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Abstract

Background: Many surgeons routinely place intraperitoneal drains after elective colorectal surgery. However, enhanced recovery after
surgery guidelines recommend against their routine use owing to a lack of clear clinical benefit. This study aimed to describe
international variation in intraperitoneal drain placement and the safety of this practice.

Methods: COMPASS (COMPlicAted intra-abdominal collection$ after colorectal Surgery) was a prospective, international, cohort study
which enrolled consecutive adults undergoing elective colorectal surgery (February to March 2020). The primary outcome was the rate
of intraperitoneal drain placement. Secondary outcomes included: rate and time to diagnosis of postoperative intraperitoneal
collections; rate of surgical site infections (SSIs); time to discharge; and 30-day major postoperative complications (Clavien-Dindo
grade at least III). After propensity score matching, multivariable logistic regression and Cox proportional hazards regression were
used to estimate the independent association of the secondary outcomes with drain placement.

Results: Overall, 1805 patients from 22 countries were included (798 women, 44.2 per cent; median age 67.0 years). The drain insertion
rate was 51.9 per cent (937 patients). After matching, drains were not associated with reduced rates (odds ratio (OR) 1.33, 95 per cent c.i.
0.79 to 2.23; P=0.287) or earlier detection (hazard ratio (HR) 0.87, 0.33 to 2.31; P=0.780) of collections. Although not associated with
worse major postoperative complications (OR 1.09, 0.68 to 1.75; P=0.709), drains were associated with delayed hospital discharge
(HR 0.58, 0.52 to 0.66; P < 0.001) and an increased risk of SSIs (OR 2.47, 1.50 to 4.05; P < 0.001).

Conclusion: Intraperitoneal drain placement after elective colorectal surgery is not associated with earlier detection of postoperative

collections, but prolongs hospital stay and increases SSI risk.

Introduction

Peritoneal drains are placed after elective colorectal surgery in the
historical belief that they can provide diagnostic and therapeutic
benefit through prevention and early detection of anastomotic
leak or other intraperitoneal collections™?. However, recent
evidence suggests that drains can stimulate serous fluid
production, and may lead to an increased risk of surgical-site
infection (SSI) and adhesions, which in turn can result in poorer
postoperative pain control and mobility>*. Furthermore, drains
may have an impact on patient well-being owing to increased
discomfort and postoperative anxiety”.

Recent evidence has shown no effect on measured clinical
outcomes associated with drain placement after elective colorectal
surgery®™. Based on these findings, current enhanced recovery after
surgery (ERAS) guidelines strongly recommend against the routine
use of peritoneal drains after elective colorectal surgery™. Despite
these recommendations, the use of prophylactic drains remains
widespread, with data from the 2018 EuroSurg Collaborative
IMAGINE (Ileus Management International) study showing that 35
per cent of participating centres routinely used intraperitoneal
drains for the majority of elective colorectal procedures™".

The COMPASS (COMPlicAted intra-abdominal collectionS after
colorectal Surgery) study aimed to describe international
variation in practice regarding intraperitoneal drain placement
in elective colorectal surgery, and the associated effects on
postoperative outcomes.

Methods
Study design

COMPASS was a prospective, international, multicentre, cohort
study describing international variation in intraperitoneal
drain placement after colorectal surgery and the safety of this
practice. The protocol was developed by an international study
management group, with input from patient representatives
(Appendix S1)'?. This analysis was performed according to
STROBE reporting guidelines for observational studies”.
COMPASS was delivered by a student- and trainee-led
collaborative group using a collaborative model**. All hospitals
routinely performing colorectal surgery in Europe, Australasia,
and South Africa were eligible to enrol. Routine, anonymized
data were collected, with no change to clinical care pathways,
and confirmation of appropriate local and/or national regulatory

Received: September 11, 2021. Revised: February 11, 2022. Accepted: February 14, 2022

© The Author(s) 2022. Published by Oxford University Press on behalf of BJS Society Ltd.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

220z 1890y00 10 uo 3senb Aq £985559/02S/9/60 |/3101He/sla/woo dno-olwepeoe)/:sdiy wody papeojumod


mailto:sgroalessandro3@gmail.com
mailto:eurosurgstudents@gmail.com
mailto:@AlessandroSgr1
http://@EuroSurg
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znac069#supplementary-data
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/bjs/znac069

EuroSurg Collaborative | 521

approval was required before data collection according to
country-specific regulations. Data collection took place over
predefined 14-day data collection periods. Of the original five
data collection periods, only the first two were completed (3
February 2020 to 8 March 2020), and the later ones cancelled
because of the COVID-19 pandemic’®. To determine the
accuracy and completeness of data, an independent validation
exercise was preplanned. Data accuracy was determined by
assessing the accuracy of 10 planned data points (age, sex, ASA
classification, previous abdominal surgery, cardiovascular
disease, diabetes mellitus, operative approach, drain insertion,
postoperative major Clavien-Dindo complication, SARS-CoV-2
infection); case ascertainment was determined by assessing the
accuracy of participant eligibility.
Eligibility criteria
Consecutive adults (aged at least 18 years) undergoing elective
colorectal surgery for any indication (malignant or benign) were
eligible. However, this excluded: operations without colorectal
resection, or appendicectomies without more extensive colorectal
resection; operations that were not primarily colorectal
procedures (primarily urological, gynaecological or vascular
procedures, or major multivisceral surgery such as pelvic
exenteration); and operations without an abdominal incision
(such as transanal procedures). The full list of included
procedures can be found in the study protocol*?.

In response to the COVID-19 pandemic, retrospective validation
of the SARS-CoV-2 infection status of patients was conducted by a
collaborator independent of the original data collection team at
each site. All patients noted to have been diagnosed with a
preoperative SARS-CoV-2 infection (within 7 days) were also
excluded based on a positive laboratory test or chest CT, or
clinical diagnosis (no laboratory test or CT chest performed)*®.
Any patients diagnosed with postoperative SARS-CoV-2 infection
were still included.

Outcome measures

The primary outcome was the rate of intraperitoneal drain
placement. Secondary outcomes included: rate and time to
diagnosis (measured in whole days) of intraperitoneal
postoperative collections, defined as collections that altered the
normal postoperative course (for example requiring either
medical, radiological, endoscopic or surgical intervention)’; rate
of 30-day drain-specific complications including SSI (Centers for
Disease Control and Prevention definition’®), cutaneous
irritation at the drain site (defined by reversible damage to the
skin associated with rash, dry skin, itchiness, erythema, and/or
hives), small bowel evisceration and herniation of omentum
(defined by prolapse of small bowel and/or omentum through
the drain site after removal of the drain), and bowel injury
(defined by intraoperative identification or CT-proven
drain-related iatrogenic bowel perforation); overall 30-day
adverse event rates defined by the highest Clavien-Dindo
grade®®; and duration of postoperative hospital stay.

Explanatory variables

The main explanatory variable of interest was intraperitoneal
drain insertion. Inserted drains were classified as either:
indicated, because of a record of contaminated or dirty
surgery”’, excessive intraoperative blood loss or fluid collections
(owing to lack of standardized accurate measurements,
‘excessive’ was at the discretion of the data collector based on
operative notes and the surgeon’s verbal report), poor

vascularization of the anastomosis, or a positive air leak test; or
prophylactic, with the reason for insertion recorded as ‘surgeon
preference’, ‘prophylaxis for anastomosis’, or no reason identified.

Additional variables were collected to risk-adjust outcomes
for the following potential confounding factors: age; sex (M or F);
smoking status (current including those who stopped smoking
within 6 weeks, previous, or never); BMI (underweight (less than
18.5 kg/m?)-normal (18.5-24.9 kg/m?), overweight (25.0-30.0 kg/m?)
or obese (more than 30.0kg/m?); ASA classification (grade I-V);
cardiovascular and metabolic diseases (ischaemic heart disease,
cerebrovascular disease, peripheral artery disease, and diabetes
mellitus); previous abdominal surgery; immunosuppression status
(defined by use of any known immunosuppressive drug, current
chemotherapy or if the last chemotherapy cycle was within 12
weeks of operation); anticoagulation therapy (defined as the use of
any known antiplatelet or antithrombotic agent); operative
approach (open or minimally invasive) and indication (malignancy
or benign); transfusion of red cells; operative contamination
(clean-contaminated, contaminated or dirty’®); and intraoperative
complications (vascular or organ injury).

Statistical analysis

Patient demographics, perioperative variables, and outcomes
were compared for the three intraperitoneal drain groups (none,
drain indicated, prophylactic drain). Categorical variables were
cross-tabulated and compared using y° or Fisher's exact tests.
Continuous variables were summarized as median values and
compared using the Kruskal-Wallis test. For time-to-event data,
patients were censored at 30 days after surgery or when the
event of interest or death occurred.

Mixed-effects multivariable regression was performed to
derive risk-adjusted drain insertion rates, and to determine
whether drain placement (prophylactic or with indication) was
associated independently with the occurrence or timing of
postoperative complications. Logistic regression was used for
binary outcomes (occurrence of major postoperative
complications, postoperative intraperitoneal collections, and
SSIs) and Cox proportional hazards regression was used for
time-to-event data (time to discharge, and time to diagnosis of
intraperitoneal collections). For all models, clinically plausible
preoperative and perioperative factors associated with drain
insertion and clinical outcomes were incorporated into the
modelling approach as fixed effects, and hospital was used as a
random effect. Patients who had incomplete data for
explanatory variables were excluded from the analysis.
First-order interactions were checked and included in the model
if found to be influential, with final model selection performed
through minimization of the Akaike information criterion.

To investigate the association between drain placement (for
any indication) and clinical outcomes, propensity score
matching was used to minimize selection bias in terms of who
did or did not receive intraperitoneal drains. The propensity
score was defined as the probability that a patient would receive
a drain based on the same model as used to determine
risk-adjusted drain insertion rates. Unlike nearest-neighbour
propensity score matching approaches, which can lead to
inappropriate discarding of patient data, full matching was used
to allow multiple patients from each group to be matched
together (if appropriate) and weighted to achieve balance?’. The
balance in the preoperative and perioperative factors between
groups was assessed before and after using the absolute
standardized mean difference, and a value below 0.2 was
considered to indicate that a variable was well balanced
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between groups. Subsequent doubly robust estimation®’ was
performed through risk adjustment using multivariable
regression models, based on the same variables as used to
generate the propensity score.

All effect estimates are presented as odds ratios (ORs) for
binary outcome data and hazard ratios (HRs) for time-to-event
data, with 95 per cent confidence intervals. The threshold for
statistical significance was set a priori as P <0.050. All analyses
were undertaken using R version 3.4.4 (R Foundation for
Statistical Computing, Vienna, Austria) with the tidyverse,
finalfit, and finalpsm packages.

Results
Cohort characteristics

Of 2673 eligible patients from 22 countries, 1805 undergoing
elective colorectal surgery were included in the analysis (798
women, 44.2 per cent; median age 67.0 years) (Fig. 1 and
Table 1). The most common underlying indication for surgery
was malignancy (69.1 per cent), and colonic resections
comprised 49.4 per cent of the cohort; rectal resections
accounted for 29.8 per cent and stoma formation/closure for
20.7 per cent (Table 2). A full breakdown of operative
procedures and indications is provided in Tables S1 and S2.
Overall, 937 patients (51.9 per cent) received a drain, of whom
635 (67.8 per cent) had a prophylactic drain and 302 (32.2 per
cent) a drain with a defined indication. The reasons indicated
for drain placement were (inserted drains could have more
than 1 indication): excessive intraoperative fluid collection
(146 of 353, 41.4 per cent); contaminated or dirty surgery (99 of
353, 28.0 per cent); excessive intraoperative blood loss (67 of
353, 19.0 per cent); poor vascularization of the anastomosis
(35 of 353, 9.9 per cent); and a positive air leak test (6 of 353,
1.7 per cent). Data validation was performed using information
on 1470 patients (81.4 per cent of the cohort), with 95.1 per
cent data accuracy and 98.3 per cent case ascertainment.
Propensity score matching produced balanced, well matched
treatment groups (Table S3).

Intraperitoneal drain placement

Patients who did not receive a drain and those who received either
a prophylactic or indicated drain were comparable in terms of age,
sex, smoking status, BMI, diabetes mellitus, and history of
previous abdominal procedures (Table 1). Some differences in

Patients submitted to database
n=2673

baseline co-morbidities were noted; patients receiving a drain
with a defined indication had higher ASA grades and were more
frequently immunocompromised. A primary anastomosis was
created in 71.0 per cent of the cohort, with comparable rates
across drain groups (Table 2). Patients with drains more
frequently had a rectal resection, malignant pathology, an open
surgical approach, contaminated or dirty operations, and more
frequently had intraoperative complications.

Among all 937 intraperitoneal drains placed at 188 centres over
the study interval, the median rate of drain placement was 67.0
(i.g.r. 37.2-100) per cent (Fig. 2a). This substantial variation in
practice could not be explained based on case mix following
adjustment using a mixed-effects logistic regression model
(median 62.0 (27.2-86.4) per cent) (Fig. 2b).

Postoperative outcomes

On univariable analysis, the overall 30-day mortality and
postoperative SARS-CoV-2 infection rates were comparable
between groups. However, those who received drains had a
longer postoperative hospital stay (Table 3 and Fig. S1a), and this
persisted on Cox proportional hazard regression, which
demonstrated a lower hazard of discharge for those with
prophylactic drains (HR 0.82, 95 per cent c.i. 0.71 to 0.96; P=
0.012) (Fig. 3a, Table 4, and Table S4). This association was even
more pronounced following propensity score matching as
patients with a drain were almost half as likely to be discharged
on a given day than those without (HR 0.58, 0.52 to 0.66; P <
0.001) (Table S5).

Before risk adjustment, there was a higher rate of SSI (9.4 versus
6.3 per cent; P=0.022), major postoperative complications (8.5
versus 5.4 per cent; P=0.014), and intraperitoneal collections (6.8
versus 3.5 per cent; P=0.002) among patients who received
drains. However, there was no difference in time to diagnosis of
collections (median 7.0 versus 6.0 days; P=0.188) (Fig. S1b). After
adjustment using mixed-effects models, none demonstrated
significant differences between those who did or did not receive
a drain for either prophylactic or indicated reasons (Fig. 3b,
Table 3 and Tables S6-S9). After confounding by indication had
been accounted for in the propensity score-matched model,
drain insertion was associated with 2.5-fold higher odds of SSI
(OR 2.47, 1.50 to 4.05; P<0.001) (Table S10). No differences were
shown for major postoperative complications, postoperative
intraperitoneal collections, or time to diagnosis of collections
(Tables S11-S13).

v

Excluded n=868
Preoperative SARS-CoV-2 diagnosis n=6
Ineligible procedure n=77
Incomplete record n=20
Subcutaneous drain n=37
Emergency surgery n=728

A 4

Included in analysis
n=1805

Fig. 1 Study flow diagram
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Table 1 Preoperative variables stratified by intraperitoneal drain placement

No drain (n=868) Prophylactic drain (n=635) Drain with indication (n=302)  Total (n=1805) P}
Age (years)* 67.0 (56.0-74.0) 65.0 (54.0-74.5) 69.0 (55.0-75.0) 67.0 (55.0-74.0)  0.225§
Sex 0.054
F 406 (46.8) 274 (43.1) 118 (39.1) 798 (44.2)
M 462 (53.2) 361 (56.9) 184 (60.9) 1007 (55.8)
Smoking status 0.470
Never 404 (46.5) 324 (51.0) 139 (46.0) 367 (48.0)
Previous 233 (26.8) 176 (27.7) 74 (24.5) 483 (26.8)
Currentt 113 (13.0) 81 (12.8) 49 (16.2) 243 (13.5)
Missing 118 (13.6) 54 (8.5) 40 (13.2) 212 (11.7)
BMI (kg/m?) 0.146
Underweight-normal 332 (38.2) 229 (36.1) 129 (42.7) 690 (38.2)
Overweight 305 (35.1) 255 (40.2) 111 (36.8) 671 (37.2)
Obese 187 (21.5) 138 (21.7) 52 (17.2) 377 (20.9)
Missing 44 (5.1) 13 (2.0) 10 (3.3) 67 (3.7)
ASA fitness grade 0.001
I-11 609 (70.2) 437 (68.8) 179 (59.3) 1225 (67.9)
M-V 254 (29.3) 198 (31.2) 123 (40.7) 575 (31.9)
Missing 5(0.6) 0 (0) 0 (0) 5(0.3)
Previous abdominal surgery 0.133
No 423 (48.7) 328 (51.7) 135 (44.7) 886 (49.1)
Yes 444 (51.2) 307 (48.3) 167 (55.3) 918 (50.9)
Missing 1(0.1) 0 (0) 0 (0) 1(0.2)
Previous stoma 0.248
No 671 (77.3) 514 (80.9) 239 (79.1) 1424 (78.9)
Yes 196 (22.6) 121 (19.1 63 (20.9) 380 (21.1)
Missing 1(0.1) 0 (0) 0 (0) 1(0.2)
Anticoagulation <0.001
No 638 (73.5) 525 (82.7) 236 (78.1) 1399 (77.5)
Yes 230 (26.5) 109 (17.2) 66 (21.9) 405 (22.4)
Missing 0 (0) 1(0.2) 0 (0) 1(0.1)
Diabetes mellitus 0.697
No 739 (85.1) 531 (83.6) 251 (83.1) 1521 (84.3)
Non-IDDM 105 (12.1) 81 (12.8) 40 (13.2) 226 (12.5)
IDDM 20 (2.3) 20 (3.1) 11 (3.6) 51(2.8)
Missing 4(0.5) 3(0.5) 0(0) 7(0.4)
Cardiovascular disease 0.016
No 715 (82.4) 551 (86.8) 242 (80.1) 1508 (83.5)
Yes 153 (17.6) 84 (13.2) 60 (19.9) 297 (16.5)
Immunosuppression status 0.002
No 771 (88.8) 534 (84.1) 247 (81.8) 1552 (86.0)
Yes 96 (11.1) 100 (15.7) 55 (18.2) 251 (13.9)
Missing 1(0.1) 1(0.2) 0 (0) 2(0.1)

Values in parentheses are percentages unless otherwise indicated; *values are median (i.q.r.). fIncludes those who stopped smoking within 6 weeks. IDDM,
insulin-dependent diabetes mellitus. 15 or Fisher’s exact test, except §Kruskal-Wallis test.

Discussion

Intraperitoneal drain placement in elective colorectal surgery
is a longstanding yet controversial practice. RCTs and meta-
analyses®”??*?* have demonstrated no benefit of routine
drainage after elective colorectal surgery in terms of patient
recovery or earlier detection of complications. However, this
international prospective observational study found that
intraperitoneal drain placement after elective colorectal surgery
remains widespread, despite current guidelines recommending
against their routine use™®.

Intraperitoneal drain placement after elective colorectal surgery
has historically been thought to prevent and improve detection of
intraperitoneal ~ complications™?.  Following  multivariable
adjustment in the present cohort, there was no difference in the
odds of detection of postoperative major complications or,
specifically, intraperitoneal collections for patients who had a
drain inserted (overall, or whether considered indicated or
prophylactic). Similarly, there was no difference in the time to
diagnosis of intraperitoneal collections. Previous studies®®?*2°
reached similar conclusions, and showed that drains did not
decrease anastomotic leakage, morbidity, reoperation rates, and

mortality after elective colorectal surgery. Therefore, COMPASS
strengthens the evidence for lack of clinical benefit from routine
drain placement after elective colorectal surgery.

The potential for harm from intraperitoneal drain insertion
cannot be disregarded given that this remains an invasive
procedure. There is evidence to suggest that drains may disrupt
wound healing and even promote infection®. Although the
occurrence of SSI in those who receive intraperitoneal drains is
often heavily confounded by indication, following propensity
score matching, drain insertion was associated with a 2.5-fold
increased risk of SSI. In the literature, there is mixed evidence,
with older studies®®?” suggesting no difference in SSI rates with
use of drains, but more recent evidence*”*?° pointing to an
associated increase. Furthermore, particularly with the advent
of ERAS guidance’, it has been recognized that the presence of
drains is associated with increased pain and reduced mobility,
potentially leading to increased respiratory complications>*°. In
the present cohort, patients receiving drains had a longer
hospital stay. This outcome is rarely reported in the literature;
older evidence’®*! suggested that drain placement has no
significant effect on duration of hospital stay, but more recent
data®? suggest it can be associated with delayed hospital

220z 1890y00 10 uo 3senb Aq £985559/02S/9/60 |/3101He/sla/woo dno-olwepeoe)/:sdiy wody papeojumod



524 |

BJS, 2022, Vol. 109, No. 6

Table 2 Intraoperative variables stratified by intraperitoneal drain placement

No drain Prophylactic drain ~ Drain with indication Total Pt
(n=868) (n=635) (n=302) (n=1805)

Underlying pathology 0.002
Benign 302 (34.8) 168 (26.5) 86 (28.5) 556 (30.8)

Malignancy 565 (65.1) 467 (73.5) 216 (71.5) 1248 (69.1)
Missing 1(0.1) 0 (0) 0 (0) 1(0.1)

Perforated bowel 0.007
No 855 (98.5) 621 (97.8) 288 (95.4) 1764 (97.7)

Yes 13 (1.5) 14 (2.2) 14 (4.6) 41 (2.3)

Type of surgery <0.001
Colonic resection 482 (55.5) 275 (43.3) 135 (44.7) 892 (49.4)

Rectal resection 138 (15.9) 275 (43.3) 124 (41.1) 537 (29.8)
Stoma formation/closure 248 (28.6) 83(13.1) 43 (14.2) 374 (20.7)
Missing 0 (0) 2(0.3) 0 (0) 2(0.1)

Operative approach <0.001
Minimally invasive 522 (60.1) 308 (48.5) 113 (37.4) 943 (52.2)

Open 346 (39.9) 326 (51.3) 189 (62.6) 861 (47.7)
Missing 0 (0) 1(0.2) 0 (0) 1(0.1)

Operative contamination <0.001
Clean-contaminated 824 (94.9) 608 (95.7) 248 (82.1) 1680 (93.1)
Contaminated/dirty 42 (4.8) 26 (4.1) 54 (17.9) 122 (6.8)

Missing 2(0.2) 1(0.2) 0 (0) 3(0.2)

Duration of operation (min)* 160.0 (105.0-215.0)  210.0 (150.0-285.0) 200.0 (145.0-276.5) 180.0 (120-248.8)  <0.001%

Intraoperative anastomosis 0.911
No 250 (28.8) 180 (28.3) 90 (29.8) 520 (28.8)

Yes 616 (71.0) 453 (71.3) 212 (70.2) 1281 (71.0)
Missing 2(0.2) 2(0.3) 0 (0) 4(0.2)

Intraoperative vascular or organ injury <0.001
No 836 (96.3) 615 (96.9) 265 (87.7) 1716 (95.1)

Yes 31 (3.6) 20 (3.1) 37 (12.3) 88 (4.9)
Missing 1(0.1) 0 (0) 0 (0) 1(0.1)

Intraoperative blood transfusion <0.001
No 858 (98.8) 615 (96.9) 273 (90.4) 1746 (96.7)

Yes 10 (1.2) 19 (3.0) 29 (9.6) 58 (3.2)
Missing 0 (0) 1(0.2) 0 (0) 1(0.1)

Values in parentheses are percentages unless otherwise indicated; *values are median (i.q.r.). 1> or Fisher’s exact test, except $Kruskal-Wallis test.
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discharge. Although not directly assessed in this study, the use of
drains could suggest overall low compliance with an ERAS
protocol. Therefore, it is unclear whether the association
between drain placement and longer hospital stay in this study
was directly related to drain placement alone, or confounded by

decreased compliance with other non-drain-related ERAS
recommendations. High-quality randomized data in an ERAS
context may provide definite answers to this question.

This study represents a large prospective, international data
set on the topic of intraperitoneal drain insertion in elective
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Table 3 Thirty-day postoperative outcomes, by intraperitoneal drain insertion
No drain Intraperitoneal drain insertion
(n=2868)
All drains Pt§ Prophylactic Indication P19
(n=937) (n=635) (n=302)
Surgical-site infection 0.022 0.059
No 798 (91.9) 837 (89.3) 566 (89.1) 271 (89.7)
Yes 55 (6.3) 88 (9.4) 60 (9.4) 28 (9.3)
Missing 15 (1.7) 12 (1.3) 9(1.4) 3(1.0)
Surgical-site infection at drain site
No - 897 (95.7) 608 (95.8) 289 (95.7)
Yes - 28 (3.0) 18 (2.8) 10 (3.3)
Missing - 12 (1.3) 9(1.4) 3(1.0)
Postoperative intraperitoneal collections 0.002 0.003
No 819 (94.4) 858 (91.6) 583 (91.8) 275 (91.1)
Yes 30 (3.5) 64 (6.8) 39 (6.1) 25 (8.3)
Missing 19 (2.2) 15 (1.6) 13 (2.0 2(0.7)
Time to diagnosis of postoperative intraperitoneal 6.0 (4.0-9.0) 7.0 (4.0-10.0) 0.188 7.0 (4.2-12.8)f 7.0 (4.0-9.0) 0.311¢
collections (days)*
Postoperative major complications (Clavien-Dindo III-V) 0.014 0.015
No 803 (92.5) 845 (90.2) 576 (90.7) 269 (89.1)
Yes 47 (5.4) 80 (8.5) 49 (7.7) 31(10.3)
Missing 18 (2.1) 12 (1.3) 10 (1.6) 2(0.7)
Postoperative diagnosis of SARS-CoV-2 infection 0.339 0.226
No 866 (99.8) 931 (99.4) 632 (99.5) 299 (99.0)
Yes 2(0.2) 6 (0.6) 3(0.5) 3(1.0)
Admission outcome 0.143 0.131
Discharged 823 (94.8) 876 (93.5) 596 (93.9) 280 (92.7)
Ongoing 22 (2.5) 38 (4.1) 22 (3.5) 16 (5.3)
Died 5 (0.6) 3(0.3) 1(0.2) 2(0.7)
Missing 18 (2.1) 20 (2.1 16 (2.5) 4(13)
Duration of hospital stay (days)* 6 (4-9) 8 (6-12) <0.001% 8 (6-12) 8 (6-13) <0.001%

Values in parentheses are percentages unless otherwise indicated; *values are median (i.q.r.). T* or Fisher’s exact test, except $Kruskal-Wallis test.
SNo drain versus drain; "no drain versus prophylactic drain versus drain with no indication.
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Fig. 3 Adjusted time-to-event curves stratified by intraperitoneal drain placement

a Time to discharge and b time to diagnosis of intraperitoneal collection.

Time after surgery (days)

colorectal surgery. It provides insight into the outcomes
associated with both prophylactic and indication drain
insertion, and provides robust adjustment for confounding by
indication through propensity score matching. However, there
are also several important limitations to this work. This was an
observational study, with drain placement being at the
discretion of the surgeon. Therefore, although selection bias
regarding who received drains was accounted for, this was
limited to the variables measured and so there is a persistent

risk that unobserved factors may still be confounding the
results. Data on decision to insert a drain were collected
predominantly from clinical notes according to documentation
by the surgical team. Different surgeons may have different
thresholds as regards indications for drain insertion, other
indications not specified in COMPASS, and also may not
routinely document the specific indication in hospital records.
To mitigate potential heterogeneity and disclosure bias in
indication, the propensity score-matched cohort was analysed
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Table 4 Summary of mixed-effects multivariable logistic and Cox proportional hazards regression models of drain-related outcomes
within 30 days of surgery, before and after propensity score matching

Univariable analysis

Multilevel analysis Propensity score-matched

analysis
Odds/hazard P Odds/hazard P Odds/hazard P
ratio ratio ratio

Multivariable logistic regression
Postoperative major complications (Clavien-Dindo
1I-1V)
Prophylactic drain
Drain with indications
All drains

Postoperative intraperitoneal collections
Prophylactic drain
Drain with indications
All drains

Surgical-site infection
Prophylactic drain
Drain with indications
All drains

Cox proportional hazards regression

Time to discharge

Prophylactic drain

Drain with indications

All drains
Time to diagnosis of postoperative intraperitoneal
collection

Prophylactic drain

Drain with indications

All drains

1.45 (0.96, 2.20) 0.077
1.97 (1.22, 3.15) 0.005
1.61 (1.07, 2.45) 0.023

1.83 (1.12, 2.99) 0.015
2.48 (1.42,4.29) 0.001
2.17 (1.34, 3.64) 0.002

1.54 (1.05, 2.26) 0.027
1.50 (0.92, 2.39) 0.095
1.57 (1.08, 2.30) 0.020

0.73 (0.66, 0.82)
0.65 (0.57, 0.75)
0.71 (0.64, 0.79)

0.61(0.37,1.00)  0.049
0.95(0.55,1.63)  0.851
0.78(0.48,1.28)  0.324

1.16 (0.72,1.87)  0.548
1.08 (0.60, 1.93)  0.807
1.09 (0.68, 1.75) 0.709

1.64(0.93,2.91) 0.088
1.80(0.88,3.67)  0.109
1.33(0.79, 2.23) 0.287

1.28(0.82,1.99) 0.270
1.17 (0.67,2.05)  0.581

2.47 (1.50,4.05)  <0.001
<0.001 0.82(0.71,096) 0.012
<0.001 0.86(0.72,1.03) 0.102
<0.001 0.58 (0.52,0.66)  <0.001

0.87 (0.52, 1.47)  0.606
1.03(0.59,1.81)  0.924
087(0.33,2.31)  0.780

Values in parentheses are 95 per cent confidence intervals. Odds ratios are shown for multivariable logistic regression analyses and hazard ratios for Cox

proportional hazards regression analyses. The reference group is no drain.

as naive to the recorded indication. Finally, it must be recognized
that COMPASS overlapped with the onset of the COVID-19
pandemic outbreak. This not only limited the intended period of
data collection, but also potentially introduced an unanticipated
confounding factor for postoperative morbidity and mortality*®.
The impact on the present results was minimized by
undertaking a validation of the included data, with assessment
of SARS-CoV-2 infection rates. There were minimal recorded
postoperative cases with no difference across the drain groups
(Table 3).

Despite clear evidence and ERAS guidelines®”?1%2% this large
multicentre, international, prospective, cohort study has found
that intraperitoneal drain insertion continues to remain
common practice internationally in elective colorectal surgery.
In the absence of clear evidence of clinical benefit, yet evidence
of potential harm to patients, surgeons should ensure that any
drain placed is specifically indicated (with the rationale
documented). Deimplementation strategies at organizational
and surgeon levels should be considered regarding the use of
intraperitoneal drain placement in elective colorectal surgery®.
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