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Effect of pelvic drain displacement on anastomotic
leakage-related morbidity after rectal cancer surgery
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Purpose: Drain insertion after proctectomy is common in clinical practice, although the effectiveness of
drains has been questioned. However, drains are commonly displaced after surgery. We hypothesized that
drain displacement is associated with clinical outcomes and aimed to assess differences in clinical
outcomes, such as overall morbidity, including anastomotic leakage (AL), reintervention rates, length of
hospital stay, and mortality rates, between patients who experienced displaced drains and those who did
not.

Methods: Rectal cancer patients who underwent proctectomy at a single institution between January 2015
and December 2020 were retrospectively reviewed. Clinical characteristics were compared between
patients who experienced displaced drains and those who did not. The primary endpoint was the
occurrence of reintervention in patients with AL. The secondary endpoints were overall morbidity rates,
AL rates, length of hospital stay, and mortality within 30 days.

Results: Among 248 patients who underwent proctectomy, 93 (37.5%) experienced displaced drains. A
higher proportion of patients who experienced displaced drains required reintervention due to AL than
those who did not experience displaced drains (odds ratio, 3.61; 95% confidential interval, 1.20-10.93; p =
0.016). However, no significant difference was found in the overall morbidity rate, mortality, and length of
hospital stay between the groups.

Conclusion: Drain displacement does not worsen outcomes such as overall morbidity rate, mortality, and
length of hospital stay after proctectomy but is associated with an increase in the need for reintervention in
patients with AL.
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INTRODUCTION

Anastomotic leakage (AL) is a serious complication that can oc-
cur after rectal cancer surgery. The rate of clinically significant
AL may be as high as 20% [1,2] and results in longer hospital stays
and higher mortality rates. Early detection and treatment of AL
after surgery is thus important for favorable clinical outcome of
rectal cancer surgery patients.

AL can be diagnosed using radiologic studies, laboratory
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findings, and/or physical examinations. Symptomatic AL is
diagnosed when there are clinical symptoms, such as fever and
abdominal pain, and when gas, feces, or pus emerges from the
drain.

Antibiotics and drainage of the reactive fluid are needed for
the treatment of AL after proctectomy. Reoperation may also be
required to treat pelvic sepsis caused by AL. Early detection and
treatment of AL are particularly important after proctectomy
[3-5].
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Surgeons have traditionally used drain insertion after bowel
surgery for the early detection of AL and removal of the infec-
tion source. Numerous studies have explored the clinical as-
sociation between drain insertion and reduction of subsequent
surgical complications such as AL and pelvic sepsis. Most studies
concluded that the benefits associated with drain insertion are
limited [6-10]. Despite this, drain insertion after bowel surgery is
widely used in practice.

Few studies, however, have considered the displacement of the
drain as a variable affecting clinical outcome. The drain some-
times moves from its original placement due to the patient’s posi-
tion change and gut peristaltic movement [10]. Displacement of
the drain is associated with ineffective drainage of the infection
source, which could explain the limited benefit of drain insertion
reported in recent studies.

This study aimed to assess differences in clinical outcomes,
such as the incidence of AL, reintervention rate, length of hospi-
tal stay, and mortality, between patients who experienced drain
displacement and those in whom the drain remained unmoved
after placement.

MATERIALS AND METHODS
Patients

This study included 248 rectal cancer patients who underwent
low anterior resection (LAR) at the department of colorectal
surgery in Yeungnam University Medical Center (Daegu, Korea)
between January 2015 and December 2020. We selected all pa-
tients over 20 years of age who had LAR, regardless of preopera-
tive chemoradiotherapy, clinical stage, or fecal diversion such as
a protective stoma. Patients who underwent emergency surgery,
additional colonic resection and anastomosis due to synchronous
colon cancer, abdominoperineal resection, or Hartman operation
were excluded. The study flowchart is shown in Fig. 1.

LAR (n = 276)
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Surgery

Surgeries were performed using open, laparoscopic, or robotic
techniques by four surgeons who specialized in colorectal can-
cer surgery. For most patients, preoperative bowel preparation
was achieved unless the patient had a bowel obstruction. The
surgical procedure was standardized radical surgery for malig-
nant colorectal cancer. Colorectal or coloanal anastomosis was
performed using the conventional double stapling technique
or hand-sewn technique for a few of the patients who needed
coloanal anastomosis. Temporary fecal diversion was used for
low rectal cancer or if directed by the surgeon. At the end of the
procedure, a drain was inserted into the pelvic cavity using a tro-
car port or small incision, with the tip of the drain placed near
the anastomosis line. The type of drain was a negative-pressure
silicon drain. The drain was removed either on the 7th day after
surgery or 1 day prior to discharge, provided there were no spe-
cific problems after dietary progression or once the hole of drain
had clotted.

Definition of drain displacement

We defined drain displacement as when the tip of the drain mi-
grated outside of the pelvic inlet or when the nearest surface of
the drain was more than 5 cm away from the anastomosis stapler
line in the radiologic study (Fig. 2).

Routine simple abdominal radiography was performed 2, 4,
and 6 days after the operation, with additional radiography be-
ing performed as required for clinical examination. Abdominal
computed tomography (CT) was performed when directed by
the surgeon or if there was a clinical symptom.

Definition of anastomotic leakage

Clinically, AL was diagnosed when gas, pus, or fecal material
emerged through the drain, wound, or vagina, or when anas-
tomotic disruption was detected by digital rectal examination,
endoscopy, or barium enema. Patients who had fever and leuko-

A

A

Excluded (n = 28)
Emergent operation (n = 3)
Hartmann operation (n = 15)
Synchronous colon cancer (n = 10)

Eligible for this study (n = 248)

A y

Displacement (n = 93) Non-displacement (n = 155)

Fig. 1. Study flowchart. LAR, low ante-
rior resection.
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cytosis with anastomotic site fluid collection in the CT scan were
also diagnosed with AL.

The severity of AL was graded according to the definitions
proposed by Rahbari et al. [11]. Grade A AL requires no change in
patient management. Grade B AL is manageable without reop-
eration and can be treated with active therapeutic intervention,
including radiologic intervention and medical therapy. Grade C
AL requires reoperation.

Endpoint

The primary endpoint of this study was the occurrence of rein-
tervention, such as percutaneous drainage or reoperation in pa-
tients with AL. The secondary endpoints were overall morbidity
rates as defined by Dindo et al. [12], AL rates, length of hospital
stay, and mortality within 30 days.

Statistical analysis

All statistical analyses were performed using IBM SPSS version
22.0. (IBM Corp. Armonk, NY, USA). Quantitative variables were
compared with Student t tests and qualitative variables were
compared with chi-square tests or Fisher exact tests. A p value of
<0.05 was considered to indicate statistical significance. Binary
logistic regression was used in univariate analysis.

RESULTS

Patient characteristics are listed in Table 1. A displaced drain
occurred in 93 patients (37.5%) of the 248 patients, and drain
displacement most frequently occurred on the second day after
surgery (Table 2).

Postoperative clinical outcomes are summarized in Table 3.
Grade B or higher AL occurred in 20 patients (21.5%) who experi-
enced a displaced drain and 27 patients (17.4%) in whom the drain
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Fig. 2. Abdominal radiograph after surgery. (A) An example of a non-
displaced drain and (B) a displaced drain.
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was not displaced. There was no significant difference between
these proportions (p = 0.427). Among the patients who developed
AL, reintervention, including percutaneous drainage, or reopera-
tion were performed significantly more frequently (p = 0.016) for
patients who experienced a displaced drain (10 of 93, 10.8%) than
for patients in whom the drain was not displaced (5 of 155, 3.2%)
(Table 4). Morbidity of Clavien-Dindo grade I or higher and the
average length of hospital stay were not significantly different
between patients who experienced a displaced drain and those
who did not (p = 0.815 and p = 0.939, respectively). There was
only one mortality within 30 days. This was a patient in whom

Table 1. Patient’s characteristics

Characteristic Displacement . Non- p value
displacement

No. of patients 93 155

Age (yr) 65.10+11.05 6559+11.59 0.162

Sex 0.426
Male 59 (63.4) 106 (68.4)

Female 34 (36.6) 49 (31.6)

Body mass index (kg/m*) 22.88+3.01  24.09+341 0414

ASA PS classification 0.174
- 84 (90.3) 147 (94.8)

[V 99.7) 8(6.2)

Tumor size, mm 4582 +315 4407 +3.31  0.591

Preoperative chemoradiotherapy >0.999
Yes 18 (19.4) 30 (19.9)

No 75 (80.6) 125 (80.6)

Surgical approach 0.294
Open 10(10.8) 24 (15.5)
Laparoscopy 83(89.2) 131 (84.5)

(including robot)

Operation time (min) 20413 +63.99 21716 +74.02 0.543

Fecal diversion 0.464
Yes 65 (69.9) 115(74.2)

No 28 (30.1) 40 (25.8)
Anastomotic height cm) ~ 5.39 + 2.09 545+195 0.389
TNM stage 0.443

0l 46 (49.5) 64 (41.3)

Il 36 (38.7) 68 (43.9)

| 11(11.8) 23 (14.8)

Values are presented as number only, mean + standard deviation, or

number (%).

ASA, American Society Anesthesiologists; PS, physical status.
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Table 2. Date of drain displacement Table 5. Predictive variables of anastomotic leakage
Day Displacement (n = 93) Anastomotic leakage
Variable
1 2(2.2) No. (%) OR(95%Cl)  pvalue
2 30 (32.3) Sex
3 21(226) Male 34(206) 151(0.71-3.21)
4 16(17.2) Female 13(15.7) 1.00 0.282
6 2(2.2) <65 22 (17.5) 1.00
/ 11(11.8) >65 25(205 096(0.48-1.93 0916
Values are presented as number (%). Body mass index (kg/m?)
<25 34 (20.6) 1.00
Table 3. Clinical outcome after surgery >25 13(15.7)  0.67 (0.32-1.41)  0.296
. Non- ASA PS classification
. Displacement
Variable (n=93) displacement  p value =l 42 (18.2) 1.00
(n=155) -V 5(294) 1.73(0.54-557) 0.361
Morbidity 38(40.9) 61(39.4) 0.815 PCRT
Anastomotic leakage 20 (21.5) 27 (17.4) 0.427 No 31 (15.5) 1.00
30-day mortality 00) 1(0.6) 0.438 Yes 16(33.3) 247(1.11-550) 0.026
Hospital stay (day) 1111 +£647 1084+6.46 0939 Anastomotic height (cm)
Values are presented as number (%) or mean + standard deviation. <5 28 (23.3) 1.00
>5 19(14.8) 0.64 (0.30-1.33)  0.231
Table 4. Reintervention after surgery Fecal diversion
Non- No 10(14.7) 1.00
Variable Dlsplzﬁ:grgent dlsplatie- p value Yes 37 (20.6) 0.92(0.38-2.25)  0.862
(n=93) me1n55 Tumor size (mm)
n=
. . ( ) <45 33(22.0) 1.00
Reintervention 10(10.8) 5@3.2) 0.016 45 14(143)  068(033-140) 0204
Percutaneous drainage 2(2.2) 1(0.6) 0.294 -
Drain displacement
Reoperation 8 (8.6) 4(2.6) 0.032 No 27 (17.4) 100
Yes 20(21.5) 1.23(0.62-2.42) 0.556

the drain was not displaced, and the cause of death was sudden
cardiac arrest likely to have been caused by acute myocardial
infarction. The predictive variables for AL are presented in Table
5. Patients who underwent preoperative chemoradiotherapy had
a significantly higher incidence of AL (odds ratio [OR], 2.47; 95%
confidence interval [CI], 111-5.50; p = 0.026).

The predictive variables for reintervention in patients with
AL are listed in Table 6. The incidence of reintervention was sig-
nificantly higher in patients who experienced a displaced drain
(OR, 3.61; 95% CI, 1.20-10.93; p = 0.016) and significantly lower in
patients aged >65 years (OR, 0.14; 95% CI, 0.30-0.61; p = 0.003).

OR, odds ratio; CI, confidence interval; ASA, American Society Anesthesi-
ologists; PS, physical status; PCRT, preoperative chemoradiotherapy.

DISCUSSION

To the best of our knowledge, this is the first study to assess the
effect of pelvic drain displacement after rectal cancer surgery on
the clinical outcomes of patients. Our results demonstrate that a
higher proportion of patients who experienced a displaced drain
required reintervention due to AL compared to patients in whom
the drain was not displaced. We, therefore, concluded that drain
insertion is not a worthless procedure, considering the risks and
benefits; however, it is important to determine a way to prevent
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Table 6. Predictive variables of reintervention in patients with anasto-
motic leakage

Reintervention
Variable p value
No. (%) OR (95% Cl)
Sex
Male 11(6.7)  1.49(0.44-4.57)
Female 4(4.8) 1.00 0.565
Age (yn)
<65 13(10.7) 1.00
>65 2(16) 0.14(0.30-0.61) 0.003
Body mass index (kg/m?)
<25 11(6.7) 1.00
>25 448  071(0.22-2.30) 0.565
ASA PS classification
I 14 (6.1) 1.00
(- 1(6.9 097(0.12-7.84) 0976
PCRT
No 11 (5.5 1.00
Yes 483  1.56(0.48-5.14)  0.460
Anastomotic height (cm)
<5 9(7.5 1.00
>5 6@7  061(0.21-1.76) 0.353
Fecal diversion
No 4(5.9 1.00
Yes 11(61) 1.04(0.32-3.39) 0.946
Tumor size (mm)
<45 10 (6.7) 1.00
>45 5(G1) 075(0.25-2.27) 0.610
Drain displacement
No 532 1.00
Yes 10(10.8) 3.61(1.20-10.93) 0.016

OR, odds ratio; Cl, confidence interval; ASA, American Society Anesthesi-
ologists; PS, physical status; PCRT, preoperative chemoradiotherapy.

the drain from being displaced.

As previously described, the effectiveness of drain insertion
remains debatable. A recent meta-analysis showed that a pelvic
drain lowered the incidence of AL and the rate of reintervention
in extraperitoneal colorectal anastomosis [3]. In contrast, a mul-
ticenter prospective randomized controlled trial concluded that
drain insertion had no benefit in the prevention of pelvic sepsis
[6]. However, no previous studies have considered drain displace-
ment as a variable affecting clinical outcome. Therefore, we
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focused on the effect of drain displacement on clinical outcomes,
rather than on the use of drain insertion per se.

Although studies describing the rate of drain displacement are
rare, Gilbert et al. [10] reported that 31.5% of patients who under-
went low abdominal surgery experienced drain displacement.
This is similar to our findings where the rate of drain displace-
ment was 37.5%. The reintervention rate in patients with AL in
our study was 6%, while other studies reported rates ranging
from 2% to 11% [6,13,14]. Reinterventions, including percutaneous
drainage and reoperation, were required in a significantly higher
proportion of the patients who experienced a displaced drain
than in those who did not experience a displaced drain (10.8%
vs. 3.2%). It is remarkable that the reintervention rate in patients
who experienced a displaced drain was similar or higher than
that reported in other studies [6,13,14]. Other studies [6,10] have
suggested that drain insertion does not reduce the frequency at
which reintervention is required. Throughout our study, how-
ever, we found that if the drain was well maintained and did not
get displaced, the need for reintervention could be reduced.

Except for the reintervention rate, clinical outcomes such as
morbidity, AL rate, 30-day mortality, and length of hospital stay
were not significantly affected by drain displacement. Despite
this lack of statistical power, however, clinical outcomes in pa-
tients who experienced a displaced drain tended to be worse. Pre-
venting reintervention is important, not only in terms of clinical
outcomes but also considering the socioeconomic cost and psy-
chological stress that the patient may experience.

It has also been argued that drain insertion may result in det-
rimental side effects, including wound and intra-abdominal in-
fections, postoperative pain, increased length of stay, and altered
ventilatory function due to drainage [15-19]. A small number
of case studies have also reported bowel perforation due to sili-
con drain [20]. In our study, however, there were no remarkable
drain-related complications except for one case of an infection
of the drain insertion site wound. We believe that the benefit of
preventing the need for reintervention due to AL outweighs the
risks of the above uncommon side effects. The drain insertion
procedure is also simple; therefore, we believe that it is feasible to
insert a drain during proctectomy.

There are limited studies on preventing drain displacement
after proctectomy. In our center, we have been using the intra-
peritoneal drain fixation method using an absorbable 3-0 stitch.
Among the few studies on intraperitoneal drain fixation, a ret-
rospective study on the effectiveness of intraperitoneal drain
fixation after distal pancreatectomy showed that it has a signifi-
cant pancreatic fistula reduction effect [21]. Therefore, favorable
results for intraperitoneal drain fixation after rectal surgery are
also expected; however, a follow-up study on its effectiveness is
needed.

There is another debate on reduction of AL incidence in pa-
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tients with fecal diversion. Previous studies have reported that
temporary ileostomy can reduce AL [2,4]. However, other studies
have reported that there is no statistically significant association
between AL and fecal diversion [5,6,13]. In our study, fecal diver-
sion did not influence AL, overall morbidity, 30-day mortality,
length of hospital stay, and reintervention. This result was ex-
cluded from the study because it was not the result we focused
on.

This study had several limitations. First, this study was a ret-
rospective study because drain displacement, as a variable, can
only be assessed after it has occurred. Second, routine abdomi-
nal radiographs were only taken 2, 4, and 6 days after surgery;
therefore, the exact day on which the drain was displaced could
not be determined. However, considering the risk of unnecessary
radiation exposure for the patient, it is not necessary to take ad-
ditional radiographs unless they are clinically required. Third,
CT was not performed for all the patients. Simple abdominal
radiography showed only a two-dimensional view; however, CT
could help determine the location of the drain more accurately
with a three-dimensional view, which was more effective for de-
tecting drain displacement. Because CT was only performed in
cases where intra-abdominal complications were suspected, such
as patients with clinical symptoms, leukocytosis, or elevated C-
reactive protein in laboratory tests, this could have introduced an
element of bias. Fourth, the incidence rate of AL in our study was
higher than that reported in previous studies [1,2]. The reason
for the higher AL rate in our study may be related to additional
CT examinations. The other studies that included early routine
evaluation of AL, such as CT, reported that the incidence rate of
AL was >20% [22,23]. In our study, abdominal CT was performed
when directed by the surgeon or if there was a clinical symptom.
There were many cases in which CT was performed at the sur-
geon’s discretion. Finally, the sample size of AL patients requiring
reinterventions was small.

In conclusion, the effectiveness of drainage has been ques-
tioned; however, this study suggests that drain displacement is an
important factor for patients with AL. A method to prevent dis-
placement should be devised, and additional research is required
to explore the effectiveness of pelvic drains when displacement
of the drain is prevented.
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