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Comparison of Decompressing Stoma vs Stent as a Bridge to Surgery
for Left-Sided Obstructive Colon Cancer
Joyce V. Veld, MD, MSc; Femke J. Amelung, MD, PhD; Wernard A. A. Borstlap, MD, PhD;
Emo E. van Halsema, MD, PhD; Esther C. J. Consten, MD, PhD; Peter D. Siersema, MD, PhD;
Frank ter Borg, MD, PhD; Edwin S. van der Zaag, MD, PhD; Johannes H. W. de Wilt, MD, PhD;
Paul Fockens, MD, PhD; Wilhelmus A. Bemelman, MD, PhD; Jeanin E. van Hooft, MD, PhD, MBA;
Pieter J. Tanis, MD, PhD; for the Dutch Snapshot Research Group

IMPORTANCE Bridge to elective surgery using self-expandable metal stent (SEMS) placement
is a debated alternative to emergency resection for patients with left-sided obstructive colon
cancer because of oncologic concerns. A decompressing stoma (DS) might be a valid
alternative, but relevant studies are scarce.

OBJECTIVE To compare DS with SEMS as a bridge to surgery for nonlocally advanced
left-sided obstructive colon cancer using propensity score matching.

DESIGN, SETTING, AND PARTICIPANTS This national, population-based cohort study was
performed at 75 of 77 hospitals in the Netherlands. A total of 4216 patients with left-sided
obstructive colon cancer treated from January 1, 2009, to December 31, 2016, were identified
from the Dutch Colorectal Audit and 3153 patients were studied. Additional procedural and
intermediate-term outcome data were retrospectively collected from individual patient files,
resulting in a median follow-up of 32 months (interquartile range, 15-57 months). Data were
analyzed from April 7 to October 28, 2019.

EXPOSURES Decompressing stoma vs SEMS as a bridge to surgery.

MAIN OUTCOMES AND MEASURES Primary anastomosis rate, postresection presence of a
stoma, complications, additional interventions, permanent stoma, locoregional recurrence,
disease-free survival, and overall survival. Propensity score matching was performed
according to age, sex, body mass index, American Society of Anesthesiologists score, prior
abdominal surgery, tumor location, pN stage, cM stage, length of stenosis, and year of
resection.

RESULTS A total of 3153 of the eligible 4216 patients were included in the study (mean [SD]
age, 69.7 [11.8] years; 1741 [55.2%] male); after exclusions, 443 patients underwent bridge to
surgery (240 undergoing DS and 203 undergoing SEMS). Propensity score matching led to 2
groups of 121 patients each. Patients undergoing DS had more primary anastomoses (104 of
121 [86.0%] vs 90 of 120 [75.0%], P = .02), more postresection stomas (81 of 121 [66.9%] vs
34 of 117 [29.1%], P < .001), fewer major complications (7 of 121 [5.8%] vs 18 of 118 [15.3%],
P = .02), and more subsequent interventions, including stoma reversal (65 of 113 [57.5%] vs
33 of 117 [28.2%], P < .001). After DS and SEMS, the 3-year locoregional recurrence rates
were 11.7% for DS and 18.8% for SEMS (hazard ratio [HR], 0.62; 95% CI, 0.30-1.28; P = .20),
the 3-year disease-free survival rates were 64.0% for DS and 56.9% for SEMS (HR, 0.90;
95% CI, 0.61-1.33; P = .60), and the 3-year overall survival rates were 78.0% for DS and 71.8%
for SEMS (HR, 0.77; 95% CI, 0.48-1.22; P = .26).

CONCLUSIONS AND RELEVANCE The findings suggest that DS as bridge to resection of
left-sided obstructive colon cancer is associated with advantages and disadvantages
compared with SEMS, with similar intermediate-term oncologic outcomes. The existing
equipoise indicates the need for a randomized clinical trial that compares the 2 bridging
techniques.
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A substantial number of patients with colon cancer pre-
sent with a colonic obstruction. These patients have an
increased risk of postoperative morbidity and mortal-

ity if resection is performed in the emergency care setting.1 Pa-
tients with left-sided obstructive colon cancer (LSOCC) are of-
ten older and frail, with a deteriorated clinical condition
because of inadequate oral intake. A distended bowel im-
pedes laparoscopic surgery in this context.2 These observa-
tions have led to (inter)national guidelines recommending a
bridge to elective surgery (BTS) approach in older and frail pa-
tients with LSOCC.3,4 A BTS can be accomplished by self-
expandable metal stent (SEMS) placement or decompressing
stoma (DS) construction.

Implementation of SEMS as a BTS in routine practice is still
hampered by oncologic concerns, at least in the Netherlands.5

These concerns include a high risk of tumor cell dissemina-
tion attributable to tumor manipulation and locoregional re-
currence after stent- or guidewire-related perforations.6,7 How-
ever, a recent meta-analysis8 did not confirm an association
of SEMS with decreased survival compared with emergency
surgery.

The DS technique revealed fewer permanent stomas and
more primary anastomoses than emergency resection.9 Com-
pared with SEMS, the tumor is left untouched without poten-
tial oncologic risks.10 However, studies on DS are limited, with
a significant number of studies published before 1995.11-14 This
lack of data might reflect infrequent use of DS in daily prac-
tice probably because of the need for an additional procedure
for stoma reversal (3-stage) and the risk of stoma prolapse and
other stoma-related complications.

In contrast to numerous studies15-17 comparing SEMS with
emergency resection, there is almost no literature comparing
the 2 BTS techniques. To provide more evidence regarding
which BTS option is preferable, the aim of the current study
was to compare DS with SEMS as a BTS for LSOCC in a large
national cohort using propensity score matching.

Methods
Study Design and Population
For this cohort study, a collaborative research project was per-
formed in the Netherlands under the umbrella of the Dutch
Snapshot Research Group according to a predefined protocol.18

Short-term outcomes of 3879 patients who had a resection of
LSOCC from January 1, 2009, to December 31, 2016, were re-
trieved from the Dutch Colorectal Audit (DCRA). From August
1, 2017, to December 31, 2017, surgical residents extended this
database with additional diagnostic, procedural, and inter-
mediate-term outcome data gathered from original patient
files under the supervision of 1 or 2 consultant surgeons. Sub-
sequently, the supplied data were checked for discrepancies and
missing values, which were communicated to the collabora-
tors to recheck and complete the data.19 Data were analyzed from
April 7 to October 28, 2019. This study was approved by the in-
stitutional review board of the Academic Medical Center in Am-
sterdam, the Netherlands. Because of the retrospective design
with anonymized data, an exemption status for individual in-

formed consent was provided. The study design and prepara-
tion of the original manuscript were performed according to the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline.20

Patients were selected from the DCRA in case of (1) a symp-
tomatic colonic obstruction (abdominal distention, nausea,
and/or vomiting) by a (2) tumor in the distal colon (sigmoid,
descending colon, or splenic flexure), (3) proven malignant tu-
mor by histologic analysis, and (4) confirmation of the ob-
struction on radiography or computed tomography (CT), de-
fined as dilated colon proximal to the primary tumor with or
without distension of small bowel. For the present analysis,
the following exclusion criteria were used: (1) signs of bowel
perforation at initial presentation, (2) palliative treatment in-
tent, (3) emergency resection, and (4) locally advanced tu-
mor (cT4 stage, neoadjuvant therapy, and/or multivisceral re-
section). Treatment intent was retrieved from the original
patient files and based on judgment of the local multidisci-
plinary team. Centers that performed SEMS were categorized
for the purpose of subgroup analysis, thereby defining high-
volume centers as those with more than 70% of the patients
with LSOCC treated with SEMS and a treating endoscopist who
has performed at least 20 procedures.19

End Points
Short-term outcomes were primary anastomoses, 90-day mor-
tality, complications, additional interventions, hospital stay,
postresection presence of a stoma, and SEMS-related perfo-
rations. Long-term outcomes included 3-year locoregional re-
currence, 3-year disease-free survival (DFS), 3-year overall sur-
vival (OS), complications, additional interventions, total
hospital stay, and permanent stoma.

Definitions
Short-term complications included BTS-related or resection-
related adverse events within 90 days after resection. Major
resection–related complications were defined as Clavien-
Dindo grade III or higher.21 Short-term reinterventions in-
cluded surgical, endoscopic, or radiologic reinterventions
within 90 days after resection attributable to complications,
including those related to BTS. The SEMS-related perfora-

Key Points
Question Is a decompressing stoma better than self-expandable
metal stent as a bridge to surgery for nonlocally advanced
left-sided obstructive colon cancer?

Findings In this cohort study of 443 patients with left-sided
obstructive colon cancer, after propensity score matching,
patients treated with a decompressing stoma had a longer hospital
stay during the bridging interval, more primary anastomoses,
more stomas after resection, fewer major resection–related
complications, and more subsequent interventions. No significant
differences in locoregional recurrence, disease-free survival, and
overall survival were found.

Meaning The findings suggest that equipoise still exists in the
management of left-sided obstructive colon cancer.
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tions included clinically overt perforations, silent perfora-
tions observed during the resection, and microperforations.
Disease-free survival included the interval between first pre-
sentation with colonic obstruction until locoregional recur-
rence, distant metastasis, death, or last follow-up. Overall sur-
vival included the interval between first presentation until
death or last follow-up. Total complication rate included BTS-
related, resection-related, and stoma-related complications af-
ter resection. Total number of interventions included BTS, tu-
mor resection, additional interventions, and stoma reversal.
Total hospital stay included any initial or subsequent admis-
sions during the BTS interval and after tumor resection. Per-
manent stomas were stomas in situ at the end of follow-up.

Statistical Analysis
Normally distributed continuous variables were reported as
means (SDs) and nonnormally distributed variables as medi-

ans (interquartile ranges [IQRs]). Before matching, variables
were compared with the t test or the Mann-Whitney test. Cat-
egorical variables were presented as percentages and com-
pared using the χ2 test or the Fisher exact test.

Propensity score matching was performed rather than in-
verse probability weighting or addition of the propensity score
to a regression model because we wanted to restrict our analy-
sis to the most optimally balanced patient groups. Because
some patients might be preferably treated with DS, regres-
sion analysis using the whole cohort of patients was consid-
ered to be inappropriate. Patients were propensity score
matched according to the following variables that might in-
fluence treatment choice: age, sex, body mass index, Ameri-
can Society of Anesthesiologists score, prior abdominal sur-
gery, tumor location, pN stage, cM stage, length of stenosis on
CT, and year of resection. Before matching, missing data were
imputed with multiple imputation by chained equations (MICE
package in R software). Then 1-to-1 nearest neighbor match-
ing was performed without replacement with a caliper of 0.25
logit of the SD of the propensity score (optimal matching).22

Covariate balance within the selected and unselected cohorts
was assessed with mean standardized differences (MSDs). An
MSD of less than 10% represented a negligible difference in
outcomes.23 In addition, covariates were compared between
selected and unselected patients within the DS and the SEMS
groups using the χ2 test or Fisher exact test. Outcomes in the
matched cohort were analyzed with conditional logistic re-
gression to account for the paired nature of the data. Condi-
tional odds ratios (cORs) with 95% CIs were calculated. For out-
comes with fewer than 5 observations, the McNemar test was
performed. Kaplan-Meier curves were plotted, and survival
probabilities were compared using Cox proportional hazards
regression with shared frailty, with SEMS as a reference.
These analyses were performed for the following end
points: DFS, OS, stoma-free survival, and BTS-related com-
plications. The proportional hazards assumption was evalu-
ated using a log − log plot. For analyzing DFS, OS, and
stoma-free survival, patients were censored when they
were lost to follow-up during the study period. Regarding
BTS-related complications, patients were censored in case
of death or loss to follow-up. Subgroup analyses between
SEMS and different types of DS (double loop or blowhole)
were performed using conditional logistic regression as
well. A 2-sided P < .05 was considered to be statistically sig-
nificant. Analyses were performed on an intention-to-treat
basis, meaning that DS after unsuccessful SEMS was still
analyzed within the SEMS group. Analyses were performed
with IBM SPSS statistics, version 25.0 (IBM Corp) and R soft-
ware version R3.3.2 (Matching and Frailtypack packages, R
Foundation for Statistical Computing).

Results
Baseline Characteristics
Each hospital in the Netherlands (N = 77) was invited to par-
ticipate, of which 75 hospitals participated, resulting in the reg-
istration of 3879 of all 4216 eligible patients (92.0%) (Figure 1).

Figure 1. Flowchart of Patient Selection

4216 Patients identified from the Dutch Colorectal Audit, 2009-2016

3879 Registered patients in collaborative research project

240 Decompressing stoma as BTS 203 SEMS as BTS

121 Decompressing stoma as BTS 121 SEMS as BTS

Propensity score matching 1:1

3153 Patients with left-sided obstructing colon cancer

574 Patients undergoing DS or SEMS as BTS for left-sided obstructing
colon cancer with curative intent and without signs of perforation

443 Patients undergoing DS or SEMS as BTS for nonlocally advanced
left-sided obstructing colon cancer with curative intent and
without signs of perforation

131 Excluded
50 cT4 tumor
63 Multivisceral resection
18 Neoadjuvant therapy

2579 Excluded
465 Palliative intention
101 Free air on CT

2013 Emergency resection

726 Excluded
670 No acute obstruction
23 No resection
17 Benign obstruction
5 Palliative stent
2 Unknown patient
4 Rectal cancer
4 Date of surgery before 2009
1 Duplicate record

BTS indicates bridge to surgery; CT, computed tomography; DS, decompressing
stoma; SEMS, self-expandable metal stent.
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A total of 3153 of the eligible 4216 patients were included in
the study (mean [SD] age, 69.7 [11.8] years; 1741 [55.2%] male).
Exclusion for factors such as absence of obstruction (n = 670),
palliative intent (n = 465), and locally advanced tumors (n = 131)
led to 443 BTS patients: 240 undergoing DS and 203 under-
going SEMS (Table 1). In the unmatched data set, there were
no missing data for age, sex, tumor location, and year of re-
section. Data for the other variables were missing for less than
2%, except for stenosis length (225 [50.8%]) and body mass
index (45 [10.2%]). Multiple imputation resulted in comple-
tion of these variables. The 1-to-1 propensity score matching
resulted in 121 patients undergoing DS and 121 undergoing
SEMS. Selected patients undergoing DS had less often under-
gone prior abdominal surgery than unselected DS patients (36
[29.8%] vs 52 [43.7%], P = .03) (eTable 1 in the Supplement).
Selected patients undergoing SEMS had more often under-

gone prior abdominal surgery (32 [26.4%] vs 11 [13.4%], P = .03)
and had more pN2 tumors than unselected patients undergo-
ing SEMS (25 [20.7%] vs 7 [8.5%], P = .04). After matching, a
comparison of the selected patients undergoing DS and SEMS
resulted in an MSD less than 10% for all baseline characteris-
tics except tumor location (MSD, 12.5%).

Procedural Characteristics and Short-term Outcomes
The median interval between DS and resection was 30 days
(IQR, 19-47 days), which was 18 days (IQR, 8-31 days) after SEMS
(cOR, 0.95; 95% CI, 0.93-0.97; P < .001) (Table 2). The me-
dian hospital stay during the BTS interval was 7 days (IQR, 5-12
days) for DS and 4 days (IQR, 2-6 days) for SEMS (cOR, 0.86;
95% CI, 0.79-0.92; P < .001). No differences were observed in
BTS-related complications (cOR, 0.78; 95% CI, 0.29-2.09;
P = .62; hazard ratio [HR], 0.80; 95% CI, 0.32-2.04; P = .64).

Table 1. Baseline Characteristicsa

Characteristic

Before Propensity Score Matching After Propensity Score Matching Unselected Groups After Matching
DS as BTS
(n = 240)

SEMS as BTS
(n = 203) SMD, %

DS as BTS
(n = 121)

SEMS as BTS
(n = 121) SMD, %

DS as BTS
(n = 119)

SEMS as BTS
(n = 82) SMD, %

Male 149 (62.1) 115 (56.7) 16.9 72 (59.5) 73 (60.3) 1.7 77 (64.7) 42 (51.2) 27.6

Age, mean (SD), y 68.5 (11.4) 70.5 (11.7) 11.1 69.8 (11.0) 70.1 (12.1) 2.1 67.2 (11.7) 71.1 (11.2) 33.9

BMI, mean (SD) 25.0 (4.0) 25.5 (5.0) 12.7 25.3 (4.3) 25.2 (3.9) 2.5 24.6 (3.6) 26.3 (6.5) 33.6

ASA score 3-4 53 (22.1) 48 (23.6) 3.7 26 (21.5) 26 (21.5) <0.1 27 (22.7) 22 (26.8) 9.6

Prior abdominal
surgery

88 (36.7) 43 (21.2) 34.7 36 (29.8) 32 (26.4) 7.4 52 (43.7) 11 (13.4) 71.2

Tumor location

Splenic flexure 42 (17.5) 10 (4.9)

41.1

6 (5.0) 8 (6.6)

12.5

36 (30.3) 2 (2.4)

81.2Descending colon 44 (18.3) 38 (18.7) 23 (19.0) 18 (14.9) 21 (17.6) 20 (24.4)

Sigmoid 154 (64.2) 155 (76.4) 92 (76.0) 95 (78.5) 62 (52.1) 60 (73.2)

pN stageb

pN0 95 (39.6) 101 (49.8)

22.8

51 (42.1) 54 (44.6)

8.6

44 (37.0) 49 (59.8)

59.6pN1 89 (37.1) 69 (34.0) 47 (38.8) 42 (34.7) 41 (34.5) 26 (31.7)

pN2 56 (23.3) 33 (16.3) 23 (19.0) 25 (20.7) 34 (28.6) 7 (8.5)

cM1 stage 16 (6.7) 16 (7.9) 10 (8.3) 9 (7.4) 6 (5.0) 8 (9.8)

Lung 1 (0.4) 1 (0.5)

4.7

0 1 (0.8)

3.1

1 (0.8) 0

18.1
Liver 14 (5.8) 11 (5.4) 10 (8.3) 5 (4.1) 4 (3.4) 6 (7.3)

Peritoneal 3 (1.3) 3 (1.5) 0 2 (1.7) 3 (2.5) 1 (1.2)

Other 1 (0.4) 2 (1.0) 0 1 (0.8) 1 (0.8) 1 (1.2)

Length of stenosis,
mean (SD), cm

4.4 (2.0) 4.0 (1.5) 27.1 4.1 (1.7) 3.9 (1.5) 7.6 4.6 (2.0) 3.8 (1.6) 43.9

Year of resectionc

2009 5 (9.8) 46 (90.2)

93.1

5 (31.3) 11 (68.8)

0.4

0 35 (100)

358.4

2010 17 (27.4) 45 (72.6) 17 (47.2) 19 (52.8) 0 26 (100)

2011 24 (53.3) 21 (46.7) 20 (69.0) 9 (31.0) 4 (25.0) 12 (75.0)

2012 21 (43.8) 27 (56.3) 13 (39.4) 20 (60.6) 8 (53.3) 7 (46.7)

2013 39 (65.0) 21 (35.0) 25 (55.6) 20 (44.4) 14 (93.3) 1 (6.7)

2014 32 (88.9) 4 (11.1) 12 (75.0) 4 (25.0) 20 (100) 0

2015 52 (72.2) 20 (27.8) 16 (45.7) 19 (54.3) 36 (97.3) 1 (2.7)

2016 50 (72.5) 19 (27.5) 13 (40.6) 19 (59.4) 37 (100) 0

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index (calculated as weight in kilograms divided by square of height in meters);
BTS, bridge to surgery; DS, decompressing stoma; SEMS, self-expandable metal
stent; SMD, standardized mean difference.
a Data are presented as number (percentage) of patients unless otherwise

indicated.

b pT stage was not included in propensity score matching and therefore not
shown in Table 1. After propensity score matching, pT stage did not
significantly differ between the groups (P = .22).

c Percentage of row instead of column total.
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Table 2. Procedural Characteristics and Short-term Treatment Outcomes (Within 90 Days After Resection) of Propensity Score–Matched Samplesa

Characteristic or Outcome DS as BTS (n = 121) SEMS as BTS (n = 121) cOR (95% CI) P Value
Time from first presentation to DS or SEMS, median (IQR), d 1.0 (0.0-2.0) 1.0 (0.0-1.0) 0.82 (0.67-1.00) .05

Time from DS or SEMS to resection in days, median (IQR), d 30.0 (19.0-47.0) 18.0 (8.0-30.8) 0.95 (0.93-0.97) <.001

Laparoscopic approach for primary tumor resection 60/121 (49.6) 62/120 (51.7) 1.07 (0.65-1.74) .80

Surgical procedure .44

Sigmoid resection 81/121 (66.9) 84/121 (69.4) 1.13 (0.65-1.98) .67

Left hemicolectomy 31/121 (25.6) 33/121 (27.3) 1.10 (0.60-2.02) .76

Subtotal colectomy 6/121 (5.0) 3/121 (2.5) NAb .51b

Extended left hemicolectomy 3/121 (2.5) 0/121 (0.0) NAc NAc

Transverse resection 0/121 1/121 (0.8) NAc NAc

Completeness of resection .53

R0 116/121 (95.9) 112/114 (98.2) 2.50 (0.49-12.89) .27

R1 5/121 (4.1) 1/114 (0.9) NAb .22b

R2 0/121 1/114 (0.9) NAc NAc

No. of lymph nodes harvested, median (IQR) 15.0 (12.0-21.0) 19.0 (14.0-24.0) 1.04 (1.01-1.07) .01

No. of positive lymph nodes harvested, median (IQR) 1.0 (0.0-3.0) 1.0 (0.0-3.0) 1.02 (0.95-1.10) .57

Angioinvasion 31/106 (29.2) 34/113 (30.1) 1.05 (0.56-1.97) .87

Extramural venous invasion 23/106 (21.7) 31/113 (27.4) 1.39 (0.68-2.83) .37

Lymphatic invasion 6/106 (5.7) 2/111 (1.8) NAb .45b

Intramural venous invasion 2/106 (1.9) 1/113 (0.9) NAb >.99b

Stoma in situ directly after tumor resection 81/121 (66.9) 34/117 (29.1) 0.15 (0.07-0.32) <.001

(New) stoma constructed during resection 13/81 (16.0) 34/34 (100) NA NA

Type of stoma in situ directly after tumor resection .01

Diverting ileostomy 9/77 (11.7)d 4/34 (11.8) 0.50 (0.09-2.73) .42

End ileostomy 4/77 (5.2) 2/34 (5.9) NAb >.99b

Diverting colostomy 57/77 (74.0) 0/34 NAc NAc

End colostomy 7/77 (9.1) 28/34 (82.4) 65.29 (1.63-2611.50) .03

Primary anastomosis 104/121 (86.0) 90/120 (75.0) 0.41 (0.19-0.89) .02

Hospital stay during BTS interval, median (IQR), d

Directly after DS or SEMS without readmissions 7.0 (5.0-12.0) 4.0 (2.0-6.0) 0.85 (0.79-0.92) <.001

Readmission during BTS interval 2/111 (1.8) 1/113 (0.9) NAb >.99b

Including readmissions during BTS interval 7.0 (5.0-12.0) 4.0 (2.0-6.0) 0.86 (0.79-0.92) <.001

Hospital stay directly after resection, median (IQR), de 7.0 (5.0-9.0) 7.0 (5.0-14.0) 1.03 (1.00-1.06) .09

BTS-related complications during bridging interval 13/116 (11.2) 8/115 (7.0) 0.78 (0.29-2.09) .62

SEMS-related perforation NA 9/112 (8.0) NA NA

Resection-related complications within 90 d 24/121 (19.8) 34/118 (28.8) 1.56 (0.86-2.81) .14

Major resection–related complications 7/121 (5.8) 18/118 (15.3) 3.20 (1.17-8.74) .02

Anastomotic leakage 3/104 (2.9) 5/90 (5.6) NAb >.99b

Abscess (intra-abdominal) 2/121 (1.7) 7/121 (5.8) NAb .18b

Fascia dehiscence 3/119 (2.5) 5/118 (4.2) NAb .73b

Wound infection 13/120 (10.8) 6/117 (5.1) 0.42 (0.15-1.18) .10

Postoperative ileus 4/120 (3.3) 9/117 (7.7) NAb .27b

Gastroparesis 0/120 4/117 (3.4) NAc NAc

Bleeding 0/120 2/117 (1.7) NAd NAc

90-d Complication ratef 34/118 (28.8) 39/114 (34.2) 1.27 (0.73-2.23) .40

90-d Subsequent intervention rateg 8/112 (7.1) 16/115 (13.9) 2.33 (0.90-6.07) .08

90-d Mortality 2/121 (1.7) 6/121 (5.0) NAb .29b

Adjuvant chemotherapy 47/120 (39.2) 54/121 (44.6) 1.26 (0.76-2.09) .37

Time from resection until start of adjuvant chemotherapy,
median (IQR), wk

5.0 (4.0-7.0) 7.0 (4.0-9.5) 1.13 (0.91-1.39) .28

Abbreviations: BTS, bridge to surgery; cOR, conditional odds ratio;
DS, decompressing stoma; IQR, interquartile range; NA, not applicable;
SEMS, self-expandable metal stent.
a Data are presented as number/total number (percentage) of patients unless

otherwise indicated.
b McNemar test instead of conditional logistic regression because of fewer than

5 observations; therefore, no cOR and 95% CI were reported.
c Because of 0 observations in 1 or both group(s), no P value could be calculated

with the McNemar test.

d Type of stoma in situ directly after tumor resection missing for 4 patients
undergoing DS.

e Without readmissions.
f Combination of complications after BTS and less than 90 days after resection.
g Additional interventions within the BTS interval or less than 90 days after

resection solely because of complications, excluding complications related to
the stoma in situ after resection and excluding stoma reversals.
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More primary anastomoses were constructed in the DS group
(104 of 121 [86.0%] vs 90 of 120 [75.0%]; cOR, 0.41; 95% CI,
0.19-0.89; P = .02). Patients undergoing SEMS had fewer
postresection stomas (34 of 117 [29.1%] vs 81 of 121 [66.9%];
cOR, 0.15; 95% CI, 0.07-0.32; P < .001). The 90-day compli-
cation rate did not significantly differ between the groups,
although patients undergoing SEMS had more major
resection–related complications (18 of 118 [15.3%] vs 7 of 121
[5.8%]; cOR, 3.20; 95% CI, 1.17-8.74; P = .02). The 90-day
mortality rates were 1.7% for DS and 5.0% for SEMS (P = .29).
eTable 2 and eTable 3 in the Supplement provide an overview
of DS- and SEMS-specific complications. The overall SEMS-
related perforation rate was 8.0%. Three patients had clini-
cally overt perforations, all of whom underwent subsequent
emergency resection. Two of these patients died at 11- and
18-month follow-up. eTable 4 in the Supplement gives a com-
parison of hospital stay between patients undergoing SEMS
and different types of DS. Within the DS group, patients
undergoing double-loop DS had a shorter median postresec-
tion hospital stay than those undergoing blowhole DS (6 vs 8
days, P = .04). High- vs low-volume SEMS centers did not
have any significant differences in technical success and
SEMS-related complications (eTable 5 in the Supplement).

Long-term Outcomes
The median follow-up was 36 months (IQR, 15-59 months) for
the DS group and 31 months (IQR, 15-56 months) for the SEMS
group (cOR for follow-up time, 1.00; 95% CI, 0.99-1.01; P = .59)
(Table 3). Three-year locoregional recurrence was 11.7% for the
DS group and 18.8% for the SEMS group (HR, 0.62; 95% CI, 0.30-
1.28; P = .20), 3-year DFS was 64.0% for the DS group and 56.9%
for the SEMS group (HR, 0.90; 95% CI, 0.61-1.33; P = .60), and
3-year OS was 78.0% for the DS group and 71.8% for the SEMS
group (HR, 0.77; 95% CI, 0.48-1.22; P = .26) (Figure 2 and eFig-
ure 1 in the Supplement). Permanent stoma rate did not signifi-
cantly differ between the DS and SEMS groups (28.9% vs 19.2%;
cOR 0.63, 95% CI, 0.36-1.13; P = .12) (Table 3 and eFigure 2 and
eFigure 3 in the Supplement). The total median hospital stay was
15 days (IQR, 11-23 days) for the DS group and 13 days (IQR, 9-20
days) for the SEMS group (cOR, 0.99; 95% CI, 0.97-1.01; P = .22).
Patients undergoing double-loop DS had a shorter total hospi-
tal stay than those undergoing blowhole DS (15 vs 23 days;
P = .003). More subsequent interventions were performed
after DS than after SEMS (57.5% vs 28.2%; cOR, 0.28; 95% CI,
0.15-0.53; P < .001), which did not remain significant after ex-
clusion of stoma reversals. Patients undergoing DS had a higher
number of interventions, with a median of 3.0 (IQR, 2.0-3.0) vs
2.0 (IQR, 2.0-3.0) in the SEMS group (cOR, 0.42; 95% CI, 0.25-
0.72; P = .002). High- vs low-volume SEMS centers did not re-
veal any significant differences in locoregional recurrence, DFS,
and OS (eTable 5 and eFigure 4 in the Supplement).

Discussion
This nationwide, propensity score–matched study compared
short-term and intermediate-term outcomes in patients who
underwent DS or SEMS as BTS for nonlocally advanced LSOCC.

Patients undergoing DS had more postresection stomas, re-
quired more repeated interventions, had a higher number of
additional interventions, and had a longer hospital stay dur-
ing the BTS interval. However, patients undergoing DS had
more primary anastomoses and fewer major postresection
complications. Permanent stoma rate and oncologic out-
comes did not significantly differ between the DS and SEMS
groups.

Minimally invasive relief of colonic obstruction in LSOCC
can be accomplished by DS construction or SEMS placement.
The construction of a DS is a relatively fast and controlled pro-
cedure with an almost 100% success rate and can be per-
formed in almost every patient. Placement of an SEMS is a
technically demanding procedure that requires specific skills,
needs a certain patient selection depending on tumor charac-
teristics (length and location of the stenosis), and has a risk of
perforation and unsuccessful decompression. However, SEMS
seems to be the least invasive intervention considering the
shortest BTS-related hospital admission, similar to observa-
tions in the palliative setting.24 This finding might be related
to the need for general anesthesia and to more postoperative
pain after DS construction and the in-hospital organization of
domiciliary stoma care. Available guidelines recommend
SEMS, provided that the lesion is amenable to stenting and
the endoscopist has sufficient experience with SEMS place-
ment. However, these recommendations are based on low-
quality evidence.3,4 In fact, at the time of publication of these
guidelines, no studies were available that directly compared
DS and SEMS.

The first published study on DS vs SEMS as BTS for LSOCC
was limited by a small sample size and potential selection bias,
and no matching was performed. In accordance with our re-
sults, Amelung et al25 observed fewer postresection stomas for
SEMS than DS (18% vs 62%) and no significant differences in
hospital stay and permanent stoma rate.

Recently, a French population-based study26 on DS
(n = 327) vs SEMS (n = 191) was published. In contrast to our
results, DS was associated with more complications and a lon-
ger hospital stay than was SEMS. Median DFS was 54 months
in both groups, but OS was significantly longer in the DS group
(median, 124 vs 59 months). The authors concluded that SEMS
might negatively influence survival, but whether they suffi-
ciently corrected for confounding baseline differences is un-
clear. Furthermore, outcomes of the French study26 might have
been influenced by the slightly higher age and American So-
ciety of Anesthesiologists score of the included patients com-
pared with the present Dutch population study.

More major postresection complications were observed in
the SEMS group, which is in line with the study by Amelung
et al.25 This observation might be explained by more anasto-
moses that were defunctioned in our DS group because most
of the decompressing stomas were reversed later. In contrast,
Amelung et al25 reported fewer long-term complications (30%
vs 10%) than observed in our study (48% vs 40%) for DS vs
SEMS.25 Stoma-related complications that occurred after re-
section were not included in that study. In fact, only inci-
sional hernias, enterocutaneous fistulas, abscesses of the ab-
dominal wall, and anastomotic stenoses were mentioned as
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long-term complications. The current study specifically fo-
cused on complete and detailed data collection regarding in-
termediate-term surgical complications. Nevertheless, there
might still be underreporting of outcomes as suggested by
the relatively few incisional hernias of 11% for DS and 0% for
SEMS (Table 3). Studies27,28 reported incisional hernia rates

of up to 30%, of which approximately 50% required a surgi-
cal reintervention.

A blowhole DS was performed in only a few patients. Al-
though success of decompression is comparable, a blowhole
DS is easier to construct with shorter operative time com-
pared with a double-loop DS.29 A double-loop DS is less likely

Table 3. Long-term Treatment Outcomes in Propensity Score–Matched Samplesa

Outcome DS as BTS (n = 121) SEMS as BTS (n = 121) cOR (95% CI) P Value
Follow-up, median (IQR), mo 35.5 (15.0-58.5) 31.0 (15.0-56.0) 1.00 (0.99-1.01) .59

Permanent stoma at time
of last follow-up

35/121 (28.9) 23/120 (19.2) 0.63 (0.36-1.13) .12

In patients with a minimum
follow-up of 12 mo

24/101 (23.8) 15/93 (16.1) 0.65 (0.30-1.38) .26

Total hospital stay, median
(IQR), db

15.0 (11.0-23.0) 13.0 (9.0-20.0) 0.99 (0.97-1.01) .22

After resection,
including readmissions

7.0 (5.0-12.3) 7.5 (5.0-15.0) 1.02 (0.99-1.04) .28

Total complication rate
during entire follow-upc

56/116 (48.3) 44/109 (40.4) 0.78 (0.46-1.32) .36

Related to stoma after
resection

28/77 (36.4) 8/26 (30.8) 0.86 (0.29-2.55) .78

Parastomal hernia 5/77 (6.5) 3/30 (10.0) NA

NA

Incisional hernia 8/74 (10.8) 0/29 NA

Stoma prolapse 9/77 (11.7) 0/30 NA

Stoma necrosis 0/76 3/29 (10.3) NA

Ileus caused by stoma 1/76 (1.3) 0/30 NA

Dehydration 0/76 1/28 (3.6) NA

High output 2/76 (2.6) 3/30 (10.0) NA

Additional interventions
(entire follow-up)

Including stoma reversald 65/113 (57.5) 33/117 (28.2) 0.28 (0.15-0.53) <.001

Excluding stoma reversale 21/113 (18.6) 22/116 (19.0) 1.07 (0.53-2.16) .86

No. of interventions,
median (IQR)f

3.0 (2.0-3.0) 2.0 (2.0-3.0) 0.42 (0.25-0.72) .002

Locoregional recurrence 12/118 (10.2) 18/116 (15.5) 1.40 (0.62-3.15) .42

Anastomotic 3/12 (25.0) 3/18 (16.7) NA

NA
Locoregional lymph node(s) 0/12 1/18 (5.6) NA

Peritoneal metastasis 6/12 (50.0) 11/18 (61.1) NA

Unknown 3/12 (25.0) 3/18 (16.7) NA

Distant metastases 26/119 (21.8) 27/117 (23.1) 1.17 (0.62-2.19) .63

Liver 15/26 (57.7) 12/27 (44.4) NA

NA

Lung 1/26 (3.8) 4/27 (14.8) NA

Distant lymph node 0/26 1/27 (3.7) NA

Combination 9/26 (34.6) 10/27 (37.0) NA

Other 1/26 (3.8) 0/27 NA

3-y Locoregional recurrence, % 11.7 18.8 NA .20

No. of events
after 36 mo of follow-up

11 16 NA

NA
No. of patients at risk
after 36 mo of follow-up

57 51 NA

3-y Disease-free survival, % 64.0 56.9 NA

No. of events
after 36 mo of follow-up

37 42 NA

.60
No. of patients at risk
after 36 mo of follow-up

49 46 NA

3-y Overall survival, % 78.0 71.8 NA

No. of events
after 36 mo of follow-up

21 27 NA

.26
No. of patients at risk
after 36 mo of follow-up

60 56 NA

Abbreviations: BTS, bridge to
surgery; cOR, conditional odds ratio;
DS, decompressing stoma;
IQR, interquartile range; NA, not
applicable; SEMS, self-expandable
metal stent.
a Data are presented as number/total

number (percentage) of patients
unless otherwise indicated.

b Combination of hospital stay during
BTS interval, including
readmissions, and hospital stay
after resection, including
readmissions.

c Combination of complications after
BTS and resection, including
stoma-related complications that
occurred after resection during
entire follow-up.

d Additional interventions within the
BTS interval or after resection
because of complications and/or
stoma reversal during entire
follow-up.

e Additional interventions within the
BTS interval or after resection solely
because of complications during
entire follow-up, excluding stoma
reversal.

f Combination of initial BTS
intervention, subsequent tumor
resection, additional interventions
related to complications, and stoma
reversal during entire follow-up.
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to retract and does not need revision for diverting a primary
anastomosis at the time of resection, but it is a bulky stoma
with a high risk of prolapse. In contrast to the study by
Kasten et al,29 we found a significantly shorter postresection
and total hospital stay for double-loop DS. Current evidence
does not allow for clear recommendations on type of DS.

The premature closure of the Dutch Stent-in II trial owing
to relatively high perforation rates has contributed to an on-
going discussion on the oncologic safety of SEMS.5,30 Con-
cerns include a high risk of tumor cell dissemination because
of manipulation during SEMS placement and expanding pres-
sure as well as tumor recurrence after a perforation.6,7 These
concerns were fueled by reports31,32 of a higher rate of peri-
neural and lymph node invasion after SEMS than after emer-
gency resection. However, meta-analyses33,34 did not reveal
an association with decreased survival. Current SEMS-
related perforation rates are lower than those of the Dutch
Stent-in II trial (8.0% vs 19.1%), and technical success has im-
proved as well (86.0% vs 70.2%),5 which might be associated
with an increase in stenting experience and proper patient se-
lection in routine daily practice. A recent study19 reported on
the oncologic outcomes after SEMS-related perforations in this
population-based data set, which revealed a 3-year locore-
gional recurrence of 17.9% vs 11.0% (P = .43), a 3-year DFS rate
of 48.5% vs 59.6% (P = .72), and a 3-year OS rate of 61.1% vs
75.1% (P = .53). However, with only 17 SEMS-related perfora-
tions, no firm conclusions could be drawn. The survival curves
of the present analysis (Figure 2) seem to separate in favor of
DS, but substantial overlap between the CIs does not allow for
any conclusion.

Limitations
The current study has several limitations. Despite collecting
detailed data, some information was still lacking because of
the retrospective study design, such as the physician’s rea-
sons for DS or SEMS, quality of life, and treatment costs. More-
over, multiple imputation had to be performed for length of
stenosis in more than half of the patients, which might have
caused bias. Furthermore, the variables on which propensity

scores were computed were chosen based on a potential in-
fluence on treatment choice, and residual confounding by un-
known factors might still be present, which might have re-
sulted in groups that were still not fully comparable. Exclusion
of cases that did not meet the matching criteria might have re-
duced statistical power and caused bias. For example, the in-
creased proportion of pN2 tumors in unselected vs selected
patients undergoing SEMS might have negatively influenced
the results on SEMS. However, because the SMDs were less than
10%, differences between the 2 selected BTS groups were
neglible.23 Furthermore, median follow-up was relatively short
to reliably estimate long-term oncologic outcomes, and pa-
tient numbers were particularly low after 2 years. Therefore,
data regarding DFS and OS should be interpreted with cau-
tion. In addition, patients without any tumor resection are not
included in the DCRA and therefore were not included in this
study. Such patients might have died shortly after the bridg-
ing intervention or have been treated with palliative systemic
therapy or best supportive care, which might have intro-
duced selection bias if overrepresented in 1 of the 2 groups.
Also, data on endoscopist experience were lacking. Stents are
also placed in the palliative care setting without subsequent
resection; therefore, centers’ experience can be underesti-
mated based on the DCRA data set. Furthermore, experience
may also depend on other advanced endoscopic techniques,
including other gastrointestinal stenting procedures. There-
fore, we could not reliably assess stenting experience and did
not include this potential confounder in our analyses.

Conclusions
This nationwide, propensity score–matched study compar-
ing DS and SEMS for nonlocally advanced LSOCC revealed ad-
vantages and disadvantages of the 2 bridging techniques. On-
cologic outcome was slightly in favor of DS, but statistical
significance was not reached and follow-up was relatively short.
Randomized clinical trials are indicated to determine the best
BTS strategy considering the equipoise.

Figure 2. Survival Curves for Decompressing Stoma (DS) vs Self-expandable Metal Stent (SEMS) as a Bridge to Elective Surgery
(Propensity Score–Matched Samples)
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