergoing pancreatic surgery. But
again, I enjoyed the presentation and excellent analysis of
these studies.

DR. PETROWSKY: Dr Gouma, thank you for your ques-
tions. It is true that most data on cholecystectomy were
gathered in trials published more than 20 years ago, and thus

apply only to the open approach. The rationale for the lack of
data in the laparoscopic area is probably related to the feeling
by most that drains should not be used, as they failed to
provide a benefit after open surgery. We know only about 2
randomized trials in laparoscopic cholecystectomy, but these
trials were primarily focused on gas drains to prevent post-
operative pain. One of these trials reported also on postoper-
ative complications that were not significantly different for
drained and nondrained patients. Regarding pancreas surgery,
we fully agree with you on being cautious with the conclu-
sion. The only available trial was from a highly specialized
institution, Sloan-Kettering in New York, and was limited to
patients with pancreatic cancer. It is clear that further trials
are needed to reach any conclusion. Of note, the credit for no
drainage should go to Dr. Jeekel, who first published in
1992 a series of 22 patients who underwent a safe Whipple
procedure without drainage.

DR. BISMUTH: In some patients, in my experience, I get
the feeling that I have to drain and I do, and in some patients
I do not have to drain and I do not. In your study, your answer
is yes or no for all patients. Which study do we have to
perform to answer to the question, For a given operation,
which patient do you have to drain?

DR. CLAVIEN: Thanks, Dr. Bismuth, and each other
discussant for this lively debate. This discussion has clearly
reached his goal in that evidence-based medicine is not a
cookbook, as stated by Dr Petrowsky, but rather should serve
as a guideline for standardized procedures, and as a basis to
debate on specific cases. Of course, a surgeon who is dealing
with a situation which does not tone with the evidence-based
data should go for her/his own decision. What should be the
next study? I can think about many. I would favor a trial
testing the length of drainage (eg, no vs. 24 hour vs. 3–5 days
of drainage) in a situation where a drain may still appear
worthwhile, for example, following gastric, pancreas, or rec-
tal surgery. I would like also to take the opportunity to
underscore the need for us to better understand the method-
ology used in the complex field of evidence-based medicine.
While we need to accept a change in our practice, we have to
remain highly critical in interpreting the data. These studies
should be performed from the beginning in close collabora-
tion with a statistician who is familiar with such an approach,
for example, meta-analysis.

Finally, I would like to welcome the last point from Dr.
Johnson, in that data from evidence-based medicine might
help a surgeon facing a legal issue, but I would add that such
data should be used with great caution to demonstrate a
mistake, as our judgment remains the mainstay of our art to
treat a specific patient.

Annals of Surgery • Volume 240, Number 6, December 2004 Short-running Prophylactic Drainage in Gastrointestinal Surgery

© 2004 Lippincott Williams & Wilkins 1085


