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General introduction and thesis outline

GENERAL INTRODUCTION
Colorectal cancer is the third most common cancer worldwide with about 1.8 million
new cases in 2018, resulting in more than 861.000 deaths.1 In the Netherlands, more
than 15.000 new cases occur yearly.2 According to the literature, approximately 8-13%
of patients present with an obstruction as a first manifestation of colorectal cancer,3
often experiencing non-specific symptoms such as constipation, nausea, and vomiting.
However, the incidence of obstructive colorectal cancer depends on several factors.
Increased awareness together with stage migration due to national bowel cancer
screening will reduce the proportion of patients that present with an obstruction,
especially an acute obstruction in the emergency setting.
Especially with total colonic occlusion, patients are at risk of major complications
including cecal blowout. Therefore, immediate treatment is required. Currently, most
patients with obstructive colon cancer are treated with an emergency resection.
However, surgery in the emergency setting has shown to be an independent risk factor
for death and postoperative complications.4 Due to an often severely distended bowel,
laparoscopic resection and the construction of a primary anastomosis might be
challenging in the emergency setting. In addition, the majority of patients with
obstructive colon cancer are older and have had reduced food intake and significant
weight loss, leading to a deteriorated clinical condition. Particularly in this older and
frail population, emergency resection has shown high morbidity and mortality rates.5
Immediate relief of bowel obstruction is required in order to prevent severe complications such as cecal blowout. Therefore, techniques for initial bowel decompression
with subsequent bowel resection in the elective setting were introduced. This initial
bowel decompression allows for the distended bowel to regain its usual caliber and for
optimisation of the patient’s clinical condition during the bridging interval. This may
increase the likelihood of a laparoscopic resection, which in turn results in earlier postoperative recovery and lower long-term morbidity compared to open resection,
including fewer small bowel obstructions by adhesions and fewer incisional hernias.6-8
Other potential benefits of bridging to an elective resection include accurate
preoperative staging and the gathering of an experienced surgical team.
Initial bowel decompression can be achieved either by placement of a colonic selfexpandable metal stent (SEMS) or by the construction of a decompressing stoma.
Numerous studies have demonstrated short-term advantages of SEMS placement
compared to emergency resection, including more primary anastomoses, fewer tem-
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porary stomas, and lower postoperative morbidity.9,10 However, despite initial
enthusiasm, colonic stenting was almost abandoned in the Netherlands following the
premature closure of both the Dutch Stent-in I and Stent-in II randomised controlled
trials.11,12 Relatively high SEMS-related perforation rates were found, which raised
concerns regarding the long-term oncological outcomes. These concerns intensified by
reports on tumour recurrence in 5 out of 6 patients with a SEMS-related perforation in
a post-hoc analysis of the Stent-in II trial,13 and by increased lymph node and perineural
invasion rates after SEMS compared to emergency surgery.14,15
Given the risks of emergency resection in the elderly and frail, it was recommended to
reserve SEMS placement for those patients in which reduction of postoperative
mortality was thought to be of more importance than achieving good long-term
oncological outcomes. This was the recommendation in existing guidelines at the time
at which the research projects of this thesis were initiated. In 2014, the European
Society of Gastrointestinal Endoscopy (ESGE) suggested to consider SEMS as a bridge to
surgery only in patients ≥ 70 years and/or with an American Society of Anesthesiologists (ASA) score of ≥ 3.16 However, studies evaluating SEMS specifically in these
high-risk groups were scarce and strong evidence for this hypothesis was lacking.
Subsequent studies and meta-analyses have at least partially removed the doubts
about colonic SEMS placement regarding similar survival outcomes compared to
emergency surgery.17-19
The construction of a decompressing stoma may function as an alternative to SEMS. A
stoma placed proximally to the obstructing lesion allows for fecal diversion, with
decompression of the distended colon as a result. Although the construction of a
decompressing stoma also includes an emergency surgical procedure, laparotomy can
often be avoided by performing a small transverse incision (Trephine method).20
Surgical risks are therefore considered lower than with an emergency resection.
However, a decompressing stoma has long been considered an outdated option for leftsided obstructive colon cancer. Potential explanations may be a presumed prolonged
hospital stay and the need for a three-stage procedure. The three stages comprise initial
decompression by stoma creation, subsequent tumour resection, and finally stoma
reversal. In addition, concerns have been raised regarding the risk of becoming a permanent stoma, with potentially deteriorated quality of life as a result.21 Studies on
decompressing stoma construction versus emergency resection are scarce, and many
of these studies were published more than 25 years ago.22 In addition, it remains
unclear which bridge to surgery technique should be adhered to, as there are also few
studies comparing a decompressing stoma to SEMS. Therefore, the general aim of the
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current thesis is to assess various treatment options for left-sided obstructive colon
cancer in both the curative and palliative setting, and to explore the different clinical
points of view regarding patient, tumour, and procedural characteristics, as well as
relevant outcome parameters.

THESIS OUTLINE
Part I - Practical considerations and guidelines for colonic stenting
Literature on the treatment of obstructive colon cancer is extensive. However, a clear
definition of malignant colonic obstruction seems to be lacking. Through a systematic
review presented in Chapter 1, we evaluate how the current literature defines
obstruction by colorectal cancer. Chapter 2 embodies a book chapter on practical
considerations regarding colonic SEMS placement. Technical details of SEMS, points of
attention during the stenting procedure, and problems that might be encountered
following SEMS placement are discussed.
Through a national population-based study in Chapter 3, we assess how treatment of
obstructive colon cancer has evolved over the years. In addition, we evaluate
adherence to the Dutch Colorectal Cancer guideline and ESGE guideline on colonic
stenting of 2014.16,23 Along with a European team of gastroenterologists and surgeons,
we updated the ESGE guideline of which the results are presented in Chapter 4. The
observed lack of evidence on the ideal bridging interval following SEMS placement led
to a population-based evaluation of different time intervals between either SEMS or a
decompressing stoma and elective resection, as shown in Chapter 5.
Part II - Comparing treatment options for obstructive colon cancer
Although SEMS as a bridge to surgery has been frequently compared to emergency
resection, separate analyses on elderly and frail patients are scarce, despite the fact
that national and European guidelines of 2014 suggest to consider SEMS in these highrisk groups.16,23 Chapter 6 includes a nationwide comparison of both SEMS and a
decompressing stoma as a bridge to surgery versus emergency resection, with riskstratification for age (< 70 years and ≥ 70 years), ASA score (ASA I-II and ASA III-IV), and
whether or not the tumour is locally advanced.
Given the remaining debate on the long-term oncological effects of colonic stenting and
the required experience not always being available in every hospital, the construction
of a decompressing stoma as a bridge to surgery might be a valid alternative. In contrast
to SEMS placement, the tumour is not manipulated and potential subsequent oncological risks do not seem to be present.24 However, literature comparing these two
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bridge to surgery techniques is scarce. Therefore, we compare SEMS and decompresssing stoma through propensity-score matching in Chapter 7.
Similar to a decompressing stoma as an alternative to SEMS as a bridge to surgery, very
few recent studies exist on decompressing stoma versus emergency resection. Therefore, we present a propensity-score matched comparison of a decompressing stoma as
a bridge to surgery with emergency resection in Chapter 8.
In the palliative setting, important treatment goals include prevention of complications
and avoiding stoma formation rather than survival, which is an important endpoint in
the curative setting. Published meta-analyses on SEMS versus emergency surgery
included a very heterogeneous population, consisting of obstruction both by colorectal
and extracolonic cancer, acute and subacute obstruction, and surgery by either
emergency resection or a decompressing stoma. Therefore, we performed a systematic
review and meta-analysis on palliative SEMS versus emergency surgery exclusively for
patients with obstructive colon cancer, with sensitivity analyses on urgency of the
obstruction and type of surgery. The results are shown in Chapter 9.
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CHAPTER 1
Deﬁnition of large bowel obstruction
by primary colorectal cancer:
a systematic review

J.V. Veld, K.J. Beek, E.C.J. Consten, F. ter Borg, H.L. van Westreenen,
W.A. Bemelman, J.E. van Hooft, P.J. Tanis
Colorectal Disease; accepted for publication

Chapter 1

ABSTRACT
Aim: Controversies on therapeutic strategy for large bowel obstruction by primary
colorectal cancer mainly concern acute conditions, being essentially different from
subacute obstruction. Clearly defining acute obstruction is important for design and
interpretation of studies as well as for guidelines and daily practice. This systematic
review aimed to evaluate definitions of obstruction by colorectal cancer in prospective
studies.
Method: A systematic search was performed in Pubmed, EMBASE, and the Cochrane
Library. Eligibility criteria included a randomized or prospective observational study design,
publication between 2000-2019, and the inclusion of patients with an obstruction caused
by colorectal cancer. Provided definitions of obstruction were extracted with assessment
of common elements.
Results: A total of 16 randomised controlled trials (RCTs) and 99 prospective observational studies were included. Obstruction was specified as acute in 28 studies,
complete/emergency in 5, (sub)acute or similar terms in 4, and unspecified in 78. Five of
16 RCTs (31%) and 37 of 99 cohort studies (37%) provided a definition. The definitions
included any combination of clinical symptoms, physical examination, endoscopic
features, and radiological imaging in 25 studies. The definition was only based on clinical
symptoms in 11 and radiological imaging in 6 studies. Definitions included a radiological
component in 100% of evaluable RCTs (5/5) versus 54% of prospective observational
studies (20/37, p=0.07).
Conclusion: In this systematic review, the majority of prospective studies did not define
obstruction by colorectal cancer and its urgency, whereas provided definitions varied
hugely. Radiological confirmation seems to be an essential component in defining acute
obstruction.

20

Definition of obstruction by colorectal cancer: a systematic review

INTRODUCTION
Approximately 10% of patients with colorectal cancer present with acute large bowel
obstruction. Different incidences have been reported,1 as the severity or degree of
obstruction varies substantially and may significantly influence clinical decision-making.
Complete obstruction may lead to extensive bowel dilation, even leading to cecal blowout, which increases the urgency of surgery or placement of a colonic self-expandable
metal stent (SEMS). In contrast, incomplete or imminent obstruction may allow for
more conservative treatment including laxatives with subsequent surgery in a semielective setting.
Clinical presentation of large bowel obstruction by colorectal cancer varies hugely in
daily practice. Patients may present with mainly abdominal pain being present for
several weeks, whereas others rapidly develop abdominal distention and might
experience disproportionally mild symptoms. Conflicting results have been published
regarding the degree of colorectal obstruction and SEMS success rates,2 which might
be explained by variety in clinical presentation. Recently, a scoring system was
developed by a Japanese group (the ColoRectal Obstruction Scoring System, CROSS) in
order to evaluate the degree of colorectal obstruction and consequently aid in the
choice of treatment of patients with obstructive colorectal cancer.3 In their most recent
guideline, the European Society of Gastrointestinal Endoscopy (ESGE) recommends
against prophylactic SEMS placement in patients with a subacute obstruction,2 but
without providing a clear definition.
A clear definition of obstruction by colorectal cancer might reduce overtreatment of
patients with mild conditions, and focusses the need for emergency treatment towards
patients with an acute presentation. In addition, literature on patients with obstructive
colorectal cancer can be compared more effectively with more appropriate translation
into clinical guidelines and daily practice. Furthermore, it enables clinical benchmarking. Therefore, the aim of this systematic review was to provide a literature
overview of used definitions of obstruction by colorectal cancer in prospective studies,
thereby serving as a basis for the development of a consensus definition.

21
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METHODS
This systematic review was reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.4 No review protocol was
registered.
Search strategy and data extraction
A systematic search was undertaken on MEDLINE/Pubmed, EMBASE, and The Cochrane
Library. The final search was performed on March 13th 2019. In MEDLINE/Pubmed, the
following search terms were used: ((colon*[tiab] OR colorectal[tiab]) AND
(cancer*[tiab] OR neoplasm*[tiab] OR malignan*[tiab]) AND obstructi*[tiab] AND
english[language]). The first two authors (JV and KB) independently assessed titles and
abstracts and subsequently full texts for eligibility. Reference lists of the included
articles were manually cross-searched for any additional studies. Any discrepancies
were discussed and in the case of disagreement, consensus was reached after
consulting the senior author (PT).
Inclusion/exclusion criteria
Studies were included in the case of a randomised or prospective observational study
design, a publication date between January 1rst 2000 and March 13th 2019, and if
describing patients with any sign of obstruction caused by either right-sided colon
cancer, left-sided colon cancer, or rectal cancer. Exclusion criteria were retrospective
studies, reviews, letters, editorials, studies including patients of <18 years of age,
animal studies, and studies not written in English. Not providing a definition of
obstructive colon cancer was not an exclusion criterion.
Outcomes of interest
Provided definitions of malignant colorectal obstruction or any related descriptions of
the clinical condition and its urgency of included patients were extracted from each
study. Definitions were evaluated based on whether or not containing any of the
following five elements: clinical symptoms, duration of symptoms, physical examination, endoscopic features, and/or radiological imaging. Other extracted variables
included study design, number of patients, terminology used for the studied clinical
condition, as mentioned in the Methods section, terminology for the urgency or
severity of obstruction, and whether or not a definition of obstructive colon cancer was
provided in the Methods section.

22

Definition of obstruction by colorectal cancer: a systematic review

RESULTS
Study selection
The literature search yielded a total of 6797 articles (Figure 1). After exclusion of 2768
duplicates, 4029 articles were screened on title and abstract, where after 282 studies
remained for full text screening. After exclusion based on study design (n=123), 115
studies remained for final analysis including 16 RCTs (13.9%) and 99 prospective
observational studies (86.1%). The studies are summarised in Table 1.
Terminology
Main terms for the clinical condition that were adhered to in the included studies were
‘obstruction/obstructing/obstructive’ (n=105), ‘stricture’ (n=5), and ‘occlusion’ (n=2)
(Table 1). ‘Ileus’ was used in none of the included studies. In five studies, no specific
terminology was provided in the Methods section. The urgency of the clinical condition
was further specified in 34 studies: ‘acute’ (n=28), ‘complete’ (n=4), ‘emergency’ (n=1),
‘imminent’ (n=1), and three studies included patients of varying urgency (‘(sub)acute’,
’(in)complete’, ‘(sub)occlusion’).
Definition of obstructive colorectal cancer
In total, 42 of the 115 included studies (36.5%) provided a definition of obstructive
colorectal cancer: 5 of 16 RCTs (31.3%) and 37 of 99 prospective observational studies
(37.4%) (Table 1). The definitions of these 42 studies are displayed in Table 2, thereby
separating the used terms and descriptions for each of the five predefined elements.
The definition was solely based on clinical symptoms in 11 studies 5-15 or solely on radiological imaging in six studies16-21 (Figure 2). In the remaining studies, a combination of
clinical symptoms with or without duration, physical examination, endoscopic features
or radiological imaging was incorporated into the definition of obstruction. A combination of symptoms and physical examination was used in four studies,22-25 symptoms
including duration and physical examination in two studies,23,25 symptoms and
endoscopic features in one study,26 symptoms including duration and endoscopic
features in none of the studies, symptoms and radiological findings in six studies,27-32
symptoms including duration and radiological findings in two studies,28,29 symptoms,
physical examination and endoscopic features in one study,33 and symptoms, physical
examination and radiological findings in nine studies,34-42 with three of those also
including duration of symptoms.34,38,41 None of the studies included all five elements. A
radiological component was incorporated in 100% of RCTs (5/5) versus 54.1% of
prospective observational studies (20/37, p=0.07). No studies were identified that
formally validated a definition of obstructive colorectal cancer.
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Records identified through database search
(PubMed, EMBASE, the Cochrane Library)
n = 6797

Additional records identified through
other sources
n=0

Records screened on title and abstract
n = 4029

Records excluded
n = 3747

Eligibility

Full text articles excluded
n = 167
Full text articles assessed for eligibility
n = 282

Inclusion

Screening

Records after duplicates removed
n = 4029

Studies included for
analysis
n = 115

Wrong study design = 123
Full text not available = 34
Language other than English = 6
No colorectal obstruction = 3
No obstruction due to primary
colorectal cancer n = 1

Figure 1. PRISMA flow-chart.

Clinical symptoms
The most frequently reported clinical symptoms included abdominal pain, the inability
to pass stool or flatus, nausea, and/or vomiting. The CROSS score was used in two of 42
studies (4.8%),12,43 which focuses on the level of oral intake along with symptoms of
stricture. In three of the studies,11,43,44 absence of flatus determined the degree of
obstruction: if the patient was still able to pass flatus, the obstruction was yet incomplete. The required duration of symptoms for patients to be eligible for inclusion
was reported in eight studies.8,23,25,28,29,34,38,41 Three studies mentioned > 48 hours as a
minimum,23,25,28 whereas others used criteria such as symptoms for at least 12 hours38
or 24 hours,34,41 less than one week,29 or at least three months.8
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Acute left-sided colorectal cancer obstruction

Intestinal obstruction originating from the colorectal tract

Colonic stricture due to rectal or colon cancer

Large bowel obstruction

Left-sided obstructing colorectal adenocarcinoma

Malignant colorectal obstruction

Malignant lower rectal obstruction

Obstructing colorectal cancer

Acute left colonic obstruction

Malignant colorectal obstruction

Left-sided bowel obstruction of neoplastic origin

Malignant large bowel obstruction

Used term for colorectal obstruction

No

Yes

Yes

No

No

Yes

No

No

Yes

No

No

No

No

No

Yes

No
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Meisner

Song

Tominaga

Yang

Alcantara

Chakraborty

Luigiano

Marrelli

Meisner

Milek

Pirlet

Sule

van Hooft

Williams

Young

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

36

Jimenez
Fuertes
Larssen

35

Author
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2011

2011

2011

2011

2011

2011

2011

2011

2011

2011

2011

2012

2012

2012

2012

2012

2012

Year

P

P

RCT

P

RCT

P

P

P

P

P

RCT

P

P

P

P

P

P

Design

100

37

98

50

60

32

447

103

39

35

28

132

24

97

255

229

32

N

74

36

98

Large bowel obstruction

Acute left-sided colorectal obstruction presumed to be caused by a colonic
malignancy
Acute or subcate large bowel obstruction

Acute large bowel obstruction

Acute left-sided malignant large bowel obstruction

12

Obstruction

59a

Acute or symptomatic colonic obstruction

Intestinal occlusion of unknown origin

Large bowel obstruction secondary to malignancy

Malignant bowel obstruction

Complete intestinal obstruction due to tumour in left colon

Complete obstructive CRC

Malignant colorectal obstruction

Malignant colorectal obstruction

Acute or symptomatic colonic obstruction secondary to malignant neoplasms

Malignant obstruction of gastrointestinal and biliary tract

Obstruction

Used term for colorectal obstruction

6

416

22

32

19

28

132

20

70

226

37

Colonic
obstruction
by CRC (n)
12

No

No

Yes

Yes

No

No

No

Yes

No

Yes46

Yes45

No

No

Yes

No

No

No
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27

28

Branger

Dakubo

Hisanaga

Li

Moon

Mukai

Nagula

Park

Brehant

Cheung

Kim

MarasSimunic
Reza

Stenhouse

Baraza

Elsberger

53

54

55

56

57

58

59

60

61

62

63

64

66

67

68

65

Achiam

52

Author
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2008

2008

2009

2009

2009

2009

2009

2009

2010

2010

2010

2010

2010

2010

2010

2010

2010

Year

P+R

P

P

P

P

P

RCT

P

RCT

P

P

P

P

P

P

P

P

Design

7

63

72

8

44

122

48

30

151

44

8

68

52

46

359

93

14

N

6

56

72

8

41

83

48

30

120

21

8

68

52

13

359

93

Colonic
obstruction
by CRC (n)
7

Acute large bowel obstruction

NR

Large bowel obstruction in patients diagnosed with malignant colon cancer

Acute colonic obstruction secondary to advanced colorectal cancer

Acute colon obstruction caused by colorectal cancer

Malignant colorectal obstruction

Obstructing left-sided colon cancer

Complete acute malignant colorectal obstruction

Malignant colorectal obstruction

Malignant large bowel obstruction

Complete bowel obstruction due to left colon cancer or rectal cancer

Malignant colorectal obstruction

Acute malignant colorectal obstruction

Malignant bowel obstruction

NR

Obstructing neoplastic lesion in left sided colon or rectum

Obstructive colon carcinoma

Used term for colorectal obstruction

No

No

Yes

No

Yes

Yes

No

Yes

No

Yes

No

No

No

Yes

No

No

No
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Fregonese

Im

Jiang

Nagata

Repici

van Hooft

Varpe

Wong

Alcantara

Choi

Lee

Mitchell

Olmi

Repici

Song

Tsurumaru

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Author
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2007

2007

2007

2007

2007

2007

2007

2007

2008

2008

2008

2008

2008

2008

2008

2008

Year

P

P

P

P

P

P

P

P

P

P

RCT

P

P

P+R

P

P+R

Design

12

151

44

25

455

80

74

95

286

26

21

42

13

143

49

36

N

8

115

44

NR

195

70

74

95

212

26

21

41

13

143

36

Colonic
obstruction
by CRC (n)
35

Malignant colorectal obstruction

Colorectal stricture because of a malignant intrinsic endoluminal tumour or
tumour recurrence after surgical resection
Symptomatic malignant colorectal obstruction

Left bowel obstruction

NR

Malignant colorectal obstruction

Emergency clinical diagnosis of obstruction of the colon or rectum after clinical
and radiological suspicion
Colorectal obstruction caused by colorectal carcinoma

NR

Obstructive colorectal cancer

imminent obstruction in patents with stage IV left-sided colorectal cancer

Large bowel obstruction secondary to malignancy

Obstructive colorectal cancer

Bowel obstruction

Malignant colorectal obstruction

Malignant rectosigmoid or colorectal strictures

Used term for colorectal obstruction

No

Yes

No

Yes

No

Yes

No

Yes

No

No

No

Yes

Yes

No

No

Yes
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30

Ptok

Vitale

GallardoValverde
Kim

Lim

Poon

Syn

Villar

Law

Maeda

Park

Shim

Tekkis

Tomiki

Vanbiervliet

Xinopoulos

86

87

88

90

91

92

93

94

95

96

97

98

99

100

101

89

McArdle

85

Author
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2004

2004

2004

2004

2004

2004

2004

2004

2005

2005

2005

2005

2005

2005

2006

2006

2006

Year

RCT

P

P

P

P

P

P

P

P

P

P

RCT

P

P

P

P

P+R

Design

30

41

35

989

7

151

30

52

63

17

160

53

149

43

57

48

2068

N

24

32

14

989

5

151

19

41

63

11

160

53

112

23

57

48

Colonic
obstruction
by CRC (n)
471

Malignant colonic obstruction

Bowel occlusion or subocclusion due to cancer

Malignant colorectal obstruction

Malignant large bowel obstruction

Proximal colonic obstruction due to cancer

Obstructing left-sided colonic cancer

Colonic obstruction

Malignant left-sided colonic obstruction

Intestinal obstruction secondary to left-sided neoplasms

Large bowel obstruction

Malignant colorectal obstruction

Obstructing CRC

Malignant left-sided large bowel obstruction

CRC patients with intestinal obstruction

Acute neoplastic colon obstruction

Malignant colorectal obstruction (decompensated tumour stenosis)

Obstruction

Used term for colorectal obstruction

No

No

No

Yes

Yes

No

No

No

No

No

Yes

Yes

Yes

No

No

Yes

No
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DeGregorio

MartinezSantos
Seymour

Vrazas

Wong

Mao

Tanaka

Camunez

Grunshaw

Laval

Law

Repici

Tamim

103

104

106

107

108

109

110

111

112

113

114

115

2000

2000

2000

2000

2000

2000

2001

2001

2002

2002

2002

2002

2002

2003

Year

P

P

P

RCT

P

P

P

P

P

P

P

P

P

P

Design

10

16

24

29

45

80

36

281

16

12

20

72

21

61

N

7

16

18

NR

21

54

36

39

14

12

20

72

18b

Colonic
obstruction
by CRC (n)
61

(In-)complete bowel obstruction due to primary or recurrent rectosigmoid
adenocarcinoma
Acute large bowel obstruction

Malignant obstruction of the left colon or rectum

Malignant bowel obstruction

Colonic obstruction

Acute malignant colonic obstruction

Acute colorectal obstruction caused by colorectal carcinoma

Malignant obstruction of digestive tract

Acute malignant large bowel obstruction

Intestinal obstruction

Acute and complete colonic obstruction secondary to malignant left-sided
colorectal lesions
Obstructing colonic cancer

Acute malignant colonic obstruction

Malignant left-sided colonic obstruction

Used term for colorectal obstruction

Yes

Yes

No

Yes

Yes

No

Yes

No

No

No

No

No

No

No

Definition in
Methods?

P = prospective observational cohort study; RCT = randomised controlled trial; R = retrospective cohort study; NR = not reported; CRC = colorectal cancer; CT = computed
tomography; a Tumour location unknown in 1 patient; b Insufficient tissue at pathological examination in 3 patients

105

Law

102

Author
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31

32

Bayrak

Fiori

Takahashi

Saito

Matsuzawa

Di Mitri

Kim

Ding

1

2

3

4

5

6

7

8

Author

2013

2014

2014

2015

2016

2018

2018

2019

Year

Symptoms resulting in
difficulty in defecation

ColoRectal Obstruction
Scoring System (CROSS)
Complete obstruction:
inability to pass flatus.49
Remaining cases:
incomplete obstruction.
+
ColoRectal Obstruction
Scoring System (CROSS)
Unable to pass stool and
gas, vomiting, abdominal
pain, paradoxical diarrhea
Constipation

No bowel movements
during last 24 hours,
fecaloid vomiting
Symptoms of severe
obstruction lasting for
> 3 months
Pain

Clinical symptoms

NR

NR

NR

NR

NR

NR

> 3 months

During last 24
hours

Duration of
symptoms

NR

Abdominal
distention

NR

NR

NR

Abdominal
distention

NR

Abdominal
distention

Physical
examination

Endoscopic features of
colonic obstruction and
colonoscope with diameter
12.2 or 13.2 mm could not
pass through the stricture
NR

NR

Complete obstruction:
inability to endoscopically
visualise the proximal
lumen.49 Remaining cases:
incomplete obstruction.

NR

Severe colonic obstruction
on endoscopic imaging

NR

NR

Endoscopic features

NR

NR

NR

Complete obstruction: inability
of water-soluble contrast to
pass proximal to the lesion 49.
Remaining cases: incomplete
obstruction.

Dilatation of the colon on plain
or enhanced abdominal CT
scan
NR

NR

Enlarged colonic loops

Radiological imaging

Table 2. Provided definitions for colorectal obstruction in prospective studies, divided into five predefined elements.
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Yoshida

Cennamo

Chou

Ho

Song

Alcantara

Chakraborty

Marrelli

Sule

Van Hooft

9

10

11

12

13

14

15

16

17

18

Author

2011

2011

2011

2011

2011

2012

2012

2012

2012

2013

Year

Table 2. Continued.

Abdominal pain,
constipation
Constipation, abdominal
pain, nausea
Clinical signs of severe
colonic obstruction that
had existed for less than 1
week

Nausea, vomiting, pain46

Abdominal pain, complete
blockage of bowel transit
and flatus
Symptoms resulting in
defecation difficulty
Vomiting, abdominal pain,
inability to pass stools
Symptoms that resulted in
defecation difficulty
NR

Complete obstruction:
inability to pass flatus.
Remaining cases:
incomplete obstruction.49

Clinical symptoms

< 1 week

NR

NR

NR

NR

NR

NR

NR

NR

Duration of
symptoms
NR

Abdominal
distention46
Abdominal
distention
Abdominal
distention
NR

NR

Abdominal
distention
NR

NR

Abdominal
distention

Physical
examination
NR

NR

NR

NR

NR

NR

NR

NR

NR

Complete obstruction: lack
of endoscopically visible
proximal lumen. Remaining
cases: incomplete
obstruction.49
NR

Endoscopic features

Diagnosis of complete
intestinal obstruction due to
tumour in left colon using
abdominal CT45
Corresponding findings on CT
scan of abdomen and pelvis46
Air-fluid levels suggestive of
mechanical ileus
Radiographic features of large
bowel obstruction
Dilation of the colon on either
plain abdominal radiograph,
with typical abnormalities on a
gastrografin enema study, or
contrast-enhanced CT scan

NR

Dilated colon

NR

Complete obstruction: lack of
water-soluble contrast passing
proximally to the lesion.
Remaining cases: incomplete
obstruction.49
Dilated bowel proximal to the
site of obstruction

Radiological imaging
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33

34

Nagula

Brehant

Kim

MarasSimunic
Stenhouse

Fregonese

20

21

22

23

25

24

Hisanaga

19

Author

2008

2009

2009

2009

2009

2010

2010

Year

Table 2. Continued.

Abdominal/perianal pain,
nausea, vomiting, bloating,
decreased stool caliber,
hematochezia, tenesmus,
urgency, rectal bleeding,
incontinence, melena

NR

Symptoms resulting in
difficulty in defecation
Altered bowel habits

Nausea/vomiting or
abdominal pain
Progressive constipation,
multiple small bowel
movements daily,
abdominal pain, and
nausea and vomiting
NR

Clinical symptoms

NR

NR

NR

NR

NR

NR

Duration of
symptoms
NR

NR

NR

NR

NR

NR

Physical
examination
Abdominal
distention
Abdominal
distention

NR

NR

NR

NR

NR

NR

NR

Endoscopic features

Complete obstruction: No
retrograde flow of
gastrograffin or bowel
dilatation proximal to a
transition zone followed by
distal bowel collaps on CT.
Incomplete obstruction:
Partially obstructing lesion
with retrograde flow of
gastrograffin.
NR

NR

Colon distention, upstream
malignant stenosis
NR

NR

NR

Radiological imaging

Chapter 1

Nagata

Repici

Alcantara

Lee

Olmi

Song

Ptok

26

27

28

29

30

31

32

Author

2006

2007

2007

2007

2007

2008

2008

Year

Table 2. Continued.

NR

Obstipation or constipation
> 48 hours, nausea,
vomiting, or cramping
abdominal pain
Symptoms such as severe
constipation longer than 48
hours, nausea, vomiting,
and cramping abdominal
pain
Difficulty in defecation

Inability to pass flatus or
stool through the anus for
more than 24 hours
NR

NR

Clinical symptoms

NR

NR

> 48 hours

> 48 hours

NR

> 24 hours

Duration of
symptoms
NR

NR

NR

Abdominal
distention

Abdominal
distention

NR

Bowel distention

Physical
examination
NR

Tumour stenosis that could
not be passed with a normal
colonoscope

NR

NR

NR

NR

NR

NR

Endoscopic features

Manifest ileus or prestenotic
dilation of the colon exceeding
6 cm

NR

NR

Only provided for incomplete
obstruction: Bowel dilatation
seen at CT with some contrast
medium passing through the
tumour
NR

Bowel distention in segments
proximal versus distal from the
lesion
Radiographic evidence of ileus

Radiological imaging
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35

36

Kim

Lim

Poon

Shim

Tekkis

Tanaka

33

34

35

36

37

38

Author

2001

2004

2004

2005

2005

2005

Year

Table 2. Continued.

Clinical or radiologic
evidence of distended large
and/or small bowel
secondary to colorectal
cancer and presenting as an
emergency
NR

Abdominal pain and
constipation
Constipation lasting longer
than 48 hours, vomiting, or
cramping abdominal pain

Delay of stool

Complete obstruction: NR.
Nearly complete
obstruction:
Abdominal pain in bowel
preparation for colon study

Clinical symptoms

NR

NR

> 48 hours

NR

NR

Duration of
symptoms
NR

NR

NR

Abdominal
distention
NR

NR

Physical
examination
NR

NR

NR

NR

NR

Complete obstruction: NR.
Nearly complete
obstruction: Complete
colonoscopic examination
was impossible because of
narrowing
NR

Endoscopic features

Bowel dilation, formation of
air-fluid level and presence of
tumour with plain abdominal
radiography and CT rather
than contrast media

Large bowel distention on
plain supine abdominal
radiograph with confirmation
on flexible sigmoidoscopy
and/or CT of the abdomen or
pelvis
Dilated bowel proximal to the
site of obstruction
Conventional radiographic
evidence of colonic obstruction
on a barium enema
examination
Clinical or radiologic evidence
of distended large and/or small
bowel secondary to colorectal
cancer and presenting as an
emergency

NR

Radiological imaging

Chapter 1

Laval

Repici

Tamim

40

41

42

2000

2000

2000

2000

Year

Complete obstruction: no
passage of gas and feces
Incomplete obstruction:
only passage of gas
Not passing stool or gas via
the rectum

At least 3 criteria: vomiting
at least twice a day, colicky
abdominal pain, no flatus
for 12 hours or more, no
stool for at least 4 days
(excluding cases of faecal
impaction)

Clinical or radiological
findings suggestive of distal
small bowel or colonic
obstruction

Clinical symptoms

NR

At least 3 criteria:
vomiting at least
twice a day, colicky
abdominal pain, no
flatus for 12 hours
or more, no stool
for at least 4 days
(excluding cases of
faecal impaction)
NR

Duration of
symptoms
NR

NR

NR

Intestinal
distention

Physical
examination
NR

NR

NR

NR

NR

Endoscopic features

NR

Fluid or gas-filled colon,
terminating abruptly with
collapsed colon distally, with
or without the presence of a
mass lesion
Air-fluid levels or the absence
of large bowel gas on
abdominal X-ray

Radiological imaging

Signs of complete obstruction
on plain radiography, CT scan
or contrast-enhanced enema
P = prospective observational cohort study; RCT = randomised controlled trial; R = retrospective cohort study; NR = not reported; CRC = colorectal cancer; CT = computed
tomography

Grunshaw

39

Author
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Physical examination
Findings during physical examination that were included into definitions of colorectal
obstruction included abdominal distention in 13 studies,22-25,33-37,39,40,42,47 bowel distention in one study,41 and intestinal distention in one study.38
Endoscopic features
Endoscopic features were included into the definition of obstruction in six studies, and
were described as ‘the inability of the endoscopist to visualise the proximal lumen’,43,44
‘a stenosis that could not be passed with a colonoscope’,33,48 or ‘severe colonic
obstruction on endoscopic imaging’.47 One study specifically defined nearly complete
obstruction using endoscopic features: ‘complete colonoscopic examination was impossible because of narrowing’.26
Radiological imaging
Descriptions of findings during radiological imaging as one of the elements of the
definition of obstruction included ‘enlarged colonic loops’, ‘dilated colon proximally to
the lesion’, ‘termination of a fluid- or gas-filled colon by a collapsed colon distally’,
‘inability of contrast to pass proximal to the lesion’, ‘some contrast passing the tumour
in case of incomplete obstruction’, and ‘air-fluid levels suggestive of ileus’.

Figure 2. Percentages of studies reporting each (combination of) element(s) within
their definition.
S = symptoms; PE = physical examination; E = endoscopic features; R = radiological imaging
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DISCUSSION
The current systematic review reveals an important shortcoming in the available
literature on large bowel obstruction by colorectal cancer regarding the definition of
the relevant clinical condition, as well as the specification of the urgency of obstruction.
Even after eligibility was confined to only randomised and prospective observational
studies, we found that only 42 of the 115 included studies (36.5%) provided any
definition of obstruction and only 34 studies (29.6%) specified the urgency. The
proportion of studies providing any definition was similar for RCTs (31%) and nonrandomised observational cohort studies (37%). Definitions varied extensively
regarding the terms and descriptions that were used, as well as the number and
combinations of the five predefined elements that were incorporated. Most studies
used a combination of clinical symptoms with or without duration and findings during
radiological imaging to define malignant colorectal obstruction. All RCTs using a
definition for obstruction incorporated radiological signs to confirm the presence of
obstruction, while this was the case in only half of prospective observational studies.
The required duration of symptoms for inclusion varied from 12 hours up to 3 months.
Regarding the terminology of the clinical condition, ‘obstruction’ or similar words were
mostly used. However, given the fact that this term can apparently be used independent from the degree of obstruction, it seems necessary to further specify this
condition. Considering the desired relevance of the definition for therapeutic decisionmaking, one should name the condition that indicates the necessity for an emergency
intervention, either surgical or endoscopic. ‘Acute obstruction’ probably best expresses
this clinical scenario, while ‘complete obstruction’ wrongly implicates that one can
reliably assess the degree of obstruction by any measure. If urgency was specified,
‘acute’ was used in the vast majority of studies.
Clinical symptoms that were included into the definitions were abdominal pain, nausea,
vomiting, and several words and phrases referring to problems with passing stools or
flatus. Reporting these symptoms may vary between physicians according to
differences in education, specialisation, and experience, besides geographical and
psychosocial differences in the way patients present their symptoms, and thus be
subject to inter-observer variability. Some of the symptoms are relatively unspecific,
such as abdominal pain and nausea. Vomiting is a more objective symptom, but only
presents in the case of malignant obstruction if the small bowel dilates with
insufficiency of the ileocecal valve. Inability to pass stools or flatus might also be difficult
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to judge, and terms such as ‘constipation’, ‘change in bowel habits’ or ‘difficulty in
defecation’ do not seem to be appropriate to define acute obstruction.
Duration of symptoms was infrequently described and varied between 12 hours and 3
months. Notably, several studies used a minimum of 24 hours or even 12 hours of not
passing stools or flatus as a criterion for inclusion. However, this might also be the case
in physiological circumstances, raising the question if adding an interval of 24 hours or
less to the definition of colorectal obstruction regarding bowel movements is of any
relevance. If one would consider including passage of stools or flatus as part of the
definition of acute obstruction, the minimal duration should probably be at least 48
hours.
Radiological confirmation of obstruction is probably one of the essential elements of
the definition. However, in order to define the condition as an emergency, it also seems
essential that symptoms should be included into a definition of acute obstruction in
combination with at least the presence of abdominal distention during physical
examination. The other way around, abdominal distention during physical examination
in the absence of any related symptoms can contribute to defining acute colorectal
obstruction.
In the case of emergency surgery, colonoscopy is often not performed before resection
or construction of a decompressing stoma. This was confirmed by the current
systematic review, in which endoscopic characteristics were infrequently part of the
requirements for having obstructive colorectal cancer. Furthermore, endoscopic
features such as inability to pass with the endoscope might be observed in the absence
of any clinical or radiological signs of obstruction. For these reasons, endoscopic
features should probably not be included in the definition of acute obstruction. In
contrast, a CT scan showing dilated colon proximal to a malignant appearing stenosis is
probably one of the most reliable elements of a definition of obstruction.50 The only
difficulty for radiologists is to distinguish obstruction from colonic dilatation or pseudoobstruction, and a contrast enema can help to differentiate. Furthermore, the clinical
diagnosis only fits into ‘acute obstruction’ in combination with at least one clinical
criterion such as vomiting, distended abdomen or not passing stools or flatus for at least
48 hours.
The required maximum interval between presentation and first intervention, reflecting
urgency, and severity of the obstruction, was reported even less frequent than duration
of symptoms. In one RCT,29 patients had to be treated with either SEMS or surgery
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within 24 hours of randomisation. Although such a criterion might add to the definition
of acute obstruction, incorporating timing of subsequent therapeutic interventions is
probably not the purest way of defining a clinical condition. Considering therapeutic
consequences, it is also of relevance that the ESGE guideline of 2020 recommends
against prophylactic colonic SEMS placement. According to the guideline, SEMS is only
indicated in patients with both obstructive symptoms and radiological findings
suspicious of malignant large bowel obstruction, because of the potential risks
associated with colonic stenting.2 An unclear distinction between acute and imminent
obstruction may result in overtreatment of patients who might experience relief of mild
symptoms by for example laxatives with subsequent semi-elective surgery. This
underlines the need to talk about ‘acute obstruction’, as mentioned before.
Recently, a scoring system was developed by a Japanese group (the ColoRectal Obstruction Scoring System, CROSS) in order to evaluate the degree of colorectal
obstruction and consequently aid in the choice of treatment of patients with
obstructive colorectal cancer.3 This scoring system focuses on the level of oral intake
along with symptoms of stricture, including abdominal pain or cramps, abdominal
distention, nausea, vomiting, constipation, and diarrhea. The less able a patient is to
eat soft solids, the lower the CROSS score. However, this scoring system is infrequently
used in literature. This was confirmed by the current systematic review, with only 2 of
42 studies (4.8%) adhering to the CROSS scoring system. A disadvantage of this scoring
system is the lack of any radiological criteria. Before widespread implementation, such
a scoring system has to be assessed regarding its relevance to therapeutic decisionmaking and subsequent clinical outcome parameters. Subsequently, validation is
required in different clinical settings.
Limitations of the present review are related to the selection of studies. Besides RCTs,
we decided to include studies with a prospective study design. However, the term
‘prospective’ does not necessarily mean that a complete research protocol had been
written before data collection, and might only indicate that for example patients were
prospectively identified. This might explain the low proportion of provided definitions,
although the proportion was similar for RCTs. In addition, because of the rather long
inclusion period, the methodological criteria of designing and reporting prospective
studies as well as the diagnostic work-up of such patients have likely changed over time.
Furthermore, insight into the clinical relevance of for example the urgency of the
obstruction might have increased.
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In conclusion, obstruction by colorectal cancer was not clearly defined and its urgency
not specified in the majority of the included prospective studies in the current
systematic review. Radiological imaging showing distended bowel proximal to a
suspicious malignant stenosis seems an essential element of a definition of obstruction
by colorectal cancer. If combined with a distended abdomen during physical
examination with or without specific clinical symptoms, this can define the clinical
condition of ‘acute obstruction’ with required relevance for therapeutic decisionmaking. Consensus on one uniform definition is warranted, in order to reduce overtreatment of imminent obstruction, to improve comparability of literature, to facilitate
guideline development, and to enable benchmarking within a clinical audit.
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ABSTRACT
A self-expandable metal stent (SEMS) can be used to decompress dilated bowel
proximal to a malignant stricture, either in the palliative setting or as a bridge to
potentially curative oncological resection. Colonic strictures can also be caused by
extracolonic malignancy. Whatever the primary cause of obstruction, several
considerations need to be made before, during, and after the stent placement
procedure. An abdominal CT scan is mandatory to assess the severity of the bowel
distention, localize the obstruction, assess the severity, length, and angulation of the
stenosis, and look for contra-indications for colonic stenting such as bowel perforation
or multi-level obstructions. Incomplete obstructions could be carefully treated with oral
laxatives and enemas. In other cases, endoscopic stent placement should be considered
with distal preparation only. Endoscopy will reveal additional information about the
nature and accessibility of the obstruction. If the endoscopy can be passed through the
obstruction, it is safe not to place a stent and continue laxation. In addition, experience
with colonic stenting and simultaneous treatment with chemotherapy +/- antiangiogenic treatment are important factors to take into account beforehand. Finally,
expectations regarding clinical relief and potential adverse events need to be known
and discussed with the patient. In the current chapter, practical considerations
regarding colonic stent placement are discussed, based on expert opinion and literature
review.
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INTRODUCTION
A self-expandable metal stent (SEMS) can be used to decompress dilated bowel
proximal to a malignant stricture. This can be performed either in the palliative setting
or as a bridge to elective, potentially curative oncological resection.1-3 Regarding the
latter situation, time is created for restoration of the patient’s condition. Colonic
obstruction can also be caused by extracolonic malignancy, for example peritoneal
metastases. Whatever the primary cause of obstruction, several factors need to be
considered before, during, and after the stent placement procedure. In the current
chapter, practical considerations regarding colonic stent placement are discussed,
based on expert opinion and literature review.
INITIAL CONSIDERATIONS
Clinical criteria for colonic obstruction
Colonic obstruction is not well defined in literature. In clinical practice, acute symptomatic colonic obstruction usually includes abdominal distention with nausea and/or
vomiting, and without oral intake and/or bowel movements for a few days before
presentation. However, obstruction might also be subacute, with varying possibility to
eat or drink, with some changes in bowel movements and without abdominal
distention. In 2012, a Japanese group developed the ColoRectal Obstruction Scoring
System (CROSS) in order to evaluate the degree of colonic obstruction. Taking into
account abdominal symptoms and oral intake, this scoring system aims to facilitate
clinical decision making regarding treatment for patients with obstructive colorectal
cancer (Table 1).4
Table 1. ColoRectal Obstruction Scoring System (CROSS).4
Level of oral intake
Requiring continuous decompressive procedure
No oral intake
Liquid or enteral nutrient
Soft solids, low-residue, and full diet with symptoms of stricture
Soft solids, low-residue, and full diet without symptoms of stricture

Score
0
1
2
3
4

Symptoms of stricture contain abdominal pain/cramps, abdominal distention, nausea, vomiting,
constipation, and diarrhea, which are related to gastrointestinal transit.
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Due to the large variation in clinical presentation of colonic obstruction with many
discrepancies between clinical symptoms and “what is really going on”, it is advised that
any clinical suspicion of obstruction should be evaluated by abdominal CT imaging
before interventional decisions are made. This variation explains the conflicting results
that have been published on the association between degree of symptomatic colonic
obstruction and stenting results. On the other hand, it has been demonstrated that the
most severe clinical ileus (CROSS score of 0) is an independent risk factor for technically
difficult stent placement (OR 1.6, 95% CI 1.03-2.59, p<0.05).5 Regarding stent-related
adverse events, two retrospective studies using slightly different definitions of colonic
obstruction, could not identify clinical obstruction status as a risk factor.6,7
Radiological evaluation of colonic obstruction
In patients presenting with acute symptomatic colonic obstruction, an abdominal CTscan is indicated, to evaluate the level of bowel distention, the etiology, to perform
oncological staging, and to look for contraindications for stent placement such as
perforation and multi-level obstructions. Before placement of a colonic stent, CT
imaging is specifically useful to determine the length and exact location of a malignant
stenosis. Measuring the length of the stricture remains subject to inter-observer
variation. In our experience, radiologists tend to describe tumour length. However, the
endoscopist usually needs the length of the tight part of the stenosis, which may be
considerably shorter. A thoracic CT scan can be added for full staging of primary colon
cancer.
Stent placement is contra-indicated in the case of colonic perforation at presentation
with free air on CT imaging. Pneumatosis intestinalis in the setting of an ileus is often
indicating bowel ischemia, necessitating an acute surgical intervention. However,
pneumatosis has a large variety of other potential causes such as a recent colonoscopy,
diseases affecting gastrointestinal motility (e.g. diabetes mellitus), and inflammatory
bowel disease (IBD), emphasising the need for correlation with clinical signs.
Functioning of the ileocecal valve partly determines the severity of bowel dilation
following colonic obstruction. A competent ileocecal valve will create a closed-loop
obstruction by closing off the colon proximal to the obstruction.8,9 Subsequently, the
cecum will distend, with ischemia or even a blowout as a potential complication. The
risk of cecal perforation is reported to be increased with a cecum diameter of 9 to 12
cm,9,10 although more chronic colonic obstruction may cause the cecum to gradually
extend up to even more than 10 cm without a consequent blowout.11 In contrast, an
insufficient ileocecal valve causes the effects of colonic obstruction to extend to the
small bowel, with signs of small-bowel dilation on CT imaging as a result.

50

Endoscopic management of malignant colorectal strictures

If CT imaging reveals signs of local ingrowth (cT4 stage), patients are usually less suitable
for stenting. Many of these tumours are large and bulky, which might impair technical
success. Furthermore, neoadjuvant therapy is increasingly applied for cT4 colon cancer
in the curative setting, based on studies that showed lower R1 resection rates12 and
positive effects on survival. 13-16 Leaving a stent in situ during this period of neoadjuvant
therapy seems unattractive with risks of perforation and migration, although there is
no literature to support this. On the other hand, it may be the best way to relieve the
ileus, thus enabling adjuvant treatment. Other aspects of oncological staging by CT
includes evaluation of liver, locoregional and para-aortic lymph nodes, and the
peritoneum for the presence of metastases. CT imaging might also reveal extracolonic
causes of obstruction, such as an ovarian mass. These findings should be incorporated
into a multidisciplinary decision making process on the best treatment approach.
One should realise that lodging of the stent against the inner anus may be intolerable
for the patient. Therefore, distally located rectal tumours are unsuitable for stent
placement.
Endoscopic evaluation of colonic obstruction
Close endoscopic evaluation of the stricture is of importance, as colonic obstruction
might be caused by both left-sided and right-sided colonic cancer, as well as by
peritonitis carcinomatosa, diverticulitis, and external malignant compression with their
own influence on technical and clinical success of colonic stenting.
When imaging shows signs of peritonitis carcinomatosa, multi-level obstructions are
usually present or will be in the forthcoming weeks. In addition, when external
compression for instance by ovarian cancer is present, changes of technically successful
stent placement are lower. Data mainly from retrospective series on colonic stenting
for strictures by extracolonic lesions revealed technical success rates ranging from 67%
to 96%, whereas reported clinical success ranged between 20% and 96%17-22, which
both are notably lower than success rates following stenting for primary colon cancer.
However, it may be the only remaining option for the patient. Contradicting results
have been reported on the risk of adverse events.6,20,23 However, compared to
decompressive surgery in the emergency setting, stenting of obstruction by
extracolonic malignancies has shown lower complication rates.17
Benign lesions might be mistaken endoscopically for colorectal cancer. In a recent
randomised controlled trial on stent versus emergency surgery,24 14% of patients had
to be excluded post-randomisation because their lesions suspected to be malignant on
CT imaging turned out to be benign. Most benign lesions that mimic primary colonic
cancer are due to diverticular disease3, although ischemic strictures of invaginations on
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a large polyp are also encountered. Colonic stenting in an area with active diverticulitis
may promote abscess formation and perforation, and has been associated with
increased risk of perforation. A systematic review published in 2014 showed a 17%
perforation rate following stenting in patients with diverticular stenosis.25 In addition,
it remains a difficult issue whether a malignancy is hidden in the central area of the
inflamed segment with diverticulitis. This central area may be difficult or dangerous to
reach by endoscope and biopsies taken at the beginning of the stenosis are usually not
representative. Due to the often urgent setting caused by colonic obstruction, however,
pathological confirmation with biopsies prior to stent placement is often not feasible.
If pathology results reveal a benign cause of obstruction after colonic stenting has
already been performed, early resection of the obstruction with the stent in situ is
required.
Endoscopic signs of colonic obstruction do not always correlate with severity of clinical
symptoms. Stent placement is not advised in patients with clinical and radiological signs
of obstruction but with a stenosis that can be passed with the standard size endoscope.
Although there is a relative stenosis, the obstruction will most probably be caused
mainly by fecal impaction. These patients should be treated with laxatives instead.
Otherwise, in the case of a stenosing tumour that cannot be passed with the endoscope
but without clinical symptoms, stenting is not the preferred approach either. Those
patients are better treated with laxatives and early surgical resection.26
Colonic stents are usually placed within the left-sided colon (splenic flexure to the
rectosigmoid). The local situation may be complicated by angulation, although usually
the tumorous part itself is not sharply angulated. Angulation of adjacent loops may
render it very difficult to get the endoscope into a position suitable for stent placement.
The need for a longer stent in these locations can be prevented when the endoscopist
takes care not to put the upstream part of the stent too far out of the tumour – keep it
as tight as possible. This may be technically demanding. A retrospective study of 474
patients identified stent placement in the sigmoid as an independent risk factor for
early perforation within 14 days after stent placement (OR 7.71, 95% CI 1.68-35.32),
whereas the splenic flexure was an independent risk factor for delayed stent-related
perforation (HR 17.57, 95% CI 2.00-154.09).6
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Figure 1. Colonic stent placement.

Image courtesy of: F. ter Borg, MD, PhD, Deventer Ziekenhuis, the Netherlands

Less frequently, stents are placed in the right-sided colon (cecum to splenic flexure).
Studies comparing stent placement in the right-sided versus the left-sided colon
showed a trend towards lower technical success for right-sided stenting.27-29 Recent
studies including a systematic review that compared colonic stenting and emergency
resection in the right-sided colon revealed lower short-term mortality, lower major
morbidity, and fewer permanent stomas for patients treated with colonic stent
placement.30,31
Oncological setting (curative / palliative intent)
Intention of treatment is of particular importance if placement of a colonic stent is
considered. The controversy about the oncological safety of stent placement is still not
settled and this plays a role in the patient with potentially curative disease. On the one
hand, tumour perforation by a stent is feared to be associated with a higher risk of local
recurrence; on the other hand, survival data do not show a higher incidence of
recurrences and no inferiority of stent placement with regard to oncological long-term
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outcomes. The problem is, however, that most studies have suboptimal methodology,
such as selection bias, retrospective analysis, small sample sizes and low inclusion rates.
Given these unsettled controversies, patient-centered multi-disciplinary decisionmaking is mandatory in every case.
Whether a patient with obstructive colon cancer can be treated with curative intent is
sometimes difficult to determine in the acute setting. Curative options are increasing
for patients with metastatic disease. Synchronous liver metastases require evaluation
in a multidisciplinary team, regarding the possibility of local treatment by surgery or
ablative techniques, either with or without induction systemic therapy. Increasing
effectiveness of chemotherapy and targeted agents may convert metastatic patients to
an intentional curative treatment approach. The role of neoadjuvant systemic therapy
for locally advanced tumours is also expanding following promising results of studies
such as the FOxTROT trial.12 If systemic neoadjuvant therapy can be started in an early
phase and is effective, it is sometimes possible to treat the ileus conservatively hoping
for a rapid effect of neoadjuvant therapy. This is particularly the case with immunotherapy. Thus, the need for stent placement should be determined by the clinical
setting and whenever possible in a multidisciplinary team.
Stenting experience
Experience in colonic stent placement is considered an important factor in the safety
and efficacy of the procedure. First, the colon is usually not very clean, and insufflation
of air should be limited to the minimum. Negotiation of a tortuous and diverticular
sigmoid can be demanding under these circumstances. Second, the engagement and
negotiation of the rudimental lumen in the tumour can be difficult in an often much
angulated situation. Angulation often requires considerable force to push the stent out
of the endoscopy and deploy it correctly. In addition, with the stent in the endoscope,
suction is no longer possible and given the release of fecal contents during engagement
of the stenosis with the stent, visibility can completely disappear.
Literature on the learning curve of colonic stenting is scarce, and there is no consensus
on a certain number of procedures after which proficiency is reached. Two studies
showed better technical success after at least 20 colonic stent placements,32,33 whereas
others suggested a minimum of 10 procedures for a significant improvement in
technical and clinical success34 and 30 procedures for reduction in procedure time.23
Another study found an increased major complication rate of procedures performed by
endoscopists inexperienced in doing ERCPs compared to ERCPists, including more
immediate perforations.35 Colonic stent placement shows many parallels with ERCPs,
such as the negotiation of the malignant stricture by a guidewire using fluoroscopy and
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the deployment of a self-expanding stent. Although minimal volumes are difficult to
define, prerequisites for colonic stenting are at least demonstrated competence in both
colonoscopy and fluoroscopic techniques.
Chemotherapy with or without anti-angiogenic treatment
Concerns exist about colonic stenting in patients who are on systemic therapy or who
are expected to start such treatment. Although chemotherapy seems safe in combination with colonic stenting in a palliative setting7, treatment with anti-angiogenic
agents such as bevacizumab has been associated with increased risk of stent-related
perforation.35-37 Nevertheless, the absolute risk increase for perforation is around 5%
when a stent is already in place, and should probably be weighed against the gain in
survival by adding this targeted therapy to chemotherapy.38 Recent studies even
suggested that treatment with bevacizumab with a colonic stent already in situ does
not increase the risk of complications.6,39 However, a stent should not be placed in
patients currently treated with bevazicumab based on a large retrospective study by
Bong et al.,40 showing a substantially increased risk of complications requiring surgery
(HR 5.69). A decompressing stoma might then be a good alternative.
Furthermore, although data is still scarce, our personal experience suggests that stent
placement during treatment with immunotherapy in microsatellite-instability (MSI)
positive colorectal cancers might increase the risk of tumour necrosis and perforation.
Therefore, additional caution is required in the case of simultaneous colonic stent
placement and immunotherapy until data refute this.
CHOOSING THE APPROPRIATE STENT
Covered versus uncovered SEMS
Colonic stenting can be performed using uncovered, partially covered, or fully covered
stents. Meta-analyses on covered versus uncovered SEMS placement for left-sided
obstructive colon cancer reveal that uncovered SEMS are associated with a higher risk
of tumour ingrowth, but with a lower total complication rate including fewer migrations, reinsertions, and tumour overgrowth, as well as longer SEMS patency.41-43 Based
on these data, there is a preference for uncovered stents, because risk of ingrowth is
not relevant if used as bridge to surgery, and ingrowth in the palliative setting can often
be effectively managed.
Stent length
Stents used for decompression of colonic obstruction vary from 6 to 12 cm in length.44
When choosing an appropriate stent length, it is important to realise that most stents
become shorter with full deployment. Studies have shown conflicting results regarding
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the ideal stent length. Shorter stents have been reported to be associated with reintervention,45 whereas others found better six-month survival without stent
dysfunction.46 Other studies could not find any significant relation at all between stent
length and technical success, clinical success, or adverse events.34,47-53 A post-hoc
analysis of a prospective observational study5 showed that stricture length of at least 5
cm is an independent risk factor for technically difficult stent placement (OR 2.2, 95%
CI 1.38-3.37). A retrospective study revealed no significant differences for strictures up
to 4 cm versus strictures longer than 4 cm.54 The main determinant of stent length
should be the length of the tight part of the stenosis. It is important to keep the
upstream part short, i.e. with a fully deployed flanger lodging against the stenosis. The
distal part may be longer, dwelling downstream. Rather than a one-size-fits all
approach, one should individually tailor the length of the stent to the length of the
stenosis and configuration of the bowel. As a rule, the stent should exceed the stricture
length by 1.5 to 2 cm at both sides before deployment.
Stent diameter
The diameter of stents used to relieve colonic obstruction usually varies from 22 to 25
mm.44 There is no consistency in reporting on the relation between stent diameter and
technical success, clinical success, or adverse outcomes.34,47,55,56 However, there is some
published data indicating that stent diameter < 24 mm is associated with technical
difficulty and stent migration.5,35,37,57,58 The use of stents with a diameter of at least 22
mm is considered appropriate by most experts.
Stent material
Self-expandable metal stents (SEMS) are used for relief of colonic obstruction. Different
types of SEMS are currently available: stainless steel, nitinol (consisting of titanium and
nickel), or elgiloy (consisting of nickel, cobalt, and chromium). The most important
limitation of stainless steel SEMS is related to its relative stiffness. In addition, it may
influence the quality of magnetic resonance imaging (MRI). In contrast, nitinol SEMS
provide a high degree of flexibility with a shape memory. Because nitinol SEMS are less
radiopaque, gold or platinum markers are placed on the stent for better fluoroscopic
visibility. Elgiloy stents have better fluoroscopic visibility and do not influence MRI
quality.59
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(PRE-)ENDOSCOPIC CONSIDERATIONS
Bowel preparation with enema
Technical difficulty in stent placement for obstructive colon cancer partly depends on
pre-endoscopic cleansing of the bowel. Oral bowel preparation is contra-indicated in
patients with a symptomatic colonic obstruction, but cleansing enemas can be used to
clear the bowel distal to the tumour. A post-hoc analysis of a prospective observational
study revealed that bowel cleansing with an enema is independently associated with
lower technical difficulty (24% versus 29% without an enema, p<0.01).5 Usually, two
enemas are sufficient to prepare the bowel for colonic stent placement.
Prophylactic antibiotics
Manipulation during colonic stent placement can cause translocation of bacteria e.g.
causing bacteremia, for which reason several studies have investigated the potential
positive effects of prophylactic antibiotic treatment. A prospective observational study
revealed that, despite 6.3% of patients having positive blood cultures after stenting,
none of them developed infectious symptoms afterwards.60 A retrospective matched
comparison of patients who did or did not received prophylactic antibiotics revealed no
significant differences in fever, bacteremia, and sepsis between the two groups.61
Therefore, antibiotic prophylaxis is not indicated before colonic stent placement.
Pre-procedural treatment of ileus
Besides fluid replacement, it is important to place a nasogastric tube with suction
before stent placement. Patients may experience gastric fluid retention and may
aspirate during the procedure. Furthermore, from a theoretical point of view, it would
be best to remove as much air and fluids from the digestive system as possible.
Therefore, gentle suction on the nasogastric tube is advised to prevent ingested air to
accumulate further in the closed bowel.
Sedation
With sedation during colonic stent placement, the risk of aspiration increases. It is
therefore advised to check if the stomach is filled with content on CT imaging before
embarking on the procedure. One might consider to perform the procedure either
without any sedation or to discuss with the anesthesiology team whether intubation
might be required for a safer procedure.
Fluoroscopy, endoscopy, or combination
Stents can be placed using two different deployment systems: either over-theguidewire (OTW) or through-the-scope (TTS). Apart from the deployment system, stent
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delivery takes place either under endoscopic or fluoroscopic control, or a combination.
In clinical practice, most colonic stent placements take place using the endoscope under
fluoroscopic guidance. For OTW deployment, a stiff guidewire is required to insert and
advance the stent. Along with the usual fluoroscopic guidance, an endoscope with a
small diameter can be used to facilitate the release. Technical success rates of 83-100%
have been reported for pure radiologic stent placement. With TTS deployment, a guidewire is placed across the stricture where after the stent can be placed through the
working channel of a therapeutic endoscope with a working channel of 3.7 mm. Several
studies have reported better technical and clinical success with either the endoscopic
or the combined technique than with the radiologic technique alone.19,34,62,63

Figure 2. Use of fluoroscopy during colonic stent placement.

Image courtesy of: F. ter Borg, MD, PhD, Deventer Ziekenhuis, the Netherlands

Stricture dilation
Occasionally, immediate stent opening may be disappointing, especially with tight
strictures. However, forceful opening by using a balloon catheter has been tried in the
past. However, multiple studies have suggested worse clinical outcomes in the case of
balloon dilation before or just after the stenting procedure.35,52,64,65 A meta-analysis
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including 86 studies revealed an increased perforation risk of 20.4% when postprocedural dilation was performed with the stent in situ.38 In addition, a post-hoc
analysis of a multicenter prospective observational study revealed no significant effect
of pre-stent balloon dilation on technical difficulty (OR 1.1, 95% CI 0.21-5.61, p=0.93).5
For this reason, balloon dilation is not recommended, either before or after colonic
stenting.
POST-ENDOSCOPIC CONSIDERATIONS
As approximately 20% of patients will not experience sufficient relief from the
obstruction and full stent deployment may take 24 hours, patients should be on
conservative ileus management until defecation is satisfactory and the ileus is resolved.
If not the case, surgery is indicated. After clinically successful stent placement, patients
should be given mild laxatives, as fecal impaction may again lead to ileus.
ADVERSE EVENTS AND HOW TO HANDLE THEM
Reported overall complication rates related to colonic stenting vary from 20-30%.39,47,6678
Four major stent-related adverse events include insufficient relief of ileus, perforation, migration, and recurrent obstruction. Minor complications include bleeding,
pain, and incontinence.
Insufficient relief of ileus
In about 20% of patients, the ileus is not completely resolved by colonic stent placement. Especially in elderly and frail patients, this may cause trivial symptoms.
Therefore, the clinician should be aware of this problem. When suspected, a low
threshold for repeated abdominal CT scan is advised. When confirmed, surgery is
advised as a second stent carries more risks under these particular circumstances.
Perforation
Perforation is the most feared stent-related complication and varies in literature from
0 to 12%.26 Stent-related perforation can be caused either by guidewire or catheter
malpositioning (fausse route, which is generally not clinically relevant but contributes
to technical failure), erosion of the tumour by the stent itself or one of the rims in the
adjacent colonic wall, or blow-out of the proximal colon due to excess insufflation of air
or suboptimal relief of the obstruction by the stent. Other stent-related perforations
infrequently included in literature are “silent or micro-perforations”: perforations that
do not cause any symptoms and are first noticed by the pathologist. Reported risk
factors for stent-related perforation in general include pre-stent treatment with bevacizumab,35-38,40 active diverticular disease,25 and pre- and post-stent balloon dila-
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tion.5,35,38,52,64,65 Studies on the long-term effects of stent-related perforation are
limited, with often a limited number of events (Table 2). In a recent meta-analysis on
colonic stenting versus emergency resection,79 a stent-related perforation rate lower
than 8% was associated with better overall survival than studies in which the
perforation rate was at least 8% (OR 0.71, 95% CI 0.52-0.97). In contrast, several other
recent studies reported no significant differences in overall survival67,80 and peritoneal
metastases67 between patients with and without a perforation. Stent-related
perforations are usually treated with emergency surgery.
Migration
Stent migration occurs in up to 0% to 10% of patients.26 The tumour may show compression necrosis of the inner layers, with slough and widening of the stenosis.
Subsequently, the stent loses its hold. Such migrations often go unnoticed until the
moment of resection. Reported risk factors for migration include the use of stents with
a small diameter and covered SEMS.35,37,43,57,64 Usually, migration is a sign of stenosis
insufficient enough to keep the stent in place and does not need additional measures,
except removal of the stent from the rectum (digitally). However, if ileus reoccurs, stent
migration should be managed with surgery in the bridge to surgery setting. In the
palliative setting, the original stent is usually replaced with a larger diameter stent.
Recurrent obstruction
Obstruction of the colonic stent ranges from 3% to 29% of patients26 and can be caused
by tumour ingrowth, tumour overgrowth, or fecal impaction. Literature is scarce on risk
factors for stent obstruction. A retrospective study published in 201081 identified stent
expansion of less than 70% within 48 hours following placement as an independent risk
factor. Stent obstruction in the curative setting can be managed with early surgery,
while in the palliative setting the stent is usually replaced or re-opened with stent-in
stent endoscopically.
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Table 2. Differences in outcomes between patients with versus without a stentrelated perforation.
Author,
year
Amelung
201982

Study design

Results

- Retrospective, nationwide study
- Propensity score matched
- Stent as BTS (N=222)
- Perforation (n=17)
- No perforation (n=205)

Three-year locoregional recurrence
(P=0.432)
- Perforation: 18.0%
- No perforation: 11.0%
Three-year disease free survival (P=0.717)
- Perforation: 49.0%
- No perforation: 59.6%
Three-year overall survival (P=0.529)
- Perforation: 61.0%
- No perforation: 75.1%

Amelung
201879

- Systematic review and metaanalysis
- Stent as BTS (N=938)
- Comparative sub-analysis of
studies with a stent-related
perforation rate < 8% versus ≥ 8%

Studies with a stent-related perforation
rate < 8%: significantly better 3-year
overall survival (OR 0.71, 95% CI 0.520.97)

Verstockt
201867

- Prospective observational study
- Stent as BTS (N=97)
- Perforation (n=14)
- No perforation (n=83)

Peritoneal metastases (P=0.47)
- Perforation: 22.2%
- No perforation: 15.2%
No significant difference in overall survival

Avlund
201880

- Retrospective, multicenter study
- Stent as BTS (N=123)
- Perforation (n=15)
- No perforation (n=108)

5-year recurrence after curative resection
(P=0.54)
- Perforation: 42%
- No perforation: 32%
5-year overall survival (P=0.21)
- Perforation: 37%
- No perforation: 61%

BTS = bridge to surgery; OR = odds ratio; CI = confidence interval
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Chapter 3

ABSTRACT
Background: Previous analysis of Dutch practice in treatment of left-sided obstructive
colon cancer (LSOCC) until 2012 showed that emergency resection (ER) was preferred,
with high mortality in patients aged ≥ 70 years. Consequently, the national and
European guidelines (2014) recommended bridge to surgery (BTS) with either selfexpandable metal stent (SEMS) or decompressing stoma (DS) in high-risk patients. The
implementation and effects of these guidelines have not yet been evaluated. Therefore,
our aim was to perform an in-depth update of national practice concerning curative
treatment of LSOCC, including an evaluation of guideline implementation.
Patients and Methods: This national multicentre cohort study was conducted in 75 of
77 hospitals in the Netherlands. We included data of patients who underwent curative
resection of LSOCC in 2009 through 2016 from the Dutch ColoRectal Audit. Additional
data were retrospectively collected.
Results: A total of 2587 patients were included (2013 ER, 345 DS, 229 SEMS). After 2014,
we observed a trend reversal of ER (decrease: 86.2% to 69.6%) and SEMS (increase:
1.3% to 7.8%), with an ongoing increase in DS (5.2% in 2009 to 22.7% in 2016). DS after
2014 was associated with more laparoscopic resections (66.0% versus 35.5%, p<0.001),
and more two-stage procedures (41.5% versus 28.6%, p=0.01) with fewer permanent
stomas (14.7% versus 29.5%, p=0.005). Overall, we observed more laparoscopic
resections (25.4% versus 13.2%, p<0.001) and a shorter total hospital stay (14 versus 15
days, p<0.001) since 2014. However, patients showed similar primary anastomosis
(48.7% vs. 48.6%, p=0.961), 90-day complication (40.4% versus 37.9%, p=0.254), and
90-day mortality rates (6.5% versus 7.0%, p=0.635).
Conclusions: Guideline revision resulted in notable change from ER to BTS for LSOCC.
This was accompanied by an increased rate of laparoscopic resections, more two-stage
procedures with a decreased permanent stoma rate in the DS as BTS group, and a
shorter total hospital stay. However, overall 90-day complication and mortality rates
remained relatively high.
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INTRODUCTION
Left-sided obstructive colon cancer (LSOCC) is a challenging condition to treat in the
curative setting. Good quality oncological resection is the main goal. However, the
emergency setting is an important risk factor for postoperative morbidity and
mortality.1 Initial decompression of a distended colon as a bridge to elective surgery
(BTS) is likely to change the risk profile of the patient, but requires an additional
intervention with its own disadvantages. The construction of a decompressing stoma
(DS) or endoscopic placement of a self-expandable metal stent (SEMS) have been used
for this purpose to create a timeframe to optimise the patient’s condition prior to
resection, perform accurate pre-operative tumour staging, and conduct the procedure
with an optimal surgical team.
Colonic decompression by constructing a stoma proximal to the obstructing tumour is
an effective strategy and can be performed with a small transverse incision in the upper
abdomen. A recent meta-analysis showed an increased primary anastomosis rate and
decreased permanent stoma rate in patients treated with DS as BTS when compared to
emergency resection (ER).2 However, restoring continuity often requires a three-stage
procedure, which probably explains the restricted use and limited number of studies
on this approach.3
Arezzo et al.4 showed lower morbidity and permanent stoma rates for SEMS as BTS
compared to emergency surgery (ER). Disadvantages of SEMS are the related risk of
perforation and unsuccessful decompression. Concerns about oncological safety are
the main hurdle for routine implementation.5
Tanis et al.6 published an overview of Dutch daily practice in the treatment of LSOCC up
to 2012. ER appeared to be the most frequently applied approach with decreasing use
of SEMS. Thirty-day mortality rates of up to 34% were observed after ER, with age and
American Society of Anesthesiologist’s (ASA) score as independent risk factors. These
analyses were based on the relatively limited dataset of the Dutch Colorectal Audit
(DCRA), that did not allow for a more in-depth analysis on clinical decision-making. In
2014, the updated national colorectal cancer guideline explicitly recommended a
bridging strategy by either DS or SEMS in patients at high operative risk, similarly to the
European guideline on colonic stenting.7,8 The adherence to and effects of these
guidelines have not yet been evaluated. Therefore, the aim of the present study was to
provide an updated and more detailed population-based analysis of treatment of
LSOCC in the Netherlands, with an evaluation of guideline implementation.
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METHODS
Study design
A national retrospective study was performed using data from the Dutch Colorectal
Audit (DCRA), a prospective national registry of patients who underwent a resection for
primary colorectal cancer. This database was extended with additional data based on
chart review according to a methodology described earlier in the first publication of the
Dutch Snapshot Research Group (DSRG).9 In short, potential eligible patients were first
identified through the DCRA and collaborators in each participating hospital were
provided with their own patients registered in the DCRA. Subsequently, collaborators
extended baseline characteristics and short-term outcomes with additional procedural
and long-term surgical and oncological data through chart review using a web-based
tool meeting Dutch privacy regulations by Medical Research Data Management
(MRDM, Deventer, the Netherlands).
All 77 Dutch hospitals that register in the DCRA were invited to participate in this
project. From August 2017 until December 2017, surgical residents extended the DCRA
database using the web-based tool under the supervision of one or two consultant
surgeons. Data were subsequently analysed on missing values and discrepancies, and
participating residents requested to correct and complete the data. The anonymised
combination of DSRG and DRCA data was then sent to the study coordinator.10
This study was approved by the Institutional Review Board of the Academic Medical
Centre in Amsterdam, The Netherlands, with exemption status for individual informed
consent due to the retrospective nature of the study with anonymised data.
Population
Patients were selected from the DCRA database based on tumour location (splenic
flexure, descending colon, or sigmoid colon) and registration of clinical symptoms of
obstruction or an intervention (DS or SEMS) before primary tumour resection. To verify
registration as LSOCC, detailed variables on the clinical presentation of the patient were
added. Eligibility for the present analysis was defined as: 1) symptomatic colonic
obstruction (distended abdomen and/or nausea or vomiting); 2) tumour located in the
distal colon (splenic flexure until rectosigmoid); 3) confirmation of the obstruction on
X-ray or computed tomography (CT) based on a dilated large and/or small bowel loop;
4) histologically proven malignant cause of obstruction; 5) curative treatment intent.
Exclusion criteria were extracolonic malignancy and signs of bowel perforation on a CT
scan. Data on patients who were registered in the DCRA between 2009 and 2012 have
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been published previously using the DCRA dataset only.6 The current study population
contains a selection of those patients after restricting inclusion based on additional
variables from the DSRG dataset.
National guideline recommendations
The 2008 Dutch colorectal cancer guideline recommended tumour resection during a
primary surgical approach to relieve obstruction. SEMS as BTS was advised when
sufficient experience was available, preferably in a trial setting. The revised 2014
guideline recommended ER in patients with low operative risk, either with end
colostomy or primary anastomosis with diverting stoma. In patients with high operative
risk, DS as BTS should be considered, with SEMS as the alternative approach if
technically possible and an experienced endoscopist is available.7
Outcome measures
Procedural indicators included primary anastomosis rate, stoma rate, laparoscopic
resection rate, duration of hospital stay, adjuvant chemotherapy, time from resection
until start of chemotherapy, and permanent stoma. Outcome indicators were shortterm mortality and morbidity. Short-term mortality was defined as death within 90 days
after resection. Overall complications included any adverse event due to DS, SEMS, or
related to tumour resection within 90 days. Post-resection hospital stay included
hospital stay directly after resection, and total hospital stay the cumulative duration of
hospital stay related to decompressing intervention, post-resection hospital stay, readmissions within 90 days, and any (re-)admission during the bridging interval in the DS
and SEMS groups. Permanent stomas were stomas in situ at the end of follow-up.
Statistical analysis
Proportions of each modality (ER, DS as BTS, SEMS as BTS) were determined per year
during the study period. Baseline characteristics, procedural indicators, and outcome
indicators were determined for each modality. To evaluate changes in outcomes after
guideline revision in 2014, comparisons were made within treatment modalities and for
the entire population between 2009-2014 versus 2015-2016. Normally distributed
continuous variables were reported as means ± standard deviation (SD) and compared
using the Student’s t test. Non-normally distributed variables were presented as
medians ± interquartile ranges (IQR) and compared with the Mann-Whitney U test.
Categorical variables were presented as percentages and compared using the X2-test or
the Fisher’s exact test. An intention-to-treat analysis was performed, i.e. failed
decompression was analysed in the DS or SEMS group based on the initial attempt of
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BTS. A two-sided p-value of <0.05 was considered significant. Statistical analyses were
performed using SPSS statistical software version 24.0 (IBM, Armonk, NY, U.S.A.).

RESULTS
Patient characteristics
Of 77 hospitals in the Netherlands, 75 participated. Using the DCRA registry, 3879
potentially eligible patients were identified. A total of 670 patients did not fulfil the predefined criteria of obstruction (i.e. endoscopic impression of stenosis without clinical
signs of obstruction). After exclusion of palliative treatment intent (n=470) and signs of
bowel perforation on CT (n=101), 2587 patients who underwent curative intent
resection of LSOCC were included for analysis. ER was performed in 2013 patients
(77.8%), DS as BTS in 345 (13.3%), and SEMS as BTS in 229 (8.9%) patients (Figure 1).
The physician’s arguments for either ER or BTS are provided in Appendix 1. ER was
mainly performed because the patient’s clinical condition was considered well enough,
while DS and SEMS were mainly chosen when the estimated operative risk was
unacceptably high (28.5% and 43.8%, respectively). A relatively short length of the
stenosis was the main argument for SEMS as an alternative to DS in 15%. No local
availability of stenting experience was the reason for DS in 27.5%. In the majority of
patients, however, no specific motivation for type of treatment was provided.
Median patient age was 71 years (IQR 62-79), which slightly differed among the three
treatment strategies (Table 1). Overall, 31.9% of patients were categorised as ASA III or
IV, with the highest proportion in the ER group (34.3%). The proportion of patients who
underwent previous abdominal surgery was highest in the DS group (37.1%), as was the
percentage with a pT4 tumour (34.1%).
Procedural indicators
The median time interval between decompression and elective resection was 36 days
(IQR 22-67) after DS and 18 days (IQR 8-30) after SEMS (Table 2). Overall, the primary
tumour was resected laparoscopically in 16.3% of patients, with a conversion rate of
26.1%. Both DS and SEMS as BTS resulted in higher laparoscopy rates than ER (48.5%
and 41.8% versus 7.9%, respectively) with lower conversion rates (17.2% and 29.9%
versus 34.5%). In the total population, a primary anastomosis was constructed in 48.7%,
which was 39.5% after ER, 84.9% after DS, and 74.1% after SEMS.
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Patients identified from the Dutch
Colorectal Audit 2009-2016
N = 4216

Registered patients in collaborative
research project
N = 3879

Total number of patients with left-sided
obstructing colon cancer
N = 3153

Excluded (N = 726)

3

- No acute obstruction: N=670
- No resection: N=23
- Benign obstruction: N=17
- Palliative stent N=5
- Unknown patient: N=2
- Rectal cancer: N=4
- Date of surgery <2009: N=4
- Duplicate record: N=1
Excluded from analysis (N = 566)
- Palliative intention: N=465
- Free air on CT : N=101

Final inclusion
N = 2587

Emergency resection
N = 2013

Decompressing stoma
as bridge to surgery
N = 345

Self-expandable metal
stent as bridge to surgery
N = 229

Figure 1. Flowchart of patient selection.

A stoma was constructed in 65.0% of patients undergoing ER, which was an endcolostomy (Hartmann’s procedure) in 80.6% of those patients. In 65.9% of patients who
underwent DS, a stoma was still present after resection. After SEMS, 30.3% of patients
had a stoma after resection, which was an end colostomy (Hartmann’s procedure) in
76.1%. In the entire population, the permanent stoma rate in patients with a minimum
follow-up of 12 months after resection was 38.5%. Permanent stoma rates were 38.5%,
23.6%, and 20.3% in ER, DS, and SEMS patients, respectively.
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Male sex (N = 2587)
Median age in years (IQR) (N = 2358)
Mean BMI in kg/m2 (SD) (N = 2173)
ASA score (N = 2562)

ASA 1

ASA 2

ASA 3

ASA 4
Comorbidity (N = 2575)

Median Charlson comorbidity score (IQR)
Previous abdominal surgery (N = 2564)
Tumour localisation (N = 2587)

Splenic flexure

Descending colon
Sigmoid

pT stage (N = 2575)

pT1-2

pT3
pT4

pN stage (N = 2570)

pN0

pN1
pN2

cM1 stage at presentation (N = 2524)

Table 1. Baseline characteristics.
Emergency resection
N = 2013 (%)
1071/2013 (53.2)
71 (62-79)
25.6 (7.4)
344/1994 (17.3)
967/1994 (48.5)
592/1994 (29.7)
91/1994 (4.6)
1424/2004 (71.1)
1.0 (0.0-2.0)
595/1994 (29.8)
274/2013 (13.6)
375/2013 (18.6)
1364/2013 (67.8)
78/2007 (3.9)
1399/2007 (69.7)
530/2007 (26.4)
928/2001 (46.4)
699/2001 (34.9)
374/2001 (18.7)
180/1960 (9.2)

Overall population
N = 2587 (%)
1404/2587 (54.3)
71 (62-79)
25.6 (6.8)
439/2562 (17.1)
1305/2562 (50.9)
718/2562 (28.0)
100/2562 (3.9)
1829/2575 (71.0)
1.0 (0.0-2.0)
776/2564 (30.3)
343/2587 (13.3)
478/2587 (18.5)
1766/2587 (68.3)
105/2575 (4.1)
1772/2575 (68.8)
698/2575 (27.1)
1205/2570 (46.9)
881/2570 (34.3)
484/2570 (18.8)
237/2524 (9.4)

166/344 (48.3)
109/344 (31.7)
69/344 (20.1)
33/341 (9.7)

15/343 (4.4)
211/343 (61.5)
117/343 (34.1)

54/345 (15.7)
58/345 (16.8)
233/345 (67.5)

48/345 (13.9)
219/345 (63.5)
73/345 (21.2)
5/345 (1.4)
243/345 (70.4)
1.0 (0.0-2.0)
128/345 (37.1)

DS as BTS
N = 345 (%)
205/345 (59.4)
68 (59-76)
25.2 (4.1)

111/225 (49.3)
73/225 (32.4)
41/225 (18.2)
24/223 (10.8)

12/225 (5.3)
162/225 (72.0)
51/225 (22.7)

15/229 (6.6)
45/229 (19.9)
169/229 (73.8)

47/223 (21.1)
119/223 (53.4)
53/223 (23.8)
4/223 (1.8)
162/226 (71.7)
1.0 (0.0-2.0)
53/225 (23.6)

SEMS as BTS
N = 229 (%)
128/229 (55.9)
72 (64-80)
25.9 (5.0)
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575/1064 (54.0)
489/1064 (46.0)
8.7 (1.97)
1.0 (1.0-3.0)

Overall population
N = 2587 (%)
428/796 (53.8)
368/796 (46.2)
8.6 (1.97)
1.0 (1.0-3.0)

Emergency resection
N = 2013 (%)
75/157 (47.8)
82/157 (52.2)
8.8 (2.12)
1.0 (0.0-2.0)

DS as BTS
N = 345 (%)
72/111 (64.9)
39/111 (35.1)
8.7 (1.74)
1.0 (0.0-1.0)

SEMS as BTS
N = 229 (%)

BTS = bridge to surgery; ASA = American Society of Anesthesiologists; BMI = body mass index, IQR = interquartile range; SD = standard deviation; DS = decompressing stoma;
SEMS = self-expandable metal stent

Length of stenosis (N = 1064)

≤ 4 cm

> 4 cm
Mean cecum diameter in cm (SD) (N = 1311)
Median interval from presentation until initial
intervention in days (IQR) (N = 2526)

Table 1. Continued.
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Median interval stent/stoma-resection in days (IQR)
(N = 553)

Chemotherapy or RT during BTS interval (N = 549)
Laparoscopic approach for tumour resection
(N = 2571)
Conversion (N = 375)

Type of resection (N = 2586)

Sigmoid resection

Left hemicolectomy

Subtotal colectomy

Extended left hemicolectomy

Combined sigmoid resection and right
hemicolectomy

Transverse colectomy
Primary anastomosis (N = 2575)
Stoma in situ directly after resection (N = 2542)
•
Diverting ileostomy
•
End ileostomy
•
Diverting colostomy
•
End colostomy
Simultaneous resection for M1 (N = 2485)

Table 2. Procedural indicators.
Emergency resection
N = 2013 (%)
159/2002 (7.9)
50/145 (34.5)
1270/2012 (63.1)
544/2012 (27.0)
157/2012 (7.8)
11/2012 (0.5)
21/2012 (1.0)
9/2012 (0.4)
792/2003 (39.5)
1285/1978 (65.0)
109/1236c (8.8)
89/1236 (7.2)
42/1236 (3.4)
996/1236 (80.6)
111/1920 (5.8)

Overall population
N = 2587 (%)
28.0 (15.0-45.0)
58/549 (10.6)
420/2571 (16.3)
98/375 (26.1)
1631/2586 (63.1)
718/2586 (27.8)
184/2586 (7.1)
20/2586 (0.8)
21/2586 (0.8)
12/2586 (0.5)
1253/2575 (48.7)
1578/2542 (62.1)
153/1511b (10.1)
101/1511 (6.7)
182/1511 (12.0)
1075/1511 (71.1)
151/2485 (6.1)

2/345 (0.6)
292/344 (84.9)
226/343 (65.9)
36/208d (17.3)
8/208 (3.8)
136/208 (65.4)
28/208 (13.5)
26/338 (7.7)

209/345 (60.6)
105/345 (30.4)
21/345 (6.1)
8/345 (2.3)
0/345 (0.0)

28/163 (17.2)

55/333 (16.5)
167/344 (48.5)

DS as BTS
N = 345 (%)
36.0 (21.5-67.0)

1/229 (0.4)
169/228 (74.1)
67/221 (30.3)
8/67 (11.9)
4/67 (6.0)
4/67 (6.0)
51/67 (76.1)
14/227 (6.2)

152/229 (66.4)
69/229 (30.1)
6/229 (2.6)
1/229 (0.4)
0/229 (0.0)

20/67 (29.9)

3/216 (1.4)
94/225 (41.8)

SEMS as BTS
N = 229 (%)
18.0 (8.0-30.0)a

Chapter 3

Emergency resection
N = 2013 (%)
908/1982 (45.8)
575/1494 (38.5)
647/985 (65.7)

Overall population
N = 2587 (%)
1060/2552 (41.5)
676/1946 (38.5)
717/1075 (66.7)

65/275 (23.6)
22/28 (78.6)

DS as BTS
N = 345 (%)
97/342 (28.4)
36/177 (20.3)
36/50 (72.0)

SEMS as BTS
N = 229 (%)
55/228 (24.1)

IQR = interquartile range; RT = radiotherapy; BTS = bridge to surgery; DS = decompressing stoma; SEMS = self-expandable metal stent; a Four SEMS patients eventually
received a DS in the BTS interval: 3 due to technical failure, 1 due to re-obstruction after technically successful SEMS procedure; b Type of stoma after resection unknown in
67 patients; c Type of stoma after resection unknown in 49 ER patients; d Type of stoma after resection unknown in 18 DS patients

Permanent stoma (N = 2552)

In patients with a minimum follow-up of 12
months

In patients with Hartmann’s procedure

Table 2. Continued.
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% of all patients treated that year
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Emergency resection
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Decompressing stoma
as bridge to surgery
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Self-expandable metal
stent as bridge to
surgery
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Year
Figure 2a. Use of the three treatment modalities for left-sided obstructive colon
cancer in the period 2009 until 2016.
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Figure 2b. Time trends in overall complication and permanent stoma rates after
resection of left-sided obstructive colon cancer in the period 2009 until 2016.
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Trends in treatment approach over time
Figure 2a demonstrates the trends in the application of the three treatment strategies.
A slight increase in ER was observed until 2014, with a subsequent decrease from 86.2%
to 69.6% at the end of the study period. DS demonstrated a continuous increase from
5.2% in 2009 to 22.7% in 2016. A decreasing use of SEMS was observed from 21.6% in
2009 to 1.3% in 2014. After guideline revision, a trend reversal occurred with an
increase to 7.8% in 2016.
Patient and procedural changes along the treatment approaches over time
For the entire population, an increase in laparoscopic resections was observed after
2014 compared to before 2014 (25.4% versus 13.2%, p<0.001), with a decrease in
conversions (19.0% versus 31.9%, p=0.005). Patients undergoing SEMS after 2014 were
significantly older than patients treated with SEMS before 2014 (75 versus 70 years,
p=0.002), and showed more ASA 3 and 4 patients, although not significant. These
changes in time were not observed in the DS group and median age and proportion of
ASA score 3-4 did not decrease in the ER group after 2014. An increase of laparoscopic
resections was found in the ER (10.5% versus 7.2%, p=0.020) and DS groups (66.0%
versus 35.5%, p<0.001).
Significantly fewer primary anastomoses were constructed during ER (34.6% versus
41.1%, p=0.010). The DS was more often reversed at the time of subsequent resection
(two-stage procedure), resulting in a reduction of the proportion of stomas still being
present directly after resection of the primary tumour from 71.4% to 58.5% (p=0.012).
After 2014, the DS group showed significantly fewer permanent stomas than before
2014 (14.7% versus 29.5%, p=0.005). Figure 2b demonstrates time changes in
permanent stoma rate per treatment year.
Changes in outcome indicators over time
Changes in outcome indicators after 2014 for the whole population and the different
treatment approaches are displayed in Table 3. For the entire population, a shorter
total hospital stay was found after 2014 (14 versus 15 days, p<0.001) as well as a shorter
post-resection hospital stay (9 versus 11 days, p<0.001) than before 2014. Separate
analyses per treatment group also revealed a shorter total hospital stay for ER (13
versus 14 days, p<0.001) and DS (16 vs. 20 days, p=0.040) after 2014 than before 2014.
No significant differences in 90-day mortality or complication rates were found
between the two periods within the whole population and neither within the individual
treatment strategies. Figure 2b shows time changes in overall complication rate per
treatment year.
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ASA 3-4

Primary anastomosis
(N = 2575)
Stoma in situ directly
after resection
(N = 2542)
Median hospital stay
in days following
resection (IQR)
(N = 2485)
Total median hospital
stay in days (IQR)
(N = 2420)
Adjuvant
chemotherapy
(N = 2549)

Laparoscopic
resection (N = 2569)

Conversion
(N = 375)

•

ASA score (N = 2560)
•
ASA 1-2

Median age in years
(IQR) (N = 2585)

329/675
(48.7)
427/667
(64.0)
9.0
(6.0-14.0)
14.0
(9.0-21.0)
268/671
(39.9)

11.0
(7.0-16.0)

15.0
(11.0-22.0)

746/1878
(39.7)

464/675
(68.7)
211/675
(31.3)
170/669
(25.4)
32/168
(19.0)

924/1900
(48.6)
1151/1875
(61.4)

1280/1885
(67.9)
605/1885
(32.1)
250/1900
(13.2)
66/207
(31.9)

Overall population
N = 2587 (%)
≤ 2014
> 2014
71.0
71.0
(63.0-78.0)
(61.079.0)

0.921

<0.001

<0.001

0.229

0.961

0.005

<0.001

0.689

P
0.872

14.0
(10.021.0)
597/1502
(39.7)

11.0
(8.0-17.0)

625/1520
(41.1)
958/1501
(63.8)

987/1509
(65.4)
522/1509
(34.6)
109/1522
(7.2)
35/96
(36.5)

195/480
(40.6)

13.0
(8.0-19.0)

10.0
(7.0-15.0)

167/483
(34.6)
327/477
(68.6)

324/483
(67.1)
159/483
(32.9)
50/478
(10.5)
15/49
(30.6)

Emergency resection
N = 2013 (%)
≤ 2014
> 2014
71.0
71.0
(63.0(61.579.0)
80.0)

0.732

<0.00
1

0.001

0.059

0.010

0.484

0.020

0.500

P
0.959

20.0
(14.029.0)
80/193
(41.5)

7.0
(5.0-12.0)

161/197
(81.7)
140/196
(71.4)

156/197
(79.2)
41/197
(20.8)
70/197
(35.5)
15/66
(22.7)

16.0
(13.025.0)
57/146
(39.0)

7.0
(5.0-10.0)

131/147
(89.1)
86/147
(58.5)

111/148
(75.0)
37/148
(25.0)
97/147
(66.0)
13/97
(13.4)

DS as BTS
N = 345 (%)
≤ 2014
> 2014
68.0
68.0
(60.5(58.076.0)
76.8)

0.654

0.040

0.043

0.012

0.058

0.121

<0.001

0.357

P
0.452

15.0
(11.024.0)
69/183
(37.7)

8.0
(5.0-14.0)

138/183
(75.4)
53/178
(29.8)

137/179
(76.5)
42/179
(23.5)
71/181
(39.2)
16/45
(35.6)

13.0
(10.022.5)
16/45
(35.6)

7.0
(5.0-13.3)

31/45
(68.9)
14/43
(32.6)

29/44
(65.9)
15/44
(34.1)
23/44
(52.3)
4/22
(18.2)

SEMS as BTS
N = 229 (%)
≤ 2014
> 2014
70.0
75.0
(62.0(71.080.0)
82.5)

0.789

0.317

0.774

0.722

0.371

0.144

0.116

0.148

P
0.002

Table 3. Comparison of patient, procedural and outcome indicators between year of resection ≤ 2014 and > 2014 for the whole population
and per treatment group.
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267/661
(40.4)
83/665
(12.5)
251/672
(37.4)
44/678
(6.5)
145/434
(33.4)

685/1875
(36.5)

134/1907
(7.0)
531/1512
(35.1)

5.0
(4.0-8.0)

703/1856
(37.9)
258/1866
(13.8)

5.0
(4.0-7.0)

Overall population
N = 2587 (%)
≤ 2014
> 2014
6.0
6.0
(4.0-8.0)
(4.0-9.0)

0.510

0.635

0.706

0.383

0.254

0.868

P
0.395

122/1526
(8.0)
451/1192
(37.8)

576/1500
(38.4)

576/1500
(38.4)
201/1504
(13.4)

5.0
(4.0-7.3)

35/485
(7.2)
124/302
(41.1)

197/482
(40.9)

197/482
(40.9)
62/482
(12.9)

6.0
(5.0-8.0)

Emergency resection
N = 2013 (%)
≤ 2014
> 2014
6.0
7.0
(4.0-8.0)
(5.0-9.0)

0.304

0.578

0.333

0.749

0.333

0.159

P
0.076

3/197
(1.5)
49/166
(29.5)

53/194
(27.3)

62/185
(33.5)
24/184
(13.0)

5.0
(4.0-7.0)

5/148
(3.4)
16/109
(14.7)

37/146
(25.3)

48/136
(35.3)
15/140
(10.7)

5.0
(4.0-5.8)

DS as BTS
N = 345 (%)
≤ 2014
> 2014
6.0
5.0
(4.0-8.3)
(4.0-7.0)

0.005

0.296

0.683

0.523

0.740

0.125

P
0.212

9/184
(4.9)
31/154
(20.1)

56/181
(30.9)

65/171
(38.0)
32/178
(18.0)

5.0
(4.0-8.0)

0.117

22/43
(51.2)
6/43
(14.0)

0.299

4/45
(8.9)
5/23
(21.7)

0.788

0.328

17/44
(38.6)

0.530

0.827

P
0.443

5.5
(3.8-9.0)

SEMS as BTS
N = 229 (%)
≤ 2014
> 2014
6.0
7.0
(4.0-9.0)
(5.0-10.0)

BTS = bridge to surgery; ASA = American Society of Anesthesiologists; IQR = interquartile range; DS = decompressing stoma; SEMS = self-expandable metal stent; BTS = bridge
to surgery; a Complications following SEMS, decompressing stoma, and/or tumour resection combined; b In patients with a minimum follow-up of 12 months

Overall complication
rate (N = 2517)
Complications
requiring reintervention
(N = 2531)
Complications
following tumour
resection (N = 2547)
90-day mortality
(N = 2585)
Permanent stomab
(N = 1946)

Time resectionadjuvant chemo
(N = 894)

In stage III
(N = 518)

Table 3. Continued.
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Appendix 2 demonstrates the outcome indicators for each treatment group over the
entire observation period. Ninety-day mortality rate was 7.8% in the ER group, 2.3% in
the DS group, and 5.7% in the SEMS group. Overall complication rate was 39.0% after
ER, 34.3% after DS, and 40.7% after SEMS. DS and SEMS specific complications are
demonstrated in Appendix 3.

DISCUSSION
This nationwide, collaborative cohort study of 2587 patients shows notable changes in
management of LSOCC during an eight-year study period. Trend reversals are seen for
the application of ER and SEMS as BTS, and guideline revision seems to have further
stimulated the already observed tendency towards increasing use of DS as BTS.
However, ER was still the most frequently performed strategy in the Netherlands in
2016. In contrast to procedural changes, such as an increased laparoscopic resection
rate with fewer conversions, 90-day morbidity and mortality remained unchanged.
We previously reported a decreased use of SEMS as BTS in the Netherlands from 2009
until 2012,6 and this continued until 2014 to only 1.3 per cent. Factors that contributed
to this national trend were the early closure of the Dutch Stent-in II trial in 2009 due to
a high SEMS-related perforation rate11 and several studies since then suggesting an
increased tumour recurrence risk.5,12,13 However, the European Society of Gastrointestinal Endoscopy (ESGE) guideline stated that SEMS may be considered as an
alternative to ER in patients of ≥ 70 years and/or with an ASA score of ≥ 3, although this
was classified as a weak recommendation based on low quality evidence.8 In addition,
a national training program was started to re-introduce SEMS as BTS. Subsequent trend
reversals in the use of SEMS and ER after 2014 were likely the result of discussion of
LSOCC treatment at several national meetings, publications in national journals, and
building a research network (www.colonobstructie.nl). Together with auditing (DCRA),
these measures raised awareness, which attributed to guideline implementation. It
should be emphasised that the present study did not focus on the comparison of the
treatment strategies.
Stoma as BTS has long been considered a rather historical option by the Dutch surgeons,
explaining its low use of only 5 per cent in 2009. This was related to the additional
surgical intervention, which often results in a three-stage procedure with subsequent
resection and restoration of continuity in third instance. Nevertheless, a fourfold
increase in the use of DS was observed. Notably, the initial stoma was increasingly
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closed at the time of resection, resulting in more two-stage procedures and fewer
permanent stomas since 2014.
Patients treated with SEMS after 2014 were older, but no changes in age were observed
for either the ER or DS groups. This observation suggests that not all Dutch physicians
act according to the revised guidelines yet, despite increased mortality and morbidity
following ER in patients over 70 years.6,14-19 Our study again underlines the relatively
high postoperative mortality reported in elderly and frail patients, especially following
ER. The higher proportion of Hartmann’s procedures in the emergency setting might be
interpreted as another attempt to lower the postoperative mortality, and suggests
increased awareness of the risks of ER. Yet, this did not result in reduction of mortality
rates. However, we included patients treated until 2016 – two years after publication
of the updated guidelines.7,8 As guideline implementation is known to take several
years, continuing auditing is necessary to observe whether further substitution from ER
to BTS strategies occurs and whether this eventually will improve complication and
mortality rates at a national level.
Strengths of the current study include a high participation rate of hospitals: of 4216
patients who underwent resection for LSOCC, 3879 were eventually included (92.0%).
In addition, extensive information was collected such as diagnostic details of colonic
obstruction. In fact, we excluded 670 of 3879 patients (17.3%) based on the absence of
(clinical signs of) obstruction. This discrepancy with DCRA data was also observed by
Borstlap et al.,20 who reported anastomotic leakage after low anterior resection in
rectal cancer for 8.2% of patients in the original DCRA database versus 13.4% in the
subsequent collaborative cross-sectional study of that same population.
Nonetheless, our study has limitations. Some data were still lacking due to the
retrospective data collection. For example, data on the length of stenosis was only
known for 1064 of 2587 patients (41.1%) and we did not have information on historical
changes in surgical technique and post-operative care, for example. However, many of
the procedural and outcome indicators were known for a large number of patients.
Therefore, we do not expect this to have influenced our conclusion. Furthermore, only
patients who underwent a colorectal resection were registered in the DCRA database.
BTS patients who died before resection were therefore not included. This could have
positively affected the results on BTS. However, no mortality in the bridging period after
SEMS was reported in any of the randomised controlled trials included by Arezzo et al.4
Therefore, the influence of this shortcoming is expected to be negligible for this group.
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In conclusion, this nationwide study shows a trend reversal in the application of ER
(decrease) and SEMS (increase) after 2014, with significant procedural changes such as
an increase in the proportion of laparoscopic resections, an increase in the proportion
of two-stage procedures with decreased permanent stoma rate in the DS as BTS group,
as well as a decrease in total hospital stay. In contrast, 90-day complication and
mortality rates did not improve over time for the whole population with LSOCC.

Role of funding source
This study was funded by unrestricted grants from the Dutch Cancer Society (KWF) and
Citrienfonds. The funding organisations did not have any influence on study design,
data collection and analysis, or writing of the manuscript.
Author contributions
Study concept and design: All authors. Data acquisition: JV, FA, WB, EH. Data
interpretation: All authors. Manuscript preparation: JV. Critical revision: All authors.
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SUPPLEMENTARY CONTENT
Appendix 1a. Motivation for emergency resection as initial treatment.
Emergency resection
N = 2013 (%)
655/1921 (34.1)
14/1921 (0.7)
74/1921 (3.9)
4/1921 (0.2)
1052/1921 (54.8)
122/1921 (6.4)

Clinical condition of the patient
No bridge to surgery in this hospital
According to national guidelines
High risk of SEMS related complications
No motivation registered in patient file
Other
SEMS = self-expandable metal stent

Appendix 1b. Motivation for bridge to surgery (DS or SEMS) as initial treatment.

As an alternative to emergency resection
Operation risk too high
No specialised surgeon available for
emergency resection
Hospital protocol
No motivation registered in patient file
Other
As an alternative to DS or SEMS as BTS
No performance of SEMS placements in
this hospital
No specialised gastroenterologist available
Length of stenosis
High risk of SEMS related complications
High risk of stoma related complications
No motivation registered in patient file
Other

DS as BTS
N = 345 (%)

SEMS as BTS
N = 229 (%)

97/340 (28.5)
3/340 (0.9)

88/201 (43.8)
0/201 (0.0)

58/340 (17.1)
124/340 (36.5)
58/340 (17.1)

18/201 (9.0)
25/201 (12.4)
58/201 (28.9)

87/316 (27.5)

NA

7/316 (2.2)
6/316 (1.9)
5/316 (1.6)
NA
172/316 (54.4)
39/316 (12.3)

NA
30/200 (15.0)
NA
7/200 (3.5)
117/200 (58.5)
46/200 (23.0)

DS = decompressing stoma; SEMS = self-expandable metal stent; BTS = bridge to surgery; NA = not
applicable
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Overall complication ratea (N = 2517)
Complications requiring re-intervention (N = 2531)
Complications following tumour resection (N = 2547)

Anastomotic leakage

Abscess (intra-abdominal)

Fascia dehiscence

Wound infection

Post-operative ileus

Gastroparesis

Bleeding
Abscess (abdominal wall)

90-day mortality (N = 2587)

< 70 years

≥ 70 years

ASA 1-2

ASA 3-4

≥ 70 years and ASA 3-4
Completeness of resection (N = 2518)

R0

R1
R2

Median hospital stay in days following resection (IQR)
(N = 2485)
Total median hospital stay in days (IQR) (N = 2420)
Post-operative chemotherapy (N = 2549)
Median time in weeks from resection until start postoperative chemotherapy (IQR) (N = 894)

Appendix 2. Outcome indicators.
Emergency resection
N = 2013 (%)
773/1982 (39.0)
264/1986 (13.3)
773/1982 (39.0)
106/788b (13.5)
109/2008 (5.4)
75/1897 (4.0)
217/1921 (11.3)
193/1914 (10.1)
91/1900 (4.8)
29/1906 (1.5)
25/1896 (1.3)
157/2013 (7.8)
23/894 (2.6)
134/1119 (12.0)
48/1311 (3.7)
109/683 (16.0)
93/489 (19.0)
1890/1961 (96.4)
59/1961 (3.0)
12/1961 (0.6)
11.0 (8.0-16.0)
14.0 (10.0-21.0)
792/1982 (40.0)
6.0 (4.0-8.0)

Overall population
N = 2587 (%)
970/2517 (38.5)
341/2531 (13.5)
936/2547 (36.7)
140/1249 (11.2)
135/2580 (5.2)
93/2447 (3.8)
267/2476 (10.8)
218/2466 (8.8)
109/2452 (4.4)
34/2458 (1.4)
30/2446 (1.2)
178/2587 (6.9)
25/1179 (2.1)
153/1408 (10.9)
55/1744 (3.2)
123/818 (15.0)
106/583 (18.2)
2421/2518 (96.1)
81/2518 (3.2)
16/2518 (0.6)
10.0 (7.0-16.0)
14.0 (10.0-22.0)
1014/2549 (39.8)
6.0 (4.0-8.0)

18.0 (13.0-27.0)
137/339 (40.4)
5.0 (4.0-8.0)

319/340 (93.8)
18/340 (5.3)
3/340 (0.9)
7.0 (5.0-11.0)

DS as BTS
N = 345 (%)
110/321 (34.3)
39/324 (12.0)
90/340 (26.5)
16/292 (5.5)
13/343 (3.8)
7/328 (2.1)
34/332 (10.2)
10/330 (3.0)
9/329 (2.7)
3/330 (0.9)
2/328 (0.6)
8/345 (2.3)
1/189 (0.5)
7/156 (4.5)
2/267 (0.7)
6/78 (7.7)
6/51 (11.8)

15.0 (11.0-24.0)
85/228 (37.3)
6.0 (4.0-9.0)

212/217 (97.7)
4/217 (1.8)
1/217 (0.5)
7.5 (5.0-14.0)

SEMS as BTS
N = 229 (%)
87/214 (40.7)
38/221 (17.2)
73/225 (32.4)
18/169 (10.7)
13/229 (5.7)
11/222 (5.0)
16/223 (7.2)
15/222 (6.8)
9/223 (4.0)
2/222 (0.9)
3/222 (1.4)
13/229 (5.7)
1/96 (1.0)
12/133 (9.0)
5/166 (3.0)
8/57 (14.0)
7/43 (16.3)
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BTS = bridge to surgery; ASA = American Society of Anesthesiologists; IQR = interquartile range; DS = decompressing stoma; SEMS = self-expandable metal stent; a Complications
following SEMS, decompressing
stoma, and/or tumour resection combined; b Data on anastomotic leakage missing from 4 patients
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Appendix 3a. Decompressing stoma-specific complications.

Prolaps
High output stoma
Necrosis
Retraction
Parastomal hernia
Bleeding
Intra-abdominal abscess

DS as BTS
N = 345 (%)
6 (1.7)
6 (1.7)
4 (1.2)
1 (0.3)
1 (0.3)
1 (0.3)
0 (0.0)

3

DS = decompressing stoma; BTS = bridge to surgery

Appendix 3b. SEMS-specific complications.

Patients with SEMS-related complication(s)

Perforationa

Migration

Obstruction

Abdominal or rectal pain

Bleeding

SEMS as BTS
N = 229 (%)
25 (10.9)
8 (3.5)
7 (3.1)
8 (3.5)
4 (1.7)
1 (0.4)

Patients with a perforation

Clinically relevant

Macroscopic during operation

Microperforation

20 (8.7)
8 (3.5)
6 (2.6)
7 (3.1)

SEMS = self-expandable metal stent; BTS = bridge to surgery; a Combination of
bowel perforation with SEMS in situ and guidewire-related perforations
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ABSTRACT
This Guideline is an official statement of the European Society of Gastrointestinal
Endoscopy (ESGE). It is a revision of the previously published guideline addressing the
role of self-expandable metal stents for obstructing colonic and extracolonic cancer.
The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system was adopted to define the strength of recommendations and the quality of
evidence.
The following recommendations should only be applied after a thorough diagnostic
evaluation including a contrast-enhanced computed tomography (CT) scan:
1 ESGE recommends colonic stenting to be reserved for patients with clinical symptoms
and radiological signs of malignant large-bowel obstruction, without signs of
perforation. ESGE does not recommend prophylactic stent placement (strong
recommendation, low quality evidence).
2 ESGE recommends stenting as a bridge to surgery to be discussed, within a shared
decision-making process, as a treatment option in patients with potentially curable leftsided obstructing colon cancer as an alternative to emergency resection (strong
recommendation, high quality evidence).
3 ESGE recommends colonic stenting as the preferred treatment for palliation of
malignant colonic obstruction (strong recommendation, high quality evidence).
4 ESGE suggests consideration of colonic stenting for malignant obstruction of the
proximal colon either as a bridge to surgery or in a palliative setting (weak recommendation, low quality evidence).
5 ESGE suggests a time interval of approximately 2 weeks until resection when colonic
stenting is performed as a bridge to elective surgery in patients with curable left-sided
colon cancer (weak recommendation, low quality evidence).
6 ESGE recommends that colonic stenting should be performed or directly supervised
by an operator who can demonstrate competence in both colonoscopy and
fluoroscopic techniques and who performs colonic stenting on a regular basis (strong
recommendation, low quality evidence).
7 ESGE suggests that a decompressing stoma as a bridge to elective surgery is a valid
option if the patient is not a candidate for colonic stenting or when stenting expertise
is not available (weak recommendation, low quality evidence).
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INTRODUCTION
Colorectal cancer is one of the most common cancers worldwide, particularly in the
economically developed world.1 Large-bowel obstruction caused by advanced colonic
cancer occurs in 8-13% of colonic cancer patients.2-4 The management of this severe
clinical condition has been controversial.5 Over the last decade, many articles have been
published on the subject of colonic stenting for malignant colonic obstruction, including
randomised controlled trials (RCTs) and systematic reviews. Hereby, the role of selfexpandable metal stents (SEMSs) in the treatment of malignant colonic obstruction has
become better defined. This evidence- and consensus based clinical guideline has been
developed by the European Society of Gastrointestinal Endoscopy (ESGE). It is an
update of the previously published guideline,6 aims to put the new evidence that
became available over the last 5 years into perspective and to provide statements
regarding the use of SEMS in the treatment of malignant colonic obstruction. With the
exception of one trial,7 all published RCTs on colonic stenting for malignant obstruction
excluded rectal cancers, which were usually defined as within 8 to 10 cm of the anal
verge, and colonic cancers proximal to the splenic flexure. Rectal stenting is often
avoided because of the presumed association with complications such as pain,
tenesmus, incontinence, and stent migration. Proximal colonic obstruction is generally
managed with primary surgery, although there are no RCTs to support this assumption.
Because of the aforementioned limitations, unless indicated otherwise, the
recommendations in this guideline only apply to left-sided colon cancer arising from the
rectosigmoid colon, sigmoid colon, descending colon, and splenic flexure, while
excluding rectal cancers and those proximal to the splenic flexure, and other causes of
colonic obstruction including extracolonic obstruction.

METHODS
The ESGE commissioned this Guideline and appointed a guideline leader (J.v.H.), who
invited the listed authors to participate in the project development. The key questions
were prepared by the coordinating team (J.V. and J.v.H.) and then approved by the
other members. The coordinating team formed task force subgroups, each with its own
leader, and divided the key topics among these task forces (see Appendix e1, available
online). Each task force performed a systematic literature search to prepare evidencebased and well-balanced statements on their assigned key questions. The coordinating
team independently performed systematic literature searches with the assistance of a
librarian. The Medline, EMBASE, and The Cochrane Library databases were searched
95
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including at minimum the following key words: colon, cancer, malignancy or neoplasm,
obstruction and stents. All articles studying the use of colonic stent for malignant largebowel obstruction were selected by title or abstract. After further exploration of the
content, the article was then included and summarised in the literature tables of the
key topics when it contained relevant data (see Appendix e2, Tables e1– e5, available
online). All selected articles were graded by the level of evidence and strength of
recommendation according to the GRADE system.8 The literature searches were
updated until July 2019. Each task force proposed statements on their assigned key
questions which were discussed and voted on during the plenary meeting held in
September 2019, Amsterdam, the Netherlands. An overview of the statements of the
previous guideline published in 20146 versus the updated statements was created
(Appendix e3). In October 2019, a draft prepared by the coordinating team was sent to
all group members. After agreement of all members had been obtained, the manuscript
was reviewed by two external reviewers and was sent for further comments to the ESGE
national societies and individual members. After this, the manuscript was submitted to
the journal Endoscopy for publication. All authors agreed on the final revised
manuscript. This Guideline was issued in 2020 and will be considered for review in 2025
or sooner if new and relevant evidence becomes available.
Any updates to the Guideline in the interim will be noted on the ESGE website:
http://www.esge.com/esgeguidelines.html.

RECOMMENDATIONS AND STATEMENTS
Evidence statements and recommendations are stated in italics.
General considerations before colonic stenting
ESGE recommends colonic stenting to be reserved for patients with clinical symptoms
and radiological signs of malignant large-bowel obstruction, without signs of
perforation. ESGE does not recommend prophylactic stent placement (strong
recommendation, low quality evidence).
Colonic stenting is indicated only in those patients with both obstructive symptoms and
radiological findings suspicious of malignant large-bowel obstruction. Obstruction is a
predominant complication of the tumour in patients treated primarily with
chemotherapy because of metastasised colorectal cancer at diagnosis.9 Colonoscopic
traversability, i.e. the inability to advance the scope beyond the tumour, has been
suggested as a risk factor for the development of symptomatic bowel obstruction
during treatment with primary chemotherapy.10-12 Nevertheless, prophylactic stenting
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for patients with colonic malignancy without evidence of symptomatic obstruction is
strongly discouraged because of the potential risks associated with colonic stenting.
The only absolute contraindication for colonic stenting is perforation. In addition,
colonic stenting is less successful in patients with peritoneal metastases and tumours
close to the anal verge (< 5 cm), the latter because of tenesmus.13-15 There is no highquality literature to grade the severity of the obstruction. A Japanese group developed
the ColoRectal Obstruction Scoring System (CROSS) aimed to aid in the evaluation of
severity of colonic obstruction.16 Studies comparing the outcomes of total and subtotal
obstruction used different definitions (e.g. based on symptoms, radiologic or
endoscopic findings) and reported inconsistent outcomes. Increasing age and American
Society of Anesthesiologists (ASA) classification ≥ III do not affect stent outcome (i.e.
clinical success and complications) in several observational studies,17-22 although these
are well-known risk factors for postoperative mortality after surgical treatment of largebowel obstruction.23-25
ESGE recommends performing contrast-enhanced computed tomography (CT) scan
when malignant colonic obstruction is suspected (strong recommendation, low quality
evidence).
When malignant colonic obstruction is suspected, contrast-enhanced CT imaging is
recommended because it can diagnose obstruction (sensitivity 96%, specificity 93%),
define the level of the stenosis in 94% of cases, accurately identify the etiology in 81%
of cases, and provide correct local and distal staging in the majority of patients. 5,26
When CT is inconclusive about the etiology of the obstructing lesion, colonoscopy may
be helpful to evaluate the exact cause of the stenosis.
Regarding cecal pneumatosis on CT, one small retrospective study of 10 patients has
been published concluding that despite CT findings of cecal pneumatosis, the cecum
was deemed to be viable intra-operatively in all patients.27 They concluded that cecal
pneumatosis alone is not a reliable predictor of cecal ischemia in patients presenting
with acute malignant large bowel obstruction and that colonic stenting should not be
precluded in these patients. However, as literature is very scarce on this subject, no
recommendations regarding cecal pneumatosis and colonic stenting can be made.
ESGE recommends examination of the remaining colon to exclude synchronous
pathology in patients with potentially curable colonic cancer, either before or no more
than 6 months after alleviation of the colonic obstruction (strong recommendation, low
quality evidence).
The risk of proximal neoplasia increases in the presence of distal lesions. European
studies, including three that are population-based, show that synchronous colorectal
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tumours occur in 3%–4% of patients diagnosed with colorectal cancer.28-31 Since 2014,
several studies have assessed preoperative through-the-stent colonoscopy in patients
with stenosing colorectal cancer.32-35 The majority of patients underwent bowel
cleansing with polyethylene glycol.33,34 Completed preoperative colonoscopy ranged
from 62.5% to 96.6%,32-34 with the lowest rate increasing to 87.5% when an additional
gastroscope was used.34 Incomplete colonoscopy was mostly related to the degree of
stent expansion. Synchronous colorectal cancers were diagnosed in 0%-17.9% of cases
and adenomatous lesions in 29.4%-60.7%.32-34 One study described a patient having
subclinical subdiaphragmatic free air (2.1%) and eight having self-limited minor
bleeding (16.6%) after the procedure.34
CT colonography is at least as effective as colonoscopy in identifying colonic lesions
(sensitivity 97.56% versus 92.68%, negative predictive value 93.75% versus 83.3%),
more frequently allowing complete colon visualisation (100% versus 62%).36 However,
the clinical impact of CT colonography in stenosing colorectal cancer is disputable, as it
correctly changes the primary surgical plan in only 1.9% of patients. Moreover, there is
a risk of false positive results.37 Positron emission tomography (PET)/CT has a high
sensitivity and negative predictive value in recognizing synchronous lesions in patients
with obstructive colorectal cancer. It would thus allow defining the proper surgical plan
38-40
, although it is infrequently used in clinical practice.
In general, exploration of the remaining colon is advisable in patients with distal
stenosing colorectal cancer, but no studies have specifically evaluated its ideal timing.
Colon exploration may be performed either before or no more than 6 months after
alleviation of the colonic obstruction. Both conventional colonoscopy and CT
colonography are feasible, but some risk of complications and potential spread of
tumour cells through endoscopic manipulation may be related to pre-operative
colonoscopy.
ESGE recommends that colonic stenting for diverticular disease should be avoided
(strong recommendation, low quality evidence). ESGE recommends to take endoscopic
biopsies of an obstructing tumour, however pathological confirmation of malignancy
should not persistently be pursued in an urgent setting, such as during stent placement
for acute colonic obstruction (strong recommendation, low quality evidence).
When a malignancy is suspected after diagnostic studies, a small number of patients
will have a benign cause of obstruction. Two RCTs comparing SEMS as a bridge to
surgery versus emergency surgery in patients with left-sided malignant obstruction
reported benign obstructive lesions in 4.6% (3/65)41 and 8.2% (8/98)42 of the randomised patients. These benign colonic lesions that mimic malignancy are usually due to
diverticular disease. Further evidence of the difficulty of this distinction is also reflected
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by a systematic review, showing a 2.1% prevalence of underlying adeno-carcinoma of
the colon in 771 patients in whom acute diverticulitis was diagnosed through CT
imaging.43 Stent placement in active diverticular inflammation is associated with a risk
of perforation and should therefore be avoided.44 Additionally, pathological confirmation of malignancy before emergency stent placement is often not feasible and is
not required prior to colonic stenting. However, endoscopic biopsy for confirmation of
malignancy should preferably be obtained during the stent placement procedure, as it
may modify the further management of the stented patient.45-47 In the case pathology
shows benign disease, one has to consider the possibility of sampling error. Otherwise,
early resection of a suspected benign obstruction might be indicated.
ESGE suggests that patients with a colonic obstruction should receive preparation with
an enema to clean the colon distal to the stenosis in order to facilitate stricture
visualization and stent placement (weak recommendation, low quality evidence). ESGE
does not recommend antibiotic prophylaxis specifically for colonic stenting (strong
recommendation, low quality evidence).
Symptomatic bowel obstruction is a relative contraindication to oral bowel cleansing.
The majority of studies do not report on performance of bowel preparation or cleansing
enemas before stent placement. Among studies published since 2014, in only 16.4% a
cleansing enema was mentioned to be used before stent placement and in 1.2% oral
bowel preparation was performed according to tolerance or in the circumstances of
incomplete obstruction. A post-hoc analysis of a prospective multicentre study showed
that preparation with a cleansing enema facilitated stent placement, resulting in slightly
fewer procedures exceeding a procedure time beyond the 75th percentile (23.8% versus
28.9%, OR 0.5, p<0.01).48
Antibiotic prophylaxis before colonic stenting in patients with malignant colonic
obstruction is not indicated because the risk of fever and bacteremia after stent
insertion is very low. One prospective study analysed 64 patients with colorectal cancer
who underwent a stent procedure.49 Four of 64 patients (6.3%) had a positive poststenting blood culture and none of the patients developed symptoms of infection
within 48 hours following stent placement. Prolonged procedure time was associated
with transient bacteremia (36 versus 16 minutes, P<0.01). One other retrospective
series of 233 patients undergoing colonic stenting for malignant obstruction described
that blood cultures had been drawn for unspecified reasons in 30 patients within two
weeks after stent placement, showing bacteremia/fever in 7 patients (3%), which was
reported as a minor complication.21 A propensity-score matched analysis of prophylactic antibiotics for colonic stenting showed no significant differences in post-SEMS
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infectious complications, such as fever, bacteremia, and systemic inflammatory
response syndrome.50
ESGE recommends that colonic stenting should be performed or directly supervised by
an operator who can demonstrate competence in both colonoscopy and fluoroscopic
techniques and who performs colonic stenting on a regular basis (strong recommendation, low quality evidence).
Several non-comparative studies addressed the learning curve of a single endoscopist
performing colonic stenting.22,51-54 In most of these studies, it was mentioned that the
endoscopists were experienced in colonoscopy. Two studies showed an increase in
technical success and a decrease in the number of stents used per procedure after
performance of at least 20 procedures.51,52 Two other retrospective series have shown
that operator experience affects stenting outcome. The first reported significantly
higher technical and clinical success rates when the stent was inserted by an operator
who had performed at least 10 colonic stent procedures.22 The second showed a
significantly increased immediate perforation rate when colonic stent placement was
performed by endoscopists inexperienced in pancreaticobiliary endoscopy.21 The
authors of the latter article explained the lower immediate perforation rate by the skills
that therapeutic ERCP endoscopists have in traversing complex strictures,
understanding fluoroscopy, and deploying stents.21 Based on the current data, it is
difficult to recommend a specific minimum number of performed stent placements. As
experience is a significant predictor of success, colonic stent placements should be
performed or directly supervised by a competent interventional endoscopist.
Technical considerations of colonic stenting
ESGE suggests that colonic stenting should be performed with the combined use of
endoscopy and fluoroscopy (weak recommendation, low quality evidence).
Colonic stenting can be performed by using either the through-the-scope (TTS) or the
over-the-guidewire (OTW) technique. The OTW technique is performed using fluoroscopic guidance with or without tandem endoscopic monitoring. Purely radiologic stent
placement is performed by advancing the stent deployment system over a stiff
guidewire, and technical and clinical success rates of 83% – 100% and 77% – 100% have
been reported in observational studies.55-61 Retrospective studies that compared
endoscopy combined with fluoroscopic guidance versus solely radiography for stent
placement show comparable success rates, although some studies show a trend
towards higher technical success when either the endoscopic or the combined
technique is used compared to solely radiography.22,48,62-67
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ESGE recommends not to perform stricture dilation in the setting of colonic stenting
(strong recommendation, low quality evidence).
Although based on low quality evidence, there are strong indications that stricture
dilation either just before or after colonic stent placement adversely affects the clinical
outcome and particularly increases the risk of colonic perforation.13,18,21,67,68 Pooled
analyses of mainly retrospective data from series that mostly included patients with
malignant strictures, also revealed an increased risk of perforation after stricture
dilation.63,69,70 In addition, no significant effects of balloon dilation on technical
success48,67 and clinical success67 were observed.
ESGE recommends the use of uncovered SEMS in the curative setting (strong recommendation, low quality evidence). ESGE suggests the use of uncovered SEMS in the
palliative setting (weak recommendation, low quality evidence). ESGE suggests to
individually tailor the length of the stent to the length of the stenosis and location of the
tumour, whereby the stent should preferably exceed the stricture at both ends by 1.5-2
cm (weak recommendation, low quality evidence).
A meta-analysis from 2019, including one RCT, seven prospective observational studies,
and two retrospective studies, compared covered and uncovered SEMS either as bridge
to surgery in the curative setting or as palliative treatment. Uncovered SEMS was
associated with fewer complications (RR 0.57) including less tumour overgrowth (RR
0.29) and SEMS migration (RR 0.29), longer SEMS patency (mean duration 18 months),
and fewer reinsertions (RR 0.38), although the risk of tumour ingrowth was higher (RR
4.53).71 Technical and clinical success did not differ. These observations confirm the
results of two earlier meta-analyses, showing less migration but more tumour ingrowth
for uncovered SEMS.72,73 In the palliative setting, migration can be treated with stent
replacement or stent-in-stent techniques.74,75 However, in bridge to surgery patients,
most patients with stent migration are treated with earlier surgery.
Evidence is too limited to recommend on the ideal stent diameter. Comparisons of
SEMS with several diameters did not show any differences in technical success, clinical
success, or adverse events including perforation.22,76-79 Smaller caliber stents were
considered to produce less mechanical stress, with a potentially decreased perforation
rate.76,79 However, a few studies have suggested an association between smalldiameter stents (< 24mm) and adverse events, in particular stent migration.21,80-82
Conflicting results regarding ideal stent length have been reported.13,17,22,48,60,76,83-86
Longer stents may allow for better conformability to tumour stricture, especially when
located in flexures. Distal stent markers should be located proximal to the obstruction
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in anticipation of stent foreshortening. It is recommended to use a stent that is long
enough to bridge the stenosis and to extend at least 1.5 – 2 cm on each side of the
lesion, taking into account the degree of shortening after stent deployment.
Several studies have shown no differences in efficacy and safety between different
stent designs.58,75,87-89
Clinical indication: colonic stenting as a bridge to elective surgery
ESGE recommends stenting as a bridge to surgery to be discussed, within a shared
decision-making process, as a treatment option in patients with potentially curable leftsided obstructing colon cancer as an alternative to emergency resection (strong
recommendation, high quality evidence). This discussion should include the following
factors: availability of required stenting expertise, risk of stent-related perforation,
higher recurrence rates, similar overall survival and postoperative mortality, lower
overall complication rates and permanent stoma rates, more laparoscopic one-stage
surgery, and technical and clinical failure rates of stenting (strong recommendation,
high quality evidence).
Interpretation of the literature on stent as bridge to surgery can be challenging. There
are a large number of retrospective and cohort studies with conflicting results, some of
which have been included in meta-analyses. Most randomised trials were published
almost a decade ago and were relatively small.41,42,90-95 The (long-term) results of the
two largest and recently completed trials (CReST and ESCO) are becoming available.94,96
Details of the patients’ population often lack clear definitions and there is heterogeneity of interventions and study populations. These include stage and curability of
the patients, severity of obstruction based on both clinical symptoms and imaging
findings, and type of emergency surgery performed. Concerning the latter issue, only
performing a decompressing stoma in the emergency setting is also a bridging
technique similar to colonic stenting, which has a different risk profile compared to
emergency resection. Treatment decisions are highly dependent on treatment intent,
but many studies on stent as bridge to surgery mix palliative and curative cases.
Furthermore, intention of treatment is often difficult to determine in the emergency
setting, and the effectiveness of multimodality treatment in stage IV disease is
improving.
Most literature is on left-sided obstructing colon cancer excluding (distal) rectal
cancers, but similar clinical issues have been raised regarding right-sided malignant
obstruction proximal to the splenic flexure.97-99
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Sensitivity analysis has shown that experience and volume might influence long-term
outcome, based on meta-analyses of studies with technical success rates < 90% versus
≥ 90%, and studies including < 40 versus ≥ 40 SEMS cases.100. Therefore, unit experience
and expertise may also influence treatment decisions.
The literature shows technical and clinical failure rates of up to 25% for colonic stenting,
influenced by expertise, technique, and localization of the obstruction (i.e.
colonic/sigmoid flexures).76,101-106 Considering short-term outcomes, meta-analyses
have shown lower morbidity rates after stent as bridge to surgery than emergency
surgery,107,108 similar postoperative mortality rates,107 and higher primary anastomoses
rates.108
There are few studies available on the oncological implications of stent-related perforation. These perforations mostly consider clinically overt perforations. In a subgroup
analysis of the Dutch Stent-in 2 trial, Sloothaak et al. demonstrated an increased
recurrence risk in stent-related perforation patients (clinically overt and occult, n=6)
compared to patients without a stent-related perforation.109 Similar comparisons on
patients with versus without a stent-related perforation were performed in a Dutch
population-based study (17 perforations), showing a 3-year locoregional recurrence of
18% versus 11% (p=0.432), 3-year disease free survival of 49% versus 60% (p=0.717),
and 3-year overall survival of 61% and 75% (p=0.529), respectively.110 Presently
available data are still underpowered but suggest a negative impact of stent-related
perforation on oncological outcomes. The initial RCTs showed relatively high rates of
bowel perforation, which led to premature termination of two trials.41,42 More recent
trials showed perforation rates below 10%.94 Sensitivity analyses revealed that 3-year
overall survival was significantly better in studies with a perforation rate less than 8%
compared to those with 8% or higher.100 It has been argued that oncologic outcome
after perforations might be different depending on etiology or presence of symptoms
(e.g. guidewire or stent expansion related, clinically silent or overt), but too few data
are available to confirm. Other similar factors such as forceful stent expansion of the
tumour could introduce cancer cells into vessels, this way facilitating dissemination.111
Furthermore, colonic stenting may promote perineural invasion as detected in resected
specimens, albeit not translating into poorer oncologic outcomes.112,113 So far, there are
insufficient data to support these theories and findings.
A recent meta-analysis showed higher overall recurrence (37.0% versus 25.9%, RR
1.425, 95% CI 1.002–2.028, p=0.049) and systemic recurrence (RR 1.627, 95% CI 1.009–
2.621, p=0.046) in the colonic stenting group. Nevertheless, this did not translate into
significantly worse 3-year disease free survival or 3-year overall survival.107 These
results were confirmed by another meta-analysis that showed no differences in 5-year
disease-free survival and 5-year overall survival.100 Moreover, the unpublished data
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related to the ESCO study and the CReST study show similar overall, systemic, and local
recurrences between both groups.
A long-term advantage of colonic stenting over emergency resection includes a lower
permanent stoma risk and higher primary anastomosis rates.100,110 Considering
outcome measures of hospital stay and quality of life, there are sparse and inconclusive
data.
For individual patients, decision-making might be influenced by the relative importance
of particular endpoints. For a young fit patient, the chance of stoma reversal in the long
run is likely to be high,110 while a potentially higher risk of distant recurrence might
result in a preference for emergency resection. For elderly patients, short-term
outcomes might be more important, especially the lower risk of complications and
lower chance of a stoma.
As an alternative to colonic decompression, insertion of a transanal decompression
tube (TDT) is only rarely performed, with most case series performed in south-east
Asian countries. A recent meta-analysis on TDT versus colonic stenting as bridge to
surgery reported lower technical success, lower clinical success, fewer primary tumour
resections, fewer primary anastomoses, and more stomas for TDT than colonic
stenting.114 Therefore, ESGE does not recommend TDT placement over colonic stent
placement.
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Patients with left-sided malignant colonic obstruction
8 RCTs
Preoperative SEMS (n = 251)
Emergency surgery (n = 246)

Arezzo, 2017116

SEMS versus emergency surgery:
- Lower overall complication risk (RR 0.605, 95% CI 0.3820.958)
- No significant difference in 30-day mortality (RR 0.963, 95%
CI 0.468-1.982)
SEMS versus emergency surgery:
- Lower directly stoma rate (OR 0.46, 95% CI 0.30-0.70)
- Higher successful primary anastomosis rate (OR 2.29, 95% CI
1.52-3.45)
- Fewer post-procedural complications (OR 0.39, 95% CI 0.180.82)
- Fewer wound infections (OR 0.49, 95% CI 0.27-0.87)
SEMS versus emergency surgery:
- Fewer postoperative complications (RR 0.6, 95% CI 0.38-0.96)
- Fewer stomas (RR 0.64, 95% CI 0.51-0.80)
- No significant difference in primary anastomosis rate (RR
1.20, 95% CI 0.95-1.52)
- No significant difference in anastomotic leakages (RR 0.93,
95% CI 0.45-1.92)
- No significant difference in in-hospital mortality (RR 0.98,
95% CI 0.53-1.82)
SEMS versus emergency surgery:
- Lower overall morbidity rate (RR 0.59, 95% CI 0.38-0.93)
- Fewer temporary stomas (RR 0.67, 95% CI 0.54-0.83)
- Higher primary anastomosis rate (RR 1.29, 95% CI 1.01-1.66)
- No significant difference in overall mortality < 60 days after
surgery (RR 0.98, 95% CI 0.53-1.82)

Patients with acute left-sided malignant colonic
obstruction
7 RCTs
Preoperative SEMS (n = 222)
Emergency surgery (n = 226)
Patients with acute left-sided obstructive colorectal
cancer
8 RCTs
Preoperative SEMS (n = 251)
Emergency surgery (n = 246)

Patients with left-sided malignant colorectal
obstruction
7 RCTs
Preoperative SEMS (n = 222)
Emergency surgery (n = 226)

Results

Study population

Allievi, 2017115

Yang, 2018108

First author,
year
Foo, 2019107

Meta-analysis of RCTs
High quality evidence

Meta-analysis of RCTs
High quality evidence

Meta-analysis of RCTs
High quality evidence

Study design
Level of evidence
Meta-analysis of RCTs
High quality evidence

Table 1. Meta-analyses of short-term outcomes of self-expandable metal stent (SEMS) placement as a bridge to elective surgery.
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Patients with left-sided malignant colonic obstruction
6 RCTs
Preoperative SEMS (n = 136)
Emergency surgery (n = 137)

Zhao, 2014119

SEMS versus emergency surgery:
- Higher one-stage anastomosis rate (OR 2.56, 95% CI 1.793.66, p<0.0001)
- No significant difference in anastomotic leakages (OR 1.12,
95% CI 0.55-2.30, p=0.75)
- Lower postoperative mortality rate (OR 0.51, 95% CI 0.260.98, p=0.04)
- Fewer minor complications (OR 0.65, 95% CI 0.45-0.93,
p=0.02)
SEMS versus emergency surgery:
- Higher primary anastomosis rate (OR 2.01, 95% CI 1.21-3.31)
- Lower overall complication rate (OR 0.30, 95% CI 0.11-0.86)
- Fewer wound infections (OR 0.31, 95% CI 0.14-0.68)
- No significant difference in anastomotic leakage rate (OR
0.74, 95% CI 0.33-1.67)
- No significant difference in mortality (OR 0.88, 95% CI 0.401.96)
SEMS versus emergency surgery:
- Lower overall colostomy rate (RR 0.77, 95% CI 0.61-0.96,
p=0.02)
- Fewer surgical site infections (RR 0.51, 95% CI 0.28-0.92,
p=0.03)
- No significant difference in overall complication rate (RR 0.58,
95% CI 0.30-1.10, p=0.09)
- No significant difference in primary anastomosis rate (RR
1.29, 95% CI 0.86-1.94, p=0.22)
- No significant difference in anastomotic leakage rate (RR
0.73, 95% CI 0.32-1.71, p=0.47)
- No significant difference in operation-related mortality (NA)

Patients with left-sided colorectal cancer with
malignant obstruction
9 RCTs
Preoperative SEMS (n = 281)
Emergency surgery (n = 313)

Patients with acute left-sided malignant colonic
obstruction
7 RCTs
Preoperative SEMS (n = 195)
Emergency surgery (n = 187)

Results

Study population

Huang, 2014118

First author,
year
Wang, 2017117

Table 1. Continued.

Meta-analysis of RCTs
High quality evidence

Meta-analysis of RCTs
High quality evidence

Study design
Level of evidence
Meta-analysis of RCTs
High quality evidence
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Arezzo,
2017116

Yang, 2018108

Amelung,
2018100

First author,
year
Foo, 2019107

SEMS versus emergency surgery:
- No significant difference in tumour recurrence (RR 1.80, 95% CI 0.91-3.54)

SEMS versus emergency surgery:
- No significant difference in locoregional recurrence (OR 1.32, 95% CI 0.78-2.23)
- No significant difference in overall recurrence (OR 1.06, 95% CI 0.76-1.47)
- No significant difference in 3-year DFS (OR 0.96, 95% CI 0.73-1.26) and 5-year
DFS (OR 0.86, 95% CI 0.54-1.36)
- No significant difference in 3-year OS (OR 0.85, 95% CI 0.68-1.08) and 5-year OS
(OR 1.04, 95% CI 0.68-1.57)
SEMS versus emergency surgery:
- Higher tumour recurrence rate (OR 1.79, 95% CI 1.09-2.93)

SEMS versus emergency surgery:
- Higher overall recurrence rate (RR 1.425, 95% CI 1.002-2.028)
- Higher systemic recurrence rate (RR 1.627, 95% CI 1.009-2.621)
- No significant difference in locoregional recurrence (RR 1.110, 95% CI 0.5932.078)
- No significant difference in 3-year DFS (OR 1.429, 95% CI 0.801-2.550)
- No significant difference in 3-year OS (OR 1.659, 95% CI 0.930-2.962)

Patients with acute left-sided
malignant colonic obstruction
7 RCTs
Preoperative SEMS (n = 222)
Emergency surgery (n = 226)

Patients with acute left-sided
malignant colonic obstruction
5 RCTs, 4 prospective nonrandomised comparative studies, 12
retrospective comparative studies
Preoperative SEMS (n = 938)
Emergency surgery (n = 981)
Patients with acute left-sided
obstructive colorectal cancer
8 RCTs
Preoperative SEMS (n = 251)
Emergency surgery (n = 246)
Patients with left-sided malignant
colonic obstruction
8 RCTs
Preoperative SEMS (n = 251)
Emergency surgery (n = 246)

Results

Study population

Table 2. Oncological outcome of self-expandable metal stent (SEMS) placement.

Meta-analysis of RCTs
High quality evidence

Meta-analysis of RCTs
High quality evidence

Meta-analysis
Moderate quality evidence

Study design
Level of evidence
Meta-analysis of RCTs
High quality evidence
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Patients with malignant left-sided
colonic obstruction
5 RCTs, 3 prospective nonrandomised comparative studies,
9 retrospective comparative
studies
Preoperative SEMS (n = 688)
Emergency surgery (n = 655)

Patients with malignant largebowel obstruction
11 studies of which 2 RCTs,
2 prospective non-randomised
comparative studies, 7
retrospective comparative studies
Preoperative SEMS (n = 432)
Emergency surgery (n = 704)

Matsuda,
2015121

Recurrence at median follow-up of 36 months (p=0.685)
- SEMS 30.3%
- Surgery 33.9%

Patients with acute symptomatic
malignant left-sided large-bowel
obstruction (splenic flexure to 15
cm from anal margin as
diagnosed by CT imaging) (n =
115)
SEMS as BTS (n = 56)
Emergency surgery (n = 59)

SEMS versus emergency surgery:
- No significant difference in overall survival (RR 0.95, 95% CI 0.75-1.21, p=0.66)
- No significant difference in disease free survival (RR 1.06, 95% CI 0.91-1.24, p=0.43)
- No significant difference in recurrence (RR 1.13, 95% CI 0.82-1.54, p=0.46)

SEMS versus emergency surgery:
- No significant difference in overall recurrence (RR 1.11, 95% CI 0.84-1.47, p=0.47)
- No significant difference in local recurrence (RR 1.41, 95% CI 0.89-2.23, p=0.14)
- No significant difference in 3-year recurrence (RR 1.15, 95% CI 0.95-1.3zz9, p=0.14)
- No significant difference in 5-year recurrence (RR 1.05, 95% CI 0.88-1.25, p=0.59)
- No significant difference in 3-year mortality (RR 0.90, 95% CI 0.73-1.12, p=0.34)
- No significant difference in 5-year mortality (RR 1.00, 95% CI 0.82-1.22, p=0.99)

No significant difference in overall survival (p=0.998) and progression-free survival
(p=0.893)

Results

Study population

Ceresoli,
2017120

First author,
year
Arezzo,
201794

Table 2. Continued.

Meta-analysis
Moderate quality evidence

Meta-analysis
Moderate quality evidence

Study design
Level of evidence
RCT
High quality evidence
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Results
SEMS versus emergency surgery:
- Median follow-up: 41 (19-55) and 45 (35-60) vs months
- Higher 5-year overall recurrence rate (p=0.027)
- No significant difference in locoregional recurrence rate (p=0.052)
Patients with a stent perforation: n=6
Cumulative incidence of overall recurrences (P < 0.01):
– Patients with stent perforation: 83% (95 %CI 58% – 100%)
– Non-perforated stent patients: 34% (95 %CI 18%– 65 %)
– Emergency surgery: 26% (95%CI 14%– 47 %)
5-year cumulative incidence of locoregional recurrences (P = 0.053):
– Patients with stent perforation: 50% (95%CI 22%– 100 %)
– Non-perforated stent patients: 10% (95 %CI 3%–41%)

Study population

Patients with acute left-sided
malignant colonic obstruction (n =
98)
SEMS as BTS (n = 47)
Emergency surgery (n = 51)

CI = confidence interval; OR = odds ratio; RR = risk ratio; RCT = randomised controlled trial; SEMS = self-expandable metal stent

First author,
year
Sloothaak,
2014109

Table 2. Continued.
Study design
Level of evidence
Follow-up data of RCT42
Low quality evidence
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ESGE suggests reluctance regarding colonic stenting of long-segment stenosis in a
curative setting (weak recommendation, low quality evidence).
A post-hoc evaluation of a prospective observational study revealed that stricture
length of at least 5 cm was associated with technical difficulty of colonic stenting,48
whereas another retrospective study comparing strictures up to 4 cm and longer than
4 cm revealed no significant differences in technical success, clinical success, and
reobstruction.122 Boyle et al. (2015) showed that shorter strictures and wider angulation
distal to the obstruction were significantly associated with successful deployment and
clinical decompression.123 Furthermore, perforation was associated with longer
strictures. In addition, malignant strictures had a shorter median length compared to
strictures due to diverticular disease/external compression (40 versus 65 mm,
p=0.0003). Notably, a meta-analysis showed that perforation rates were significantly
higher for benign than malignant strictures (18.4% versus 7.5%).70 Based on these
findings, care should be taken when stenting a relatively long stricture as this might be
caused by a benign lesion (e.g. diverticulitis), with a potentially higher risk of
perforation. Furthermore, locally advanced tumours (cT4) might have an indication for
induction therapy, which might be another argument in refraining from colonic stenting
in large bulky lesions.
ESGE suggests a time interval of approximately 2 weeks until resection when colonic
stenting is performed as bridge to elective surgery in patients with curable left-sided
colon cancer (weak recommendation, low quality evidence).
The time interval for surgery after colonic stenting has to be discussed and analysed
depending on the balance between stent-related adverse events (reduced by a short
interval) and surgical outcomes (improved by a longer delay). No prospective
comparative data are available on the impact of this period (short versus long) for the
surgery, complications, overall or disease-free survival.
In a meta-analysis of RCTs that compared colonic stenting as bridge to surgery and
emergency surgery, the time intervals in the colonic stenting arms ranged from 3 days
to 4 weeks.107 Most of the stent-related complications occurred within 7 days in
recently published, large prospective studies.105,124 Conflicting data are noted in
retrospective studies regarding the association between the interval and postoperative
complication or disease-free recurrence and survival.78,125-130 The risk of anastomotic
leakage was significantly reduced when surgery was delayed for 10 days or longer in a
retrospective analysis 130. In another study, a cut-off value of 15 days was proposed to
significantly reduce the risk of postoperative complications (OR for an interval ≤ 15
days: 13.0, 95% CI 1.0-167.0, area under the curve 0.793).78 Considering risk of recur-
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rence, one study reported that a period ≥ 18 days was shown to be an independent risk
factor (OR 5.1, 95% CI 1.6-15.8, p=0.005).129 Nevertheless, other studies did not find any
significant impact of interval on outcome.127,128
Based on these data and clinical experience of experts, it seems that a certain period of
waiting after colonic stenting might be beneficial in order to optimize clinical condition,
and thereby reducing the risks of subsequent surgical resection. Since stent perforation
often occurs very early on, this seems not to be a preventable complication by reducing
the interval to resection. In the absence of good quality evidence, the interval should
be dictated by optimisation of nutritional status and adequate management of comorbidities, which may require a few weeks until surgery. There is a tendency towards
induction chemotherapy in locally advanced colon cancer. The FOXTROT trial has
recently been presented at American Society of Clinical Oncology (ASCO) meeting,131
and showed a significant decrease in R1 resection rate and a non-significant trend
towards better oncological outcome at two years. However, only a few patients in this
trial underwent colonic stenting as bridge to surgery, and separate data are not (yet)
available. Other studies of chemotherapy during the bridging interval in the curative
setting were not identified. Therefore, no recommendation could be formulated.
ESGE suggests that a decompressing stoma as bridge to elective surgery is a valid option
if the patient is not a candidate for colonic stenting or when stenting expertise is not
available (weak recommendation, low quality evidence).
Four retrospective studies have been published regarding the role of decompressing
stoma (DS) as bridge to elective surgery compared to colonic stenting for left-sided
colon cancer.102,132-134 In two of these studies, baseline differences were corrected for
using the propensity score.102,132
Three of four studies report a larger total number of interventions for DS construction
than colonic stenting.132-134 In addition, patients with DS had more primary
anastomoses constructed102,132 and had more stomas in situ after resection.132,134
Conflicting results on morbidity have been published. Lower major morbidity rates have
been reported for DS with no significant differences in total complication rate,132,134
although others reported higher complication rates for DS.102. In addition, permanent
stoma rate did not differ between the two bridge to surgery techniques.102,132,134
Locoregional recurrence,132 disease free survival,102,132,134 and overall survival132,134 were
similar. However, in one study, DS showed better overall survival than colonic stenting,
suggesting an important role for non-cancer related deaths.102
Based on the presently available literature, construction of a DS seems a valid
alternative to decompress the colon as a bridge to surgery. This is especially relevant in
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circumstances where sufficient experience with colonic stenting is not available, the
patient does not seem to be a good candidate for colonic stenting (e.g. long stenosis or
locally advanced disease that requires induction therapy), or if colonic stent placement
technically failed. DS also allows the patients to recover with a higher chance of a
primary anastomosis.102,132 The disadvantage is the fact that all patients will have a
stoma for a certain period of time, which often requires a third intervention to restore
continuity. The lack of good quality data on these two interventions suggests the need
for a randomised trial.
ESGE suggests consideration of colonic stenting for malignant obstruction of the proximal colon either as a bridge to surgery or in a palliative setting (weak recommendation,
low quality evidence).
Several retrospective series have shown that colonic stenting may be successful in
malignant obstruction of the proximal colon (MOPC) (i.e. proximal to the splenic
flexure).13,22,135-138 Studies comparing the technical success rates between stent
placement in right-sided and left-sided colon cancers show conflicting results with a
tendency to lower technical success rates in the right-sided colon.13,22,53,122,135,139 A posthoc analysis of a prospective multicentre study demonstrated longer procedure times
for stents placed in the right-sided colon,48 with other studies showing similar clinical
success, adverse event, and reintervention rates, as well as 5-year overall and disease
free survival when compared to the left-sided colon.13,22,97,99,135-138,140 When compared
to emergency surgery, a recent systematic review showed lower mortality (0% versus
10.8%, p=0.009), less major morbidity (0.8 vs 23.9%, p=0.049), and lower risk of
anastomotic leakage (0% versus 9.1%) for colonic stenting in patients with MOPC.99
Regarding the palliative setting, two retrospective series including both palliative and
curative patients presented conflicting data.98,141 The first study showed fewer early
complications (7.2% versus 30.5%, p=0.003) and shorter hospital stay (3.5 versus 8 days,
p<0.001), but lower clinical success (78% versus 100%, p<0.001) and lower patency
(73.9% versus 94.4%, p=0.02) for colonic stenting compared to emergency surgery in
MOPC.141 The second study was not able to find any differences between matched
colonic stenting and primary surgery patients regarding morbidity, mortality, or
hospital stay, although temporary stoma rate was lower in the stent group (0% versus
21.1%, p=0.04).98 In general, based on low quality evidence, a trend towards lower
morbidity and mortality exists for MOPC patients treated with colonic stenting
compared to emergency surgery. However, it should be mentioned that stenting of the
right-sided colon might be challenging and probably requires more experience.
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Clinical indication: palliative colonic stenting
ESGE recommends colonic stenting as the preferred treatment for palliation of
malignant colonic obstruction (strong recommendation, high quality evidence).
Four systematic reviews and/or meta-analyses, including randomised and nonrandomised comparative studies, have compared colonic stenting and surgery for
palliation of malignant colonic obstruction.142-145 The technical success of stent
placement ranged from 88% - 100%, while the initial clinical relief of obstruction was
significantly higher after palliative surgery compared to colonic stenting (96% versus
86.1%, p=0.02).143 Conflicting results have been reported regarding short-term mortality, with lower 30-day mortality for colonic stenting in two meta-analyses144,145 and
no significant differences found in the other studies.142,143 No significant differences in
overall morbidity were found between the stent group and the surgery group,143,145
although two meta-analyses revealed more short-term complications in the palliative
surgery group, while late complications were more frequent in the stent group.144,145
No significant differences in morbidity were found when comparing colonic stenting
and decompressing stoma in the palliative setting.146
Placement of a colonic stent was significantly associated with shorter hospitalization
and a lower intensive care unit admission rate,142,143,145,147 while permitting a shorter
time to initiation of chemotherapy.145,148 Stenting also resulted in shorter hospital stay
when compared to decompressing stoma in the palliative setting (OR 0.50, 95% CI 0.260.97, p=0.04).146 Surgical stoma formation was significantly lower after palliative colonic
stenting compared with emergency surgery.143-145
In an RCT by Young et al.,147 the surgery group had significantly reduced quality of life if
compared with the stent group from baseline to 1 and 2 weeks (p=0.001 and p=0.012,
respectively), and from baseline to 12 months (p=0.01). A post-hoc analysis of the same
RCT revealed lower total costs for stent than for surgery.149
A post-hoc analysis of a prospective multicentre study and several retrospective studies
showed lower technical success48,150 and an increased complication rate151,152 for
colonic stenting in patients with peritoneal metastases. Another series, that focused on
the outcomes of secondary stent insertion after initial stent failure, reported a
significantly decreased stent patency in the setting of peritoneal metastases (118 days
versus 361 days).13
ESGE recommends chemotherapy as a safe treatment in patients who have undergone
palliative colonic stenting (strong recommendation, low quality evidence). ESGE
suggests that anti-angiogenic therapy (e.g. bevacizumab) can be considered in patients
following colonic stenting (weak recommendation, low quality evidence). ESGE does not
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suggest colonic stenting when patients are under anti-angiogenic therapy, such as
bevacizumab (weak recommendation, low quality evidence).
It has been speculated that chemotherapy during colonic stenting might induce stentrelated complications, in particular perforation. In a retrospective study of 38 patients
evaluating the safety and efficacy of chemotherapy following palliative colonic
stenting,153 stenting showed a 30-day complication rate of 2.5%, and the toxicity of antiangiogenic drugs was not enhanced by stent insertion. The risk of perforation was 8%
and occurred from 2 to 15 months after stent insertion. In a retrospective series of 87
patients who received chemotherapy without bevacizumab (n=47), who received
chemotherapy with bevacizumab (n=10) or who received no chemotherapy (n=30),
overall perforation risk was 10%.154 The risk of perforation was 13% for patients who
did not receive chemotherapy, 6% for patients who did receive chemotherapy but no
bevacizumab, and 20% for patients who received chemotherapy and bevacizumab,
suggesting a higher perforation risk for patients who received bevacizumab. In a series
of 353 patients with stage IV colon cancer, Park et al. found a similar perforation rate
in stent patients with (n=96) and without (n=257) bevacizumab of 7.3% and 7.0%
(p=0.925), respectively. Moreover, chemotherapy was not a risk factor for
complications in patients treated with colonic stenting, and chemotherapy significantly
decreased the risk of mortality (HR 0.464, 95% CI 0.315-0.683, p<0.001).151 In a series
of 1008 patients who received bevacizumab for metastatic colorectal cancer, the risk of
complications necessitating surgery was 5.9%. In patients already receiving bevacizumab, stent insertion was a significant risk factor for complications requiring surgery
(HR 5.687, 95% CI 2.372-13.637, p<0.001).155
ESGE suggests consideration of colonic stenting as an alternative to decompressive
surgery as palliative treatment for obstruction caused by extracolonic malignancy,
although technical and clinical success rates are inferior to those reported in stenting of
primary colonic cancer (weak recommendation, low quality evidence).
Relief of large bowel obstruction caused by extracolonic malignancies (ECM) with
colonic stenting has been studied mainly retrospectively. Technical and clinical success
rates of stenting ECM have been reported to range from 67% - 96% and from 20% 96%, respectively,156-161 and are considered inferior to those reported in stenting of
primary colonic cancer, although conflicting results have been published.13,17,21,81,150,162164
In comparison to emergency decompressive surgery, colonic stenting for ECM has
shown significantly fewer complications.158 Peritoneal metastasis as the cause of ECM
has been associated with lower technical and clinical success rates67,150,152 and more
adverse events.67 However, a few studies revealed higher delayed perforation rates in
patients without peritoneal metastases.77,152 In some studies, tumour origin had no
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impact on technical22,53,86 or clinical success,22,86 adverse events,17,22,86 early and delayed
perforation, nor 30-day mortality after stent placement.77,123 Altogether, palliative
stenting of ECM is to be considered in order to avoid decompressing surgery in these
patients because of the high risk of postoperative morbidity and mortality.157,159,160,162
Adverse events related to colonic stenting
In the palliative setting, ESGE recommends endoscopic re-intervention by stent-in-stent
placement for colonic stent obstruction, or stent replacement when migration occurs
(strong recommendation, low quality evidence). In the curative setting, ESGE suggests
early surgery rather than repeat colonic stenting when stent obstruction or migration
occurs in patients being bridged to surgery (weak recommendation, low quality evidence). ESGE recommends that emergency resection should be considered in patients
with stent-related perforation (strong recommendation, low quality evidence).
Colonic stent placement in patients with malignant large bowel obstruction is
associated with potential adverse events. Overall complication rates for colonic
stenting commonly approach 20-30% in case series, with higher rates reported in RCTs,
although the 30-day stent-related mortality is less than 4%.144 The main complications
include perforation, stent failure, migration, and re-obstruction. Delayed complications
occur in up to 20% of patients, most commonly stent malfunction or perforation.17,65,76,103,105,145,165-176 For purely palliative indications, a meta-analysis of 410
patients reported short-term and long-term complication rates of 26.2% and 16.1%,
respectively.142 Other less common complications include pain (range 0% - 7%),
bleeding (range 0% - 6%),13,18,42,101,139,151,171,177 tenesmus (up to 22%, related to rectal
SEMS), fever, incontinence, and fistula.22,76,166,177-179
Stent-related perforation may result from guidewire or catheter malpositioning,
stricture dilation, stent-induced perforation, and proximal colonic distention because
of inadequate colonic decompression or excessive air insufflation.180 Reported rates of
clinically evident early and late perforation range from 0%-12%.17,76,77,83,86,101,105,110,
124,139,143,147,151,168,169,171-173,175,176,181-189
A meta-analysis of 4086 patients reported an
overall perforation rate of 7.4%.70 In patients stented as a bridge to surgery, “silent”
micro-perforations may be identified in up to 14% - 20% of patients and pathologists
should actively search for these in resection specimens.102,103,105,115,168,189-191 Clinically
symptomatic stent-related perforation has been associated with a mortality rate of
50%,17,77,81,151,168,192-195 and there are indications that perforation compromises
oncological outcomes, although most studies were restricted by a low numbers of
events.103,109,112,143,181 Intraprocedural and post-stenting stricture dilation, and longer,
angulated and diverticular strictures have been identified as risk factors for
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perforation.18,21,44,63,67,70,77,81,123,154,170,196 Therefore, steps should be taken to avoid these
situations where possible. Stent-related perforations are usually treated surgically.101,
169,190,197

Median stent patency in the palliative setting ranges from 3 to 12 months (106 days in
a systematic review),87,88,183,198-200 with approximately 50% patent at 12 months.194
Around 80% (range 53%–90%) of patients maintain stent patency until death or end of
follow-up.64,81,86,177,179,201
Migration rates range from 1% - 10% with some evidence that chemotherapy may be
associated with higher rates because of tumour shrinkage.58,61,76,83,86,101,103,104,139,151,165,
169,171-173,175,184,189,192,202-205
Stent occlusion due to over-growth of malignant tissue, faecal
impaction, or tumour in-growth through the mesh occurs in 3% - 29% of cases, with
higher rates reported in studies with longer follow-up and in the case of incomplete
stent expansion.61,83,86,143,171,173,175,184,196,206
Both migration and re-obstruction can be managed by stent replacement or stent-instent techniques. These are reported as first choice in the majority of patients in the
palliative setting, with satisfactory results (clinical success 75% - 86%),74,75 even though
the long-term outcome is rarely reported. In the bridge to surgery setting, most patients
with occluded or migrated stents are treated with earlier surgery, though the option of
re-stenting remains and has not been compared to surgery in this setting.17,21,61,64,83,175,
177,178,196,198,206-208
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ABSTRACT
Background and study aims: Optimal timing of resection after decompression of leftsided obstructive colon cancer is unknown. Revised expert-based guideline
recommendations shifted from a 5-10 day to an approximately 2-week interval
following self-expandable metal stent (SEMS), and recommendations after decompressing stoma (DS) are lacking. Our aim was to evaluate recommended bridging
intervals after SEMS and explore timing of resection after decompressing stoma.
Patients and methods: This nationwide study included patients registered between
2009-2016 in the prospective, mandatory Dutch ColoRectal Audit. Additional data were
collected through patient records in 75 hospitals. Only patients who underwent either
SEMS or DS as bridge to surgery were selected. Technical SEMS failure and unsuccessful
decompression within 48 hours were exclusion criteria.
Results: In total, 510 patients were included (182 SEMS, 328 DS). Median bridging
interval was 23 days (IQR 13-31) for SEMS and 36 days (IQR 22-65) for DS. Following
SEMS, no significant differences in post-resection complications, hospital stay, and
laparoscopic resections were observed with resection after 11-17 days compared to
5-10 days. Of SEMS-related complications, 48% occurred in patients operated beyond
17 days. Compared to resection within 14 days, an interval of 14-28 days following DS
resulted in significantly more laparoscopic resections, more primary anastomoses, and
shorter hospital stay. No impact of bridging interval on mortality, disease-free survival
or overall survival was demonstrated.
Conclusions: Based on an overview of the data with balancing of surgical outcomes and
timing of adverse events, a bridging interval of approximately 2 weeks seems
appropriate after SEMS, while waiting 2-4 weeks after decompressing stoma further
optimises surgical conditions for laparoscopic resection with restoration of bowel
continuity.
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INTRODUCTION
Emergency major general surgery is generally known for high mortality and morbidity
rates.1,2 Segmental colectomy belongs to the seven procedures that collectively contribute to 80% of mortality, morbidity, and costs of general emergency surgery.3 For
patients with left-sided obstructive colon cancer (LSOCC), emergency colectomy might
be avoided by choosing a bridge to elective surgery (BTS) strategy.
Postponing resection of LSOCC can be achieved by either colonic self-expandable metal
stent (SEMS) placement or the construction of a decompressing stoma (DS).4-6 After
initial relief of obstruction, time is created for improvement of the patient’s condition,
for accurate pre-operative staging, and for compiling an experienced surgical team.
Furthermore, the distended bowel proximal to the tumour returns to normal caliber
with optimized surgical conditions to restore bowel continuity.
Optimal timing of resection following a decompressing intervention remains unclear. It
is generally assumed that improvement of the patients’ clinical and intestinal condition
takes a few weeks.7 On the other hand, concerns have been raised regarding the risk of
SEMS-related perforation by prolonging the bridging interval. In their guideline of 2014,
the European Society of Gastrointestinal Endoscopy (ESGE) suggested a time interval of
5 to 10 days from SEMS until elective resection.8 The recent update suggests an interval
of approximately 2 weeks, but still as a weak recommendation being largely based on
expert opinion.9 We are not aware of any relevant literature or guideline recommendations regarding bridging interval following DS.
Analysis of patients with LSOCC treated between 2009 and 2016 in the Netherlands
revealed substantial variability in bridging interval for both SEMS and DS,10 sufficient to
determine whether bridging interval affected outcomes such as resection-related
complications, short-term mortality, and survival.11 Therefore, the aim of the current
study was to evaluate recommended bridging intervals after SEMS and explore bridging
intervals after DS within the Dutch nationwide cohort of LSOCC, with 90-day postresection complications as a primary outcome measure.
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METHODS
Study design and patient selection
A nationwide, population-based study was performed by the Dutch Snapshot Research
Group (DSRG) as described previously.10 Each hospital in the Netherlands (n=77) was
requested to extend baseline and short-term outcome data prospectively collected in
the Dutch ColoRectal Audit (DCRA) with supplementary diagnostic, procedural, and
intermediate-term data by review of individual patient files using a web-based tool that
meets Dutch privacy regulations, followed by a data verification process. This study was
approved by the Institutional Review Board of the Academic Medical Centre in
Amsterdam, the Netherlands. Informed consent was not indicated due to the retrospective design of the study with anonymised data.
For the current study, eligibility criteria included registered patients between 2009 and
2016 with (1) a colonic obstruction causing symptoms including a distended abdomen,
nausea and/or vomiting, with (2) radiological signs of obstruction either on Computed
Tomography (CT) or X-ray, caused by a (3) histologically proven tumour, (4) located in
the distal colon defined as the sigmoid colon, descending colon or splenic flexure, (5)
that was initially treated with either SEMS or DS as BTS, (6) with curative treatment
intent. Exclusion criteria were (1) signs of bowel perforation on CT at baseline, (2)
technically unsuccessful bridging intervention, and (3) clinically unsuccessful bridging
intervention, defined as the absence of symptom relief within 48 hours after the initial
intervention.
Procedural characteristics and outcome measures
Procedural characteristics were the proportions of patients being discharged during the
bridging interval, intentional laparoscopic approach, primary anastomosis, and stoma
in situ directly after tumour resection.
The primary outcome parameter was the proportion of resection-related complications
within 90 days after resection of the primary tumour. SEMS-related complication rate
following technical and clinical successful SEMS placement was added as primary
outcome parameter for the SEMS subgroup. Secondary outcome measures were 90day post-resection mortality rate, hospital stay after resection, 3-year disease-free
survival, and 3-year overall survival.
Statistical analysis
Cumulative incidence curves with bridging interval on the X-axis were made for selected
variables: 90-day post-resection complications, SEMS-related complications, laparo-
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scopic approach, and primary anastomosis. Cumulative incidence curves were made by
determining the number of patients that had already been operated upon, and how
many of those have had an event according to the outcome variable concerned for each
day since the bridging intervention. The number of patients with an event were then
divided by the total number of patients that had been at risk until a specific time
interval, and these proportions were plotted with the time interval in days on the X-axis
and the outcome variable on the Y-axis. The procedural characteristics and outcome
measures of the SEMS and DS group were determined for different bridging intervals.
Bridging intervals that were analysed for the SEMS group were 5-10 days (2014 ESGE
guideline),8 11-17 days (2020 ESGE recommendation of approximately 2 weeks),9 and
>17 days. Bridging intervals for DS were chosen based on clinical relevance in the
absence of existing guideline recommendations that could be validated: <14 days
(early, same admission), 14-28 days (elective, more recovery time), and >28 days
(delayed, possibility of neo-adjuvant treatment).
Continuous variables were tested for normality using the Kolmogorov-Smirnoff test.
Normally distributed continuous variables were reported as means +/- standard
deviation (SD) and hypotheses regarding these variables were tested with the Student’s
t-test in the case of 2 groups or the one-way ANOVA test in the case of > 2 groups. Nonnormally distributed variables were reported as medians (interquartile range, IQR),
where after hypotheses were tested with the Mann-Whitney U test in case of 2 groups
or the Kruskal-Wallis test in the case of > 2 groups. Categorical variables were reported
as percentages and hypotheses were tested with the Chi-square or Fisher’s exact test.
Differences regarding disease-free and overall survival were assessed using the log-rank
test.
A two-sided P-value < 0.05 was considered statistically significant. Correction for
multiple testing was performed when comparing groups of intervals by adhering to a
two-sided P-value < 0.025 being statistically significant. All analyses were performed
using IBM SPSS Statistics, version 26.0 (IBM Corp Amonk, NY, USA).

RESULTS
Baseline characteristics
A total of 75 of 77 hospitals provided supplementary data on the patients who were
originally identified from the DCRA, with 3879 of 4216 (92%) potentially eligible patients
as a result. Supplementary figure 1 shows the number of patients who were excluded
for each reason. A total of 510 patients who underwent a BTS approach remained for
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final analyses, of whom 182 underwent SEMS placement (35.7%) and 328 DS construction (64.3%).
Baseline characteristics for SEMS and DS patients are displayed in Table 1. Median
bridging interval to elective resection was 23 days (IQR 13-31) for SEMS and 36 days
(IQR 22-65) for DS patients. The percentage of patients undergoing resection after
certain bridging intervals is displayed in Figure 1. Long bridging intervals (> 6 weeks)
were mainly observed in the DS group (43.6% of DS patients). Of DS patients with an
interval > 6 weeks, 45 (35.2%) received neoadjuvant therapy (not shown).
During the bridging interval, 11 SEMS (6.7%) and 23 DS patients (7.7%) were
parenterally fed, while 14 SEMS (8.5% and 12 DS patients (4.1%) received enteral tube
feeding. Neoadjuvant therapy during the bridging interval was applied in 3 SEMS (1.6%)
and 52 DS patients (15.9%), mainly consisting of systemic therapy. Median follow-up
was 43.5 months (IQR 17.0-66.0) for the SEMS group and 25.0 months (IQR 14.8-46.3)
for the DS group.
Procedural and Outcome parameters
Cumulative incidence curves revealed peaks with higher rates of 90-day post-resection
complications if resection was performed within 2 weeks from colonic decompression,
especially after DS. These rates stabilised at a lower level from a bridging interval of 15
days onwards (Figure 2A). After exclusion of patients who underwent emergency
resection <48 hours because of SEMS failure, 23 patients developed SEMS-related
complications. Overall, SEMS-related perforations occurred in 12 patients (12/169,
7.1%, missing in 13 patients), including 3 clinically overt perforations, 8 SEMS
perforations that were intraoperatively identified during resection, and 1 perforation
was found at histopathology. Visual evaluation of the graphical data regarding SEMSrelated complications showed a peak for a bridging interval of about 1 week with
stabilisation at a lower level for bridging intervals of more than 4 weeks (Figure 2B).
Median time from SEMS placement until SEMS-related complication was 7.0 days (IQR
5.0-20.0). Cumulative incidence curves of laparoscopic approach revealed an increase
with increasing bridging interval up to 5 weeks after DS and stabilisation thereafter,
while this influence of bridging interval was less clear after SEMS (Figure 2C). Similarly,
primary anastomoses were increasingly performed with longer bridging intervals, with
stabilisation from 3 to 4 weeks onwards, which was more pronounced after DS (Figure
2D).
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Table 1. Baseline characteristics, procedural indicators, and treatment outcomes.
SEMS as BTS
n = 182 (%)

DS as BTS
n = 328 (%)

Male sex

107/182 (58.8)

193/328 (58.8)

Median age in years (IQR)

72.0 (63.8-81.0)

68.0 (59.0-76.8)

25.7 (4.5)

25.3 (4.2)

40/178 (22.5)
98/178 (55.1)
37/178 (20.8)
3/178 (1.7)

44/328 (13.4)
212/328 (64.6)
67/328 (20.4)
5/328 (1.5)

Comorbidity
Previous abdominal surgery

128/180 (71.1)
39/179 (21.8)

232/328 (70.7)
123/328 (37.5)

Tumour localization

Splenic flexure

Descending colon

Sigmoid
Median interval from initial therapy to resection (IQR)

11/182 (6.0)
42/182 (23.1)
129/182 (70.9)
23.0 (13.0-31.0)

52/328 (15.9)
54/328 (16.5)
222/328 (67.7)
36.0 (22.0-64.5)

Parenteral feeding during bridging interval

11/163 (6.7)

23/300 (7.7)

Enteral tube feeding during bridging interval

14/165 (8.5)

12/296 (4.1)

Neoadjuvant therapy during bridging interval

Systematic therapy

Radiation therapy
Discharge from hospital during bridging interval

3/182 (1.6)
1/176 (0.6)
2/176 (1.1)
134/172 (77.9)

52/328 (15.9)
49/317 (15.5)
20/318 (6.3)
278/312 (89.1)

Type of resection

Sigmoid resection

Left hemicolectomy

Subtotal colectomy

Extended left hemicolectomy
Transverse colectomy

Laparoscopic resection

113/182 (62.1)
64/182 (35.2)
3/182 (1.6)
1/182 (0.5)
1/182 (0.5)
91/179 (50.8)

201/328 (61.3)
99/328 (30.2)
19/328 (5.8)
7/328 (2.1)
2/328 (0.6)
161/327 (49.2)

Converted laparoscopic resection

19/64 (29.7)

27/157 (17.2)

Primary anastomosis

152/181 (84.0)

280/327 (85.6)

Stoma directly after resection

37/175 (21.1)

214/326 (65.6)

Resection-related complications < 90 days

Anastomotic leakage

Intra-abdominal abscess

Fascial dehiscence

Wound infection

Ileus

Gastroparesis

Bleeding

Abdominal wall abscess

51/178 (28.7)
16/152 (10.5)
10/82 (5.5)
11/177 (6.2)
13/176 (7.4)
7/176 (4.0)
7/176 (4.0)
2/176 (1.1)
3/176 (1.7)

81/323 (25.1)
15/280 (5.4)
11/326 (3.4)
5/311 (1.6)
33/315 (10.5)
10/313 (3.2)
6/312 (1.9)
3/313 (1.0)
2/311 (0.6)

Mean BMI in
ASA score

ASA 1

ASA 2

ASA 3

ASA 4

kg/m2 (SD)
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Table 1. Continued.

Median post-resection hospital stay in days (IQR)

SEMS as BTS
n = 182 (%)
7.0 (5.0-12.0)

DS as BTS
n = 328 (%)
7.0 (5.0-10.0)

90-day mortality

10/182 (5.5)

8/328 (2.4)

3-year disease free survival
Cumulative events at 36 months
Patients at risk at 36 months
3-year overall survival
Cumulative events at 36 months
Patients at risk at 36 months

63.0
58
87
73.0
42
98

61.3
95
96
76.2
53
110

ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = interquartile range; SD = standard
deviation; DS = decompressing stoma; SEMS = self-expandable metal stent; BTS = bridge to surgery

Figure 1. Percentage of patients per bridging interval.

Figure 2A. Cumulative percentage of patients who had a resection-related
complication with increasing bridging interval.

136

Time interval between SEMS or decompressing stoma and elective resection

5

Figure 2B. Cumulative percentage of patients who had a SEMS-related complication
with increasing bridging interval.

Figure 2C. Cumulative percentage of patients who had a laparoscopically performed
resection with increasing bridging interval.

Figure 2D. Cumulative percentage of patients who had a primary anastomosis with
increasing bridging interval.
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Comparisons of bridging intervals
The different procedural and outcome parameters of the SEMS and DS groups are
displayed in Table 2 for the different pre-specified bridging intervals depending on the
type of decompressing intervention. These outcome parameters were also calculated
for one week increments of the bridging interval until 34 days and a remaining group
who underwent resection after >34 days, thereby providing detailed data that enable
other explorative analyses or pooling of data (Supplementary table 1).
SEMS group
Ninety-day post-resection complication rate was lower for a bridging interval of 11-17
days compared to 5-10 days, not reaching statistical significance (25.0% versus 41.7%,
p=0.174), (Table 2). Post-resection complication rate did not significantly differ
between the cut-off values of 11-17 and >17 days. A trend towards shorter postresection hospital stay was observed for 11-17 days versus 5-10 days bridging interval
(6 versus 8 days, p=0.121). Five of 12 SEMS-related perforations and 6 of 8 SEMS
obstructions were observed in patients being operated beyond 17 days. Of all 23
patients with SEMS-related complications, 11 (48%) underwent resection with intervals
> 17 days. The proportion of laparoscopic surgery increased with longer bridging
intervals (29.2% for 5-10 days; 48.6% for 11-17 days; 56.4% for > 17 days), not reaching
statistical significance. Fewer patients had a stoma in situ directly after resection
following a bridging interval of 11-17 days compared to 5-10 days (16.7% versus 39.1%,
p=0.053). No significant differences were observed for 90-day mortality, 3-year diseasefree survival, or 3-year overall survival.
DS group
No significant differences in post-resection complication rates were observed for any
of the cut-off values (Table 2). Resections were more often performed laparoscopically
when waiting 14-28 days compared to <14 days (63.0% versus 28.6%, p=0.001).
Laparoscopy rate decreased to 45.7% in patients who underwent resection beyond 28
days (p=0.006). Resection 14-28 days after initial DS resulted in significantly more
primary anastomoses (92.3% versus 75.0%, p=0.013). Post-resection hospital stay was
shorter if resection was performed in the period of 14-28 days after decompression if
compared to resection within 14 days (7 versus 10 days, p=0.028), although not
statistically significant (p>0.025) after correction for multiple testing. No significant
differences were observed for 90-day mortality, 3-year disease-free survival, or 3-year
overall survival.
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6/22 (27.3)
7/24 (29.2)
2/4 (50.0)c
19/24 (79.2)
9/23 (39.1)

10/24 (41.7)
7/21 (33.3)
1
2
1
2
1
0
1
8.0 (5.0-15.3)
8/23 (34.8)
1/24 (4.2)
49.7
63.2

Outcome variables
Resection-related complications < 90 days (%)
SEMS-related complicationa (%)

Clinically overt perforation

Perforation identified during resection

Perforation identified by pathologist

Migration

Obstruction

Rectal bleeding

Rectal/abdominal pain
Median post-resection hospital stay in days (IQR)
Adjuvant chemotherapy (%)
90-day mortality (%)
3-year disease free survival (%)b
3-year overall survival (%)b

5-10 days
n = 24

Procedural characteristics
Discharge from hospital during BTS interval (%)
Laparoscopic resection (%)

Conversion of laparoscopic resection (%)
Primary anastomosis (%)
Stoma in situ directly after resection (%)

Self-expandable metal stent (SEMS)

9/36 (25.0)
5/35 (14.3)
1
2
0
1
1
0
0
6.0 (4.0-8.0)
19/38 (50.0)
1/38 (2.6)
78.1
80.7

31/37 (83.8)
18/37 (48.6)
5/11 (45.5)d
32/38 (84.2)
6/36 (16.7)

11-17 days
n = 38

31/111 (27.9)
11/105 (10.5)
1
4
0
1
6
1
2
7.0 (5.0-12.0)
39/112 (34.8)
8/112 (7.1)
62.0
72.8

97/105 (92.4)
62/110 (56.4)
11/46 (23.9)e
96/112 (85.7)
19/109 (17.4)

0.195
0.415
0.260
0.821
0.916

0.732
0.547

0.253
0.097
0.450
0.193
0.274

<0.001
0.131
1.000
0.736
0.053

0.174
0.108

0.121
0.246
1.000
0.141
0.268

0.333
0.024

0.246
0.235
0.550
0.311
0.480

<0.001
0.052
0.205
0.715
0.066

P-value
11-17 vs
>17 days

P-value
5-10 vs 1117 days

Bridging interval
>17 days
P-value
n = 112
Overall

0.301
0.997
1.000
0.597
0.751

0.184
0.013

<0.001
0.016
0.275
0.532
0.046

P-value
5-10 vs
>17 days

Table 2. Procedural characteristics and treatment outcomes for SEMS and decompressing stoma as bridge to elective surgery, stratified for
different bridging intervals.
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8/27 (29.6)
10.0 (6.0-18.8)
11/28 (39.3)
2/28 (7.1)
67.1
71.0

Outcome variables
Resection-related complications < 90 days
Median post-resection hospital stay in days (IQR)
Adjuvant chemotherapy (%)
90-day mortality (%)
3-year disease free survival (%)b
3-year overall survival (%)b
20/90 (22.2)
7.0 (4.8-9.3)
42/89 (47.2)
2/92 (2.2)
64.0
80.3

77/90 (85.6)
58/92 (63.0)
12/58 (20.7)
84/91 (92.3)
64/92 (69.6)

14-28 days
n = 92

48/186 (25.8)
7.0 (5.0-10.0)
69/185 (37.3)
4/187 (2.1)
59.6
75.4

178/181 (98.3)
85/186 (45.7)
13/82 (15.9)
158/187 (84.5)
119/186 (64.0)

>28 days
n = 187

0.690
0.074
0.292
0.259
0.867
0.676

<0.001
0.002
0.807
0.047
0.581

P-value
Overall

0.429
0.028
0.464
0.232
0.656
0.569

<0.001
0.001
1.000
0.013
0.936

P-value
< 14 vs
14-28 days

0.517
0.372
0.118
1.000
0.597
0.386

<0.001
0.006
0.462
0.069
0.355

P-value
14-28 vs
>28 days

0.673
0.055
0.840
0.176
0.907
0.915

<0.001
0.088
1.000
0.274
0.516

P-value
<14 vs
>28 days

BTS = bridge to surgery; IQR = interquartile range; a More than one complication per patient could be registered; b Log-rank test; c Data missing in 3 patients; d Data missing in
7 patients; e Data missing in 16 patients

10/27 (37.0)
8/28 (28.6)
1/7 (14.3)
21/28 (75.0)
19/27 (70.4)

<14 days
n = 28

Procedural characteristics
Discharge from hospital during BTS interval (%)
Laparoscopic resection (%)
•
Conversion of laparoscopic resection (%)
Primary anastomosis (%)
Stoma in situ directly after resection (%)

Decompressing stoma

Table 2. Continued.
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DISCUSSION
This large population-based cohort study evaluated ESGE guideline recommendations
regarding bridging interval following colonic stenting and explored clinically relevant
bridging intervals after DS. Following SEMS, fewer post-resection complications, shorter
post-resection hospital stay, and more laparoscopic resections were observed with
tumour resection performed 11-17 days after initial decompression compared to
resection after 5-10 days, although not reaching statistical significance. Almost half of
the SEMS-related complications, including 5 perforations and 6 obstructions, occurred
in patients who underwent resection beyond 17 days. Bridging intervals following DS
were generally longer than after SEMS (median 36 versus 23 days), and 15% of DS
patients underwent neoadjuvant treatment for locally advanced colon cancer with
delayed resection. If compared to resection within 14 days, a bridging interval of 14-28
days following DS resulted in significantly more laparoscopic resections, more primary
anastomoses, and shorter post-resection hospital stay. No impact of bridging intervals
on postoperative mortality, disease-free survival or overall survival could be demonstrated.
Literature on the bridging interval following SEMS or DS is scarce. A single institutional
series by Matsuda et al.12 analysed 47 patients with SEMS followed by resection (2
patients with stent migration excluded). Eight patients developed post-resection
complications with a Clavien-Dindo score ≥ 2.13 Seven of 19 patients (37%) developed
postoperative complications if resection was performed ≤ 15 days, and 1 of 28 patients
(4%) with surgery beyond 15 days (OR 13.0; 95% CI 1.01-167.0). These findings are in
line with the present study, although the effect size and significance level are
fundamentally different. In a comparative analysis of 43 patients who underwent SEMS
followed by elective resection, Lee et al. found a significant association between
bridging interval and anastomotic leakage: 3/15 patients with an interval of 1-9 days
and 0/28 patients with an interval ≥ 10 days.14 In the Stent-in II trial, a leak rate of 5/21
patients (24%) was observed with a recommended bridging interval in the study
protocol between 5 and 14 days, and the authors speculated that longer waiting could
have improved results.15 The only contradictory finding in literature is by Ho et al.,
reporting on only 14 patients who had successful SEMS placement with median 10 days
until elective resection.16 Without any supporting data, they state that an interval
between 9-14 days might be optimal with a higher risk of dense fibrotic adhesions at
the level of the stent after 14 days waiting, which might complicate surgery.
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One study specifically analysed the association between bridging interval and oncological outcome.17 Twenty of 112 patients (18%) had stent-related complications
requiring emergency surgery, consisting of perforation and migration in 10 patients
each. The overall recurrence rate was 37%. Using the median bridging interval of 18
days as a cut-off, a longer bridging interval was significantly associated with overall
tumour recurrence, with an OR of 2.6 (95% CI 1.1-6.5) for the intention-to-treat
population and an OR of 5.1 (95% CI 1.6-15.8) after correction for age, gender, T-stage,
and adjuvant chemotherapy. This is in contrast to the present study, in which no
differences in disease-free survival were observed among the different bridging interval
groups.
Regarding the DS group, similar analyses are lacking in current literature. Jiang et al.
reported on 90 patients with DS as BTS, with a mean interval of 16 days (range 3-73
days).18 In the randomised trial by Kronborg et al.19, the study protocol described a 2week bridging interval between decompressing stoma and subsequent resection, but
they did not provide data on bridging intervals. A recent single centre cohort study
described a median 25 days (IQR 17 – 47) between colostomy and resection among 85
patients.4 Oistamo et al.20 described the longest bridging interval of mean 37 days in a
group of 20 patients. None of these studies on DS as BTS included any analysis regarding
the association between bridging interval and outcome.
Physicians likely had specific reasons for a certain bridging interval based on patient’s
condition, age, tumour stage, and logistical aspects, resulting in allocation bias. Only a
randomised controlled trial (RCT) would solve this methodological issue. In patients
with LSOCC, RCTs are apparently difficult to conduct as illustrated by published
literature so far. Clear preferences of doctors and patients regarding type of bridging
technique and certain bridging intervals likely result in limited protocol adherence. RCTs
in this setting are often characterised by slow accrual and restricted external validity as
a result of strict and narrow inclusion criteria.
The findings of this study together with the scarcity of available evidence from literature
suggest that a two-week gap to definitive surgery is recommended in order for patients
to benefit from a decompressing intervention, and a prolonged waiting period seems
not to be associated with higher oncological risks. Improvements in patient’s general
and surgical condition need some time, as illustrated by Figure 2. This is reflected by
the continuing increase in proportion of primary anastomoses up to a 4 weeks bridging
interval, especially after DS. The main limitation for longer waiting is related to SEMSrelated complications. Among the SEMS-related complications, perforation is actually
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the most severe one that should guide clinical decision-making. Stent obstruction might
be endoscopically managed,12 and stent migration might prohibit further waiting, but
without worsening oncological outcome.
After successful SEMS placement, a 2-week interval probably results in the optimal
balance between better surgical conditions on the one hand and prevention of SEMSrelated complications on the other hand. By following an approximately 2-week
interval, which is according to the most recent update of the ESGE guideline,9 5 SEMSrelated perforations may have been prevented, besides prevention of other
complications such as obstruction. Furthermore, the largest gain in minimally invasive
approach and bowel continuity has likely been reached at that time. After DS, there is
less urgency to perform the resection, and an interval of 2-4 weeks appeared to be
associated with clinical benefits in terms of laparoscopic approach, bowel continuity,
and hospital stay. Thriving for more laparoscopic resections is worthwhile, not only
because of enhanced recovery, but also because of long-term advantages such as fewer
incisional hernias and adhesion-related small bowel obstruction compared to open
resections.21-23 Of course, neoadjuvant therapy would dictate the length of the bridging
interval in appropriate patients, and such patients with locally advanced disease are
less likely to undergo laparoscopy.
Limitations of the current study include its retrospective study design with inherent
methodological shortcomings. Arguments for choosing a specific bridging interval were
unknown. Allocation bias might have affected the results observed in the current study.
Furthermore, the DCRA only includes patients who underwent tumour resection.
Patients who died during the bridging interval were therefore not included in the
current study, which might have caused too optimistic results. As few4 to no deaths24
during the bridging interval have been reported so far for DS and SEMS in the curative
setting, we do not expect a large influence on our results. Additionally, we excluded
patients who did not achieve clinical success within 48 hours after bridging, a timeframe
that was chosen arbitrarily. As a result, the group of patients with an interval < 1 week
might still include patients with unsuccessful colonic decompression. Regarding testing
for statistical significance, one should keep in mind the potential type 1 and 2 errors,
which underlines the need for careful interpretation. Finally, despite some data on
parenteral or enteral tube feeding was available, little was known on prehabilitation
measures and improvement of the patients’ clinical condition during the bridging
interval, such as gain in body weight.
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In conclusion, this large national cohort of patients with left-sided obstructive colon
cancer shows that surgical conditions improved with intervals until elective resection
of up to 4 weeks after SEMS or stoma, as reflected by increasing rates of laparoscopic
resections and primary anastomoses. An optimised balance between SEMS-related
complications and recovery of the patient with optimised surgical conditions is probably
achieved by scheduling the resection after approximately 2 weeks following successful
SEMS placement. After DS, a bridging interval of 2-4 weeks is suggested.
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Patients identified from the Dutch
Colorectal Audit 2009-2016
N = 4216

Registered patients in collaborative
research project
N = 3879

Total number of patients with left-sided
obstructing colon cancer
N = 3153

5

Excluded (N = 726)
- No acute obstruction: N=670
- No resection: N=23
- Benign obstruction: N=17
- Palliative stent N=5
- Unknown patient: N=2
- Rectal cancer: N=4
- Date of surgery <2009: N=4
- Duplicate record: N=1
Excluded (N = 2579)

Patients undergoing SEMS or DS as BTS
for acute left-sided obstructive colon
cancer
N = 574

Patients undergoing succesful SEMS or
DS as BTS for acute left-sided obstructive
colon cancer
N = 510

SEMS as BTS
N = 182

- Palliative intention: N=465
- Free air on CT: N=101
- Emergency resection N=2013

Excluded (N = 64)
- Technical failure: N=31
- SEMS: N=31
- DS: N=0
- Clinical failure: N=33
- SEMS: N=16
- DS: N=17

DS as BTS
N = 328

Supplementary figure 1. Patient selection.
CT = Computed Tomography; SEMS = self-expandable metal stent; DS = decompressing stoma;
BTS = bridge to surgery
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17/33 (51.5)
16/36 (44.4)
4/9 (44.4)
29/36 (80.6)
11/35 (31.4)

2/12 (16.7)
3/12 (25.0)
1/2 (50.0)
9/11 (81.8)
4/11 (36.4)

2/11 (18.2)
3/12 (25.0)
1
0
0
1
1
0
1
7.0 (6.0-9.0)
6/12 (50.0)
0/12 (0.0)
63.6
72.7

Outcome variables
Resection-related complications < 90 days (%)
SEMS-related complicationa (%)

Clinically overt perforation

Perforation identified during resection

Perforation identified by pathologist

Migration

Obstruction

Rectal bleeding
Rectal/abdominal pain

Median post-resection hospital stay in days (IQR)
Adjuvant chemotherapy (%)
90-day mortality (%)
3-year disease free survival (%)b
3-year overall survival (%)b
14/36 (38.9)
7/32 (21.9)
0
4
1
2
0
0
0
7.0 (4.0-13.0)
14/35 (40.0)
2/36 (5.6)
58.2
68.3

7-13 days

< 7 days

Self-expandable metal stent (SEMS)
Procedural characteristics
Discharge from hospital during BTS interval (%)
Laparoscopic resection (%)

Conversion of laparoscopic resection (%)
Primary anastomosis (%)
Stoma in situ directly after resection (%)

10/37 (27.0)
6/37 (16.2)
1
1
0
1
3
0
0
6.0 (5.0-10.0)
13/39 (33.3)
3/39 (7.7)
65.3
76.1

34/39 (87.2)
16/37 (43.2)
6/12 (50.0)
33/39 (84.6)
6/36 (16.7)

18/65 (27.7)
4/62 (6.5)
1
2
0
1
2
0
1
7.0 (5.0-13.8)
24/65 (36.9)
3/65 (4.6)
63.7
71.3

60/63 (95.2)
37/64 (57.8)
6/27 (22.2)
54/65 (83.1)
12/65 (18.5)

Bridging interval
14-20 days
21-34 days

7/28 (25.0)
4/25 (16.0)
0
1
0
0
2
1
1
6.0 (5.0-8.5)
11/29 (37.9)
2/29 (6.9)
65.1
78.3

21/24 (87.5)
18/29 (62.1)
2/13 (15.4)
26/29 (89.7)
4/28 (14.3)

> 34 days

Supplementary table 1. Procedural characteristics and treatment outcomes for SEMS and decompressing stoma as bridge to elective
surgery, stratified for alternative bridging intervals.
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9/23 (39.1)
8/24 (33.3)
1/7 (14.3)
20/24 (83.3)
16/24 (66.7)

1/4 (25.0)
0/4 (0.0)
NA
1/4 (25.0)
3/3 (100)

2/4 (50.0)
24.5 (19.3-55.3)
2/4 (50.0)
0/4 (0.0)
66.7
100

Outcome variables
Resection-related complications < 90 days (%)
Median post-resection hospital stay in days (IQR)
Adjuvant chemotherapy (%)
90-day mortality (%)
3-year disease free survival (%)b
3-year overall survival (%)b
10/39 (25.6)
6.5 (5.0-9.8)
17/38 (44.7)
1/41 (2.4)
55.4
74.5

31/39 (79.5)
26/41 (63.4)
6/26 (23.1)
36/40 (90.0)
29/41 (70.7)

151/153 (98.7)
72/158 (45.6)
12/69 (17.4)
133/159 (83.6)
99/158 (62.7)

42/158 (26.6)
7.0 (5.0-10.8)
57/157 (36.3)
4/159 (2.5)
57.1
74.5

16/79 (20.3)
7.0 (4.5-9.5)
37/79 (46.8)
1/79 (1.3)
72.6
83.3

> 34 days

73/79 (92.4)
45/79 (57.0)
7/45 (15.6)
73/79 (92.4)
55/79 (69.6)

Bridging interval
14-20 days
21-34 days

IQR = interquartile range; NA = not applicable; a More than one complication per patient could be registered; b Log-rank test

6/23 (26.1)
7.0 (6.0-13.0)
9/24 (37.5)
2/24 (8.3)
67.3
65.8

7-13 days

< 7 days

Decompressing stoma
Procedural characteristics
Discharge from hospital during BTS interval (%)
Laparoscopic resection (%)

Conversion of laparoscopic resection (%)
Primary anastomosis (%)
Stoma in situ directly after resection (%)

Supplementary table 1. Continued.
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ABSTRACT
Background: Outcomes after BTS and ER for LSOCC have rarely been analysed for
specific risk groups, while heterogeneity of treatment effects might exist. The aim of
this study was to perform a risk-stratified comparison of bridge to surgery (BTS) by
either stent or decompressing stoma with emergency resection (ER) for left-sided
obstructive colon cancer (LSOCC).
Methods: Patients with LSOCC were selected from the Dutch ColoRectal Audit (20092016), and this dataset was retrospectively expanded. Eight risk groups were defined
based on three main factors influencing treatment choice: (non-)locally advanced
disease, age (< or ≥ 70 years), and American Society of Anesthesiology score (ASA I-II or
III-IV).
Results: In total, 2544 patients from 75 hospitals were included. Absolute differences
in 90-day mortality ranged between -0.6 and -6.2% for BTS if compared to ER.
Corresponding absolute differences between -1.8 and +13.3% were found for 3-year
disease-free survival, between -2.6 and +22.1% for 3-year overall survival, and between
+1.9 and -42.7% for permanent stoma. Benefits of BTS reached statistical significance
in four risk groups regarding permanent stoma: patients with non-locally advanced
disease, ASA score 1-2, both age categories, as well as patients with locally advanced
disease, ≥ 70 years, both ASA categories.
Conclusion: Within this population-based LSOCC cohort, substantial heterogeneity in
treatment effects of BTS was observed among stratified risk groups based on age, ASA,
and tumour stage. In a priori high-risk patients, BTS showed lower permanent stoma
rates. Efforts should be made to combine internationally available databases to
increase validity of the findings.
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INTRODUCTION
In patients with left-sided obstructive colon cancer (LSOCC), emergency tumour
resection (ER) may result in high mortality and morbidity rates.1 Especially in elderly
and frail patients, ER has shown worse outcomes.1 In order to reduce these high
mortality and morbidity rates, two bridge to elective surgery (BTS) approaches have
been introduced, i.e. placement of a self-expandable metal stent (SEMS) or
construction of a decompressing stoma (DS).
Colonic SEMS placement has been compared to ER in multiple studies, and recent metaanalyses revealed lower overall morbidity,2-4 fewer stomas,4-6 and more primary
anastomoses,4,6 with similar disease-free and overall survival2,7 compared to ER.
However, most of these studies did not perform subgroup analyses on specific risk
groups, such as elderly and frail patients who are expected to benefit most from BTS.1
However, there is no solid evidence to prove this hypothesis.8 Nevertheless, the
European Society of Gastrointestinal Endoscopy (ESGE) guideline of 2014 suggests to
consider SEMS as BTS in patients with a high operative risk (≥ 70 years and/or ASA score
of ≥ 3).8
A recent Dutch population study revealed an increase in the use of DS as BTS from 5.2%
in 2009 to 22.7% in 2016.9 DS resulted in more primary anastomoses and fewer
permanent stomas compared to ER in a meta-analysis, without significant impact on
30-day morbidity and mortality.10 As with SEMS, most studies on DS versus ER did not
perform subgroup analyses on specific risk groups. Besides operative risk, choice of
treatment might also be affected by tumour stage. For example, fit patients with large,
bulky tumours may be preferably treated with a DS rather than ER, which allows for
neoadjuvant therapy and elective (multivisceral) resection by an expert surgical team.
In general, treatment outcomes can substantially differ among clearly defined subgroups of patients, with even opposite effects.11 We questioned whether three main
discriminative factors that are readily available if a patient presents with acute LSOCC
should influence our decision-making based on heterogeneity in treatment effects. CT
imaging is a standard diagnostic modality in this setting, which largely determines
intention of treatment (curative versus palliative) and can roughly divide the curative
group in locally advanced disease (LA), and non-locally advanced disease (NLA).
Together with age and American Society of Anesthesiology (ASA) score, these three
factors should probably determine clinical decision-making.
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Therefore, the aim of the current population-based study was to explore heterogeneity
of treatment effect in LSOCC, by comparing both BTS techniques with ER in clearly
distinct patient groups based on operative risk and tumour stage that receive
intentionally curative treatment.

METHODS
Patients were identified from the Dutch Colorectal Audit (DCRA), a mandatory national
registry of all patients who undergo resection of primary colorectal cancer.12 Using the
DCRA dataset (from January 2009 to December 2016) with baseline characteristics and
30-day outcomes as a starting point, all hospitals in the Netherlands (N=77) were
invited to participate in a collaborative research project on LSOCC. This project
comprised extension of the DCRA dataset with additional diagnostic, therapeutic, and
outcome data, which were gathered from individual patient files from August to
December 2017, and supervised by the Dutch Snapshot Research Group (DSRG). The
data was examined for missing values and inconsistencies, with subsequent feedback
and correction by the collaborators.13
Population
Patients were included in the case of a symptomatic colonic obstruction with abdominal
distention, nausea and/or vomiting, and dilated bowel on either abdominal X-ray or
computed tomography (CT) scan. The obstruction had to be caused by a tumour in the
left-sided colon (splenic flexure, descending colon, or sigmoid). The tumour had to be
histologically proven malignant. Exclusion criteria were palliative treatment intent as
determined by the local multidisciplinary team, and any sign of pre-operative bowel
perforation.
Endpoints and definitions
Main outcomes included 90-day mortality (within 90 days after resection), 3-year
disease-free survival, 3-year overall survival, and permanent stoma (in patients with at
least 12 months follow-up). Locally advanced disease was defined as either cT4 stage,
and/or need for multivisceral resection, and/or receiving neoadjuvant therapy. Overall
survival was defined as time between first presentation and death or last follow-up.
Disease-free survival was defined as time between first presentation and either locoregional recurrence, distant metastases, death, or last follow-up.

156

Exploring heterogeneity of treatment effects

Statistical Analysis
Categorical variables were reported as counts with percentages and compared using
the X2-test or Fisher’s exact test. Continuous variables that were normally distributed
were reported as means with standard deviations (SD) and compared with Student’s ttest. Non-normally distributed continuous variables were reported using medians with
interquartile ranges (IQR) and compared with the Mann-Whitney U test.
Subgroups were categorised based on tumour stage (LA or NLA), age (< 70 or ≥ 70 years)
and ASA score (ASA I-II or ASA III-IV). This resulted in eight risk groups as shown in Table
1. SEMS and DS were analysed together as BTS since the aim of both approaches is
similar (optimising the patient’s condition before an elective resection). BTS was
compared to ER within each of the eight subgroups.
For categorical variables, relative risks were calculated along with 95% confidence intervals (CI). For overall and disease-free survival, Cox regression analyses were performed
and hazard ratios (HR) with 95% CI were calculated. Statistical significance was
considered in the case of a two-sided P-value of <0.05. Analyses were performed on
intention-to-treat basis. IBM SPSS statistics, version 25.0 (IBM Corp Amonk, NY, USA)
and R software version R3.3.2 (Matching and Frailtypack packages, R Foundation for
Statistical Computing, Vienna, Austria) were used for the analyses.
This study was approved by the Institutional Review Board of the Academic Medical
Centre in Amsterdam, the Netherlands. Due to the retrospective design with
anonymised data, an exemption for individual informed consent was provided.

RESULTS
Seventy-five of 77 invited hospitals participated, resulting in 3879 patients available for
analysis (Figure 1). Categorisation of the group remaining after exclusion for reasons
such as palliative intent (N=465) led to 1711 patients with NLA (67.3%) and 833 patients
with LA disease (32.7%). Of patients with NLA disease (N=1711), 1372 were treated with
ER (80.2%) and 339 with BTS (19.8%, 165 SEMS, 174 DS). Of the patients with LA disease
(N=833), 604 were treated with ER (72.5%) and 229 with BTS (27.5%, 61 SEMS, 168 DS).
Subgroups of patient are displayed in Table 1 with corresponding pTN stages and
proportions adjuvant chemotherapy. Postoperative pathological staging was
comparable in 5 of 8 subgroups. Less favourable pTN stage was observed in those who
underwent ER within the subgroup of patients with LA disease, < 70 years, ASA 1-2, and
the subgroup of NLA disease, < 70 years, ASA 3-4. A different pN1/pN2 ratio was found
among node-positive tumours in patients with NLA disease, ≥ 70 years, ASA 1-2.
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Patients identified from the Dutch
Colorectal Audit 2009-2016
N = 4216

Registered patients in collaborative
research project
N = 3879

Total number of patients with left-sided
obstructing colon cancer
N = 3153

Excluded (N = 726)
- No acute obstruction: N = 670
- No resection: N = 23
- Benign obstruction: N = 17
- Palliative stent N = 5
- Unknown patient: N = 2
- Rectal cancer: N = 4
- Date of surgery <2009: N = 4
- Duplicate record: N = 1
Excluded from analysis (N = 566)
- Palliative intention: N = 465
- Free air on CT : N = 101

Final inclusion
N = 2587

Non-locally advanced tumours
N = 1711

- Emergency resection: N = 1372
- Bridge to surgery: N = 339
- Stent: N = 165
- Stoma: N = 174

Locally advanced tumours
N = 833

Unknown
N = 43

- Emergency resection: N = 604
- Bridge to surgery: N = 229
- Stent: N = 61
- Stoma: N = 168

Figure 1. Flowchart of patient selection.

Ninety-day mortality
A tendency towards higher 90-day mortality was observed with increasing age and
increasing ASA score (Figure 2). BTS resulted in lower 90-day mortality in all eight risk
groups compared to ER, with an absolute difference ranging from -0.6% to -6.2%. None
of these differences were statistically significant. Ninety-day mortality rates of up to
18.8% (28/153) were observed in the ER group and up to 14.6% (6/41) in the BTS group.
Because LA disease did not seem to influence 90-day mortality, risk stratification solely
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based on age and ASA score was performed. This revealed non-significant absolute
differences between -0.6% and -5.8% in favour of BTS (Supplementary figure 1).

6

Figure 2. Mortality within 90 days after resection in different subgroups of patients.
NLA = non-locally advanced; LA = locally advanced; ASA = American Society of Anesthesiologists;
ER = emergency resection; BTS = bridge to surgery; RR = relative risk

Disease-free survival
Overall, tendencies towards worse disease-free survival were found with higher age,
higher ASA score, and LA disease, independent of treatment approach (Figure 3). The
absolute differences in 3-year disease-free survival ranged between -1.8% to +13.3% if
comparing BTS with ER. None of these differences reached statistical significance.
Overall survival
When combining all treatments, higher 3-year overall survival rates were observed
when comparing patients < 70 with those ≥ 70 years (81.8% vs 59.1% P<0.001), ASA
score of 1-2 versus 3-4 (76.4% vs 54.6%, P<0.001), and NLA versus LA disease (72.0% vs
62.8%; P<0.001) (not shown). If comparing BTS with ER (Figure 4), absolute differences
in 3-year overall survival probabilities varied between -2.6% and +22.1%. None of these
differences were statistically significant.
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195 (41.4)
183 (38.9)
93 (19.7)

pN stage
pN0
pN1
pN2

55 (40.7)
57 (42.2)
23 (17.0)

0 (0.0)
8 (5.9)
128 (94.1)

BTS
n = 136 (%)

0.700

0.802

P

63 (48.1)
45 (34.4)
23 (17.6)

2 (1.5)
3 (2.3)
126 (96.2)

ER
n = 131 (%)

17 (81.0)
3 (14.3)
1 (4.8)

0 (0.0)
1 (4.8)
20 (95.2)

BTS
n = 21 (%)

< 70, ASA 3-4

0.024

0.604

P

232 (54.7)
147 (34.7)
45 (10.6)

0 (0.0)
22 (5.2)
403 (94.8)

ER
n = 425 (%)

66 (53.7)
32 (26.0)
25 (20.3)

0 (0.0)
9 (7.3)
114 (92.7)

BTS
n = 123 (%)

≥ 70, ASA 1-2

0.010

0.365

P

Adjuvant 312 (66.2)
80 (59.3)
0.135 59 (46.8)
3 (14.3)
0.005 93 (22.2)
31 (25.6)
0.430
chemo
NLA = non-locally advanced; ASA = American Society of Anesthesiologists; ER = emergency resection; BTS = bridge to surgery

2 (0.4)
24 (5.1)
447 (94.5)

ER
n = 474 (%)

pT stage
pT1
pT2
pT3

NLA

< 70, ASA 1-2

51 (15.8)

191 (58.8)
93 (28.6)
41 (12.6)

2 (0.6)
15 (4.6)
312 (94.8)

ER
n = 329 (%)

3 (5.7)

29 (54.7)
16 (30.2)
8 (15.1)

0 (0.0)
4 (7.5)
49 (92.5)

BTS
n = 53 (%)

≥ 70, ASA 3-4

0.051

0.825

0.499

P

Table 1A. Subgroups of patients with non-locally advanced disease based on clinical criteria, stratified for age and ASA score, with the
eventual results of pathological staging (pT, pN) and the proportion receiving adjuvant chemotherapy for each of the initial treatment
strategies (emergency resection or bridge to surgery).
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0 (0.0)
2 (2.0)
31 (31.0)
67 (67.0)

53 (52.0)
28 (27.5)
21 (20.6)

65 (31.9)
66 (32.4)
73 (35.8)

BTS
n = 102 (%)

1 (0.5)
2 (1.0)
22 (10.7)
180 (87.8)

ER
n = 205 (%)

0.002

<0.001

P

23 (38.3)
21 (35.0)
16 (26.7)

0 (0.0)
0 (0.0)
5 (8.3)
55 (91.7)

ER
n = 60 (%)

7 (38.9)
5 (27.8)
6 (33.3)

0 (0.0)
0 (0.0)
4 (21.1)
15 (78.9)

BTS
n = 19 (%)

< 70, ASA 3-4

0.804

0.207

P

70 (38.5)
76 (41.8)
36 (19.8)

0 (0.0)
1 (0.5)
20 (11.0)
161 (88.5)

ER
n = 182 (%)

33 (49.3)
19 (28.4)
15 (22.4)

0 (0.0)
1 (1.5)
8 (11.9)
58 (86.6)

BTS
n = 67 (%)

≥ 70, ASA 1-2

Adjuvant
142 (70.3)
56 (55.4)
0.010
32 (54.2)
12 (63.2)
0.495
56 (31.1)
21 (32.3)
chemo
LA = locally advanced; ASA = American Society of Anesthesiologists; ER = emergency resection; BTS = bridge to surgery

pT stage
pT1
pT2
pT3
pT4
pN stage
pN0
pN1
pN2

LA

< 70, ASA 1-2

0.859

0.146

0.591

P

36 (23.5)

59 (38.6)
55 (35.9)
39 (25.5)

0 (0.0)
1 (0.7)
22 (14.4)
130 (85.0)

ER
n = 153 (%)

9 (22.5)

16 (39.0)
17 (41.5)
8 (19.5)

0 (0.0)
1 (2.5)
11 (27.5)
28 (70.0)

BTS
n = 41 (%)

≥ 70, ASA 3-4

0.891

0.689

0.077

P

Table 1B. Subgroups of patients with locally advanced disease based on clinical criteria (cT4, multivisceral resection, neoadjuvant therapy),
stratified for age and ASA score, with the eventual results of pathological staging (pT, pN) and the proportion receiving adjuvant
chemotherapy for each of the initial treatment strategies (emergency resection or bridge to surgery).
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Figure 3. Three-year disease-free survival in different subgroups of patients.

NLA = non-locally advanced; LA = locally advanced; ASA = American Society of Anesthesiologists;
ER = emergency resection; BTS = bridge to surgery; HR = hazard ratio

Figure 4. Three-year overall survival in different subgroups of patients.

NLA = non-locally advanced; LA = locally advanced; ASA = American Society of Anesthesiologists;
ER = emergency resection; BTS = bridge to surgery; HR = hazard ratio
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Permanent stoma
ER patients showed increased permanent stoma rates with increasing age and ASA
score, while the impact of age was not observed in patients undergoing BTS (Figure 5).
Absolute differences in permanent stoma rates varied between +1.9 and -42.7% if
comparing BTS with ER. In the NLA groups, BTS showed significantly lower permanent
stoma rates than ER in both ASA 1-2 risk groups: 10.3% (12/116) versus 19.8% (83/420)
(RR 0.523, 95% CI 0.296-0.925, P=0.019) for patients < 70 years, and 21.6% (22/102)
versus 44.5% (146/328) (RR 0.485, 95% CI 0.328-0.715, P<0.001) for patients ≥ 70 years.
BTS also resulted in fewer permanent stomas in patients with NLA disease, ≥ 70 years
with an ASA score of 3-4 (37.5% versus 55.8%, RR 0.672, 95% CI 0.422 to 1.070,
P=0.056). In patients with LA disease, BTS showed significantly fewer permanent
stomas in patients ≥ 70 years, regardless of ASA score: 21.6% (11/51) versus 50.0%
(67/134) for ASA 1-2 (RR 0.431, 95% CI 0.247-0.748, P<0.001), and 28.0% (7/25) versus
70.7% (65/92) for ASA 3-4 (RR 0.396, 95% CI 0.207-0.753, P<0.001).

Figure 5. Permanent stoma in different subgroups of patients with a minimum followup of 12 months.
NLA = non-locally advanced; LA = locally advanced; ASA = American Society of Anesthesiologists;
ER = emergency resection; BTS = bridge to surgery; RR = relative risk
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DISCUSSION
This nationwide cohort of patients with LSOCC revealed substantial heterogeneity in
treatment effects among eight predefined risk groups based on age, ASA score, and
clinical tumour stage. Although similar results were observed for 90-day mortality and
survival, this heterogeneity was most obvious for permanent stoma rate, varying from
no benefit to a large advantage of a bridging approach.
Reduced permanent stoma rates following BTS were already observed in several metaanalyses on SEMS versus ER4-7 and on DS versus ER,10 respectively. However, subgroup
analyses on specific risk groups were lacking. The current population-based study
revealed that age, ASA, and tumour stage are all influencing permanent stoma risk to
some degree, making these clinically relevant stratification factors. Healthier patients
with NLA disease regardless of age benefit from BTS, as well as older patients with LA
disease. Absolute risk reductions in permanent stoma rate varied from 9.5% in low-risk
patients (NLA, < 70 years, ASA 1-2) up to 42.7% in high-risk patients (LA, ≥ 70 years, ASA
3-4). Notably, BTS did not affect permanent stoma rate in patients below 70 years with
ASA 3-4 independent of tumour stage. Apparently, comorbidities dictate the clinical
decision-making process in younger patients, with probably a more liberal policy
towards stoma construction as well as hesitance towards stoma reversal. In LA disease,
BTS decreases permanent stoma risk only in elderly patients, indicating that ER is a valid
treatment option for younger patients with LA regarding stoma-free survival.
Ninety-day mortality rates of up to 18.8% (NLA) and 18.3% (LA) were found for ER in
high-risk patients (≥ 70 years, ASA 3-4). Similarly high 30-day mortality rates in specific
risk groups were found in earlier analyses solely based on DCRA data.14 In patients > 79
years with an ASA score higher than 2, 30-day mortality was almost 20%. Most studies
have not been able to show a significant advantage of BTS on short-term mortality
compared to ER.2-5 In the current study, slightly lower 90-day mortality rates of 13.2%
(NLA) and 14.6% (LA) were observed in the high-risk BTS groups. Actually, a BTS
approach led to a homogeneous effect regarding mortality, with risk reductions in all
subgroups up to 6.2%. Postoperative mortality has shown low event rates these days
due to optimised surgery and perioperative care. Consequently, large patient numbers
with sufficient statistical power are required to definitively conclude on an advantage
of BTS regarding postoperative mortality. Notably, frail young patients had a similar
(NLA subgroup) or even higher (LA subgroup) 90-day mortality risk as healthy elderly
patients, emphasising that increasing age alone is not a reliable predictor of death.
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Similar to short-term mortality, a consistent trend towards better overall and diseasefree survival was observed in most subgroups when comparing BTS and ER. As with
permanent stoma rate, a wide variation in absolute risk reductions was observed
regarding both overall (5.7% in low-risk to 22.1% in high-risk patients) and disease-free
survival (0.3% in low-risk to 13.3% in high-risk patients). The data presented in Table 1
reveal remarkable similarities in pathological tumour stage and adjuvant chemotherapy
rates for the majority of risk groups. The most remarkable difference was observed in
patients with LA disease, <70 years, ASA 1-2, but 3-year DFS and OS were almost
identical for BTS and ER in these young fit patients. These findings support the
hypothesis that the eventual pathological stage plays a limited role in survival outcomes
within the distinct clinical risk groups.
The lack of impact of BTS in some patient groups with large advantages in others
underlines the difficulty that may occur when interpreting the results of randomised
controlled trials (RCTs). Some patients might experience more or less benefit than the
reported average effect, also called ‘heterogeneity of treatment effect’.15 Without
taking this variety into account, incorrect translation of trial results into daily clinical
practice may occur. Furthermore, RCTs on LSOCC often consist of populations too small
for reliable subgroup analyses. Subgroup analyses may subsequently result in
misinterpretation of a non-significant p-value, which might be due to a lack of power
rather than actual similarity in treatment effect.16,17 The current study underlines the
value of national population-based studies that include larger number of patients
(n=2544). Combining similar existing databases from other countries would enable
more powerful analyses, thereby increasing the validity of the current findings.
Limitations of the present study include its retrospective design with a risk of missing
data. Although SEMS and DS both aim for reduction in surgical risk, these bridging
strategies should probably be separated in future analyses using larger datasets
because of some essential differences.18 Individual subgroups were still relatively small,
resulting in non-significant p-values, despite the fact that some large absolute risk
reductions were found. Especially conclusions on non-inferiority for certain subgroups
would require much larger numbers of patients. In addition, an important risk of
subgroup analyses includes multiple testing, which increases the risk of a type I error
(false positive results).19 Furthermore, risk group definition regarding NLA or LA
tumours, age, and ASA score was based on earlier studies and on expert opinion. The
size of our cohort did not allow for further stratification into additional age categories.
In addition, some other factors not taken into account in risk stratification might have
affected our outcomes, such as BMI or the degree of colonic dilation at presentation.
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Finally, only patients that underwent tumour resection are included in the DCRA.
Therefore, patients who died during the bridging interval or in whom resection was not
indicated due to a palliative treatment intention were not included. As few to no deaths
during the bridging interval have been reported for SEMS or DS in the curative
setting,4,20 the effects on for example survival rates are expected to be limited.
In conclusion, the current population-based study demonstrated considerable heterogeneity in treatment effect of a BTS approach compared to ER in patients with LSOCC.
For any of the outcome parameters, patient groups without any measurable difference
in treatment outcome could be identified, besides patient groups with clinically
relevant absolute differences in outcome in favour of BTS. In a priori high-risk patients,
a BTS approach was associated with lower permanent stoma rates (absolute risk
reduction up to 42.7%). Larger datasets are needed to validate these observations.
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SUPPLEMENTARY CONTENT

Supplementary figure 1. Mortality within 90 days after resection, stratified for only
age and ASA score.
ASA = American Society of Anesthesiologists; ER = emergency resection; BTS = bridge to surgery
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ABSTRACT
Importance: Bridge to elective surgery using self-expandable metal stent (SEMS)
placement is a debated alternative to emergency resection of patients with left-sided
obstructive colon cancer because of oncological 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 non-locally 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 leftsided 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 analysed from April 7 to October 28,
2019.
Exposure: Decompressing stoma vs SEMS as a bridge to surgery.
Main Outcomes and Measures: Primary anastomosis rate, post-resection presence of
a stoma, complications, additional interventions, permanent stoma, locoregional
recurrence, disease free survival, and overall survival.
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
SEMS had more primary anastomoses (104 of 121 [86.0%] vs 90 of 120 [75.0%], p=0.02),
more post-resection stomas (81 of 121 [66.9%] vs 34 of 117 [29.1%], p<0.001), fewer
major complications (7 of 121 [5.8%] vs 18 of 118 [15.3%], p=0.02), and more
subsequent interventions, including stoma reversal (65 of 113 [57.5%] vs 33 of 117
[28.2%], P<0.001). 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=0.20),
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=0.60), 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=0.26).
Conclusion and Relevance: The findings suggest that DS as bridge to resection of leftsided 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 randomised clinical trial that compares the two
bridging techniques.
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INTRODUCTION
A substantial number of colon cancer patients present with a colonic obstruction. These
patients have an increased risk of postoperative morbidity and mortality if resection is
performed in the emergency care setting.1 Patients with left-sided obstructive colon
cancer (LSOCC) are often older and frail with a deteriorated clinical condition because
of inadequate oral intake. A distended bowel impedes laparoscopic surgery in this
context.2 These observations have led to (inter)national guidelines recommending a
bridge to elective surgery (BTS) approach in older and frail patients 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 tumour cell
dissemination due to tumour manipulation as well as locoregional recurrence after
stent- or guidewire-related perforations.6,7 However, a recent meta-analysis8 did not
confirm a negative influence of SEMS on survival compared with emergency surgery.
The DS technique revealed fewer permanent stomas and more primary anastomoses
than emergency resection.9 Compared with SEMS, the tumour is left untouched
without potential 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 practice probably because of the need for an additional
procedure for stoma reversal (three-stage) and the risk of stoma prolapse and other
stoma-related complications.
In contrast to numerous studies comparing SEMS with emergency resection,15-17 there
is almost no literature comparing the two BTS techniques. To provide more evidence
regarding which BTS option is preferable, the aim of the current study was to compare
DS and 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 performed in the Netherlands under the umbrella of the Dutch Snapshot Research Group (DSRG) according to a
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predefined protocol (www.snapshotresearch.nl).18 Short-term outcomes of 3879
patients who had a resection of LSOCC between 2009 and 2016 were retrieved from
the Dutch Colorectal Audit (DCRA). Between August 2017 and December 2017, surgical
residents extended this database with additional diagnostic, procedural, and
intermediate-term outcome data gathered from original patient files under the
supervision of one or two consultant surgeons. Subsequently, the supplied data was
checked for discrepancies and missing values, which were communicated back to the
collaborators to re-check and complete the data.19 Data were analysed from April 7 to
October 28, 2019. This study was approved by the Institutional Review Board of the
Academic Medical Centre in Amsterdam, the Netherlands. Because of the retrospective
design with anonymised data, an exemption status for individual informed consent was
provided. The study design and preparation of the original manuscript were performed
according to the Strengthening The Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.20
Patients were selected from the DCRA in case of (1) a symptomatic colonic obstruction
(abdominal distention, nausea, and/or vomiting) by a (2) tumour in the distal colon
(sigmoid, descending colon, or splenic flexure), (3) proven malignant tumour by
histologic analysis, and (4) confirmation of the obstruction on radiography or computed
tomography (CT), defined as dilated colon proximal to the primary tumour with or
without distention of small bowel. For the present analysis, the following exclusion
criteria were used: (1) signs of bowel perforation at initial presentation, (2) palliative
treatment intent, (3) emergency resection, and (4) locally advanced tumour (cT4 stage,
neoadjuvant therapy, and/or multivisceral resection). Treatment intent was retrieved
from the original patient files and based on judgment of the local multidisciplinary
team. Centres that performed SEMS were categorized for the purpose of subgroup
analysis, thereby defining high volume centres 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
Endpoints
Short-term outcomes were primary anastomoses, 90-day mortality, complications,
additional interventions, hospital stay, post-resection presence of a stoma, and SEMSrelated perforations. Long-term outcomes included 3-year locoregional recurrence
(LRR), 3-year disease-free survival (DFS), 3-year overall survival (OS), complications,
additional interventions, total hospital stay, and permanent stoma.
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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 included surgical,
endoscopic or radiologic reinterventions within 90 days after resection attributable to
complications, including those related to BTS. The SEMS-related perforations included
clinically overt perforations, silent perforations observed during the resection, and
microperforations. Disease-free survival included the interval between first
presentation with colonic obstruction until locoregional recurrence, distant metastasis,
death or last follow-up. Overall survival included the interval between first presentation
until death or last follow-up. Total complication rate included BTS-related, resectionrelated, and stoma-related complications after resection. Total number of interventions
included BTS, tumour resection, additional interventions, and stoma reversal. Total
hospital stay included any initial or subsequent admissions during the BTS interval and
after tumour resection. Permanent stomas were stomas in situ at the end of follow-up.
Statistical analysis
Normally distributed continuous variables were reported as means and standard
deviations (SDs), non-normally distributed variables as medians and interquartile
ranges (IQRs). Before matching, variables were compared with the Student’s t-test or
the Mann-Whitney U test. Categorical variables were presented as percentages and
compared using the X2-test or the Fisher’s exact test.
Propensity-score matching was performed rather than inverse probability weighting or
addition of the propensity-score to a regression model because we wanted to restrict
our analysis to the most optimally balanced patient groups. As some patients might be
preferably treated with DS, regression analysis using the whole cohort of patients was
considered inappropriate. Patients were propensity-score matched according to the
following variables that might influence treatment choice: age, sex, BMI, ASA score,
prior abdominal surgery, tumour location, pN stage, cM stage, length of stenosis on CT,
and year of resection. Before matching, missing data was imputed with multiple
imputation by chained equations (MICE package in R software). Then 1-to-1 nearest
neighbor matching was performed without replacement with a caliper of 0.25 logit of
the SD of the propensity-score (optimal matching).22 Covariate balance within both the
selected and unselected cohorts was assessed with mean standardized differences
(MSD). An MSD of < 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 X2-test or Fisher’s exact test. Outcomes in the matched
cohort were analysed with conditional logistic regression to account for the paired
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nature of the data. Conditional odds ratios (cOR) with 95% confidence intervals (CI)
were calculated. For outcomes with fewer than 5 observations, the McNemar test was
performed. Kaplan-Meier curves were plotted, and survival probabilities were
compared using Cox proportional hazards with shared frailty, with SEMS as a reference.
These analyses were performed for the following endpoints: DFS, OS, stoma-free
survival, and BTS-related complications. The proportional hazards assumption was
evaluated using a log-minus-log plot. For analysing 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,
blowhole) were performed using conditional logistic regression as well. A two-sided pvalue of <0.05 was considered significant. Analyses were performed on intention-totreat basis, meaning that DS after unsuccessful SEMS was still analysed within the SEMS
group. Analyses were performed with IBM SPSS statistics, version 25.0 (IBM Corp) and
R software 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 participate, of which 75 hospitals
participated, resulting in the registration of 3879 of all 4216 eligible patients (92.0%)
(Figure 1). 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 tumours (n=131)
led to 443 BTS patients: DS (n=240) or SEMS (n=203) (Table 1). In the unmatched
dataset, there were no missing data for age, sex, tumour location, and year of resection.
Data for the other variables were missing for less than 2%, except for stenosis length
(50.8%) and BMI (10.2%). Multiple imputation resulted in completion of these variables.
The 1-to-1 propensity-score matching resulted in 121 patients undergoing DS and 121
patients undergoing SEMS. Selected patients undergoing DS had less often undergone
prior abdominal surgery than unselected DS patients (29.8% versus 43.7%, p=0.03)
(eTable 1). Selected SEMS patients had more often undergone prior abdominal surgery
(26.4% versus 13.4%, p=0.03) and had more pN2 tumours than unselected SEMS
patients (20.7% versus 8.5%, p=0.04). After matching, a comparison of the selected DS
and SEMS patients resulted in MSD less than 10% for all baseline characteristics except
for tumour location (MSD = 12.5%).
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Patients identified from the Dutch Colorectal Audit 2009-2016
N = 4216
Registered patients in collaborative research project
N = 3879
Excluded (N = 726)
Total number of patients with left-sided
obstructing colon cancer
N = 3153

- No acute obstruction: N=670
- No resection: N=23
- Benign obstruction: N=17
- Palliative stent N=5
- Unknown patient: N=2
- Rectal cancer: N=4
- Date of surgery <2009: N=4
- Duplicate record: N=1
Excluded (N = 2579)

Patients undergoing DS or SEMS as BTS
for left-sided obstructive colon cancer
N = 574

7

- Palliative intention: N=465
- Free air on CT: N=101
- Emergency resection: N=2013
Excluded (N = 131)

Patients undergoing DS or SEMS as BTS
for non-locally advanced left-sided
obstructive colon cancer
N = 443

Decompressing stoma as BTS
N = 240

- cT4 tumour: N=50
- Multivisceral resection: N=63
- Neoadjuvant therapy: N=18

SEMS as BTS
N = 203
Propensity-score matching 1:1

Decompressing stoma as BTS
N = 121

SEMS as BTS
N = 121

Figure 1. Flowchart of patient selection.

BTS = bridge to surgery; CT = computed tomography; DS = decompressing stoma; SEMS = self-expandable
metal stent
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Male sex
Age, mean (SD), years
BMI, mean (SD), kg/m2
ASA score 3-4
Prior abdominal surgery
Tumour location

Splenic flexure

Descending colon
Sigmoid

pN stagea

pN0

pN1

pN2
cM1 stage

Lung

Liver

Peritoneal

Other
Length of stenosis, mean
(SD), cm
10 (4.9)
38 (18.7)
155 (76.4)
101 (49.8)
69 (34.0)
33 (16.3)
16 (7.9)
1 (0.5)
11 (5.4)
3 (1.5)
2 (1.0)
4.0 (1.5)

42 (17.5)
44 (18.3)
154 (64.2)

95 (39.6)
89 (37.1)
56 (23.3)
16 (6.7)
1 (0.4)
14 (5.8)
3 (1.3)
1 (0.4)
4.4 (2.0)

Before 1:1 PS matching
DS as BTS
SEMS as BTS
N = 240 (%)
N = 203 (%)
149 (62.1)
115 (56.7)
68.5 (11.4)
70.5 (11.7)
25.0 (4.0)
25.5 (5.0)
53 (22.1)
48 (23.6)
88 (36.7)
43 (21.2)

Table 1. Baseline characteristics.

27.1

4.7

22.8

SMD
(%)
16.9
11.1
12.7
3.7
34.7
41.1

51 (42.1)
47 (38.8)
23 (19.0)
10 (8.3)
0 (0.0)
10 (8.3)
0 (0.0)
0 (0.0)
4.1 (1.7)

6 (5.0)
23 (19.0)
92 (76.0)
54 (44.6)
42 (34.7)
25 (20.7)
9 (7.4)
1 (0.8)
5 (4.1)
2 (1.7)
1 (0.8)
3.9 (1.5)

8 (6.6)
18 (14.9)
95 (78.5)

After 1:1 PS matching
DS as BTS
SEMS as BTS
N = 121 (%)
N = 121 (%)
72 (59.5)
73 (60.3)
69.8 (11.0)
70.1 (12.1)
25.3 (4.3)
25.2 (3.9)
26 (21.5)
26 (21.5)
36 (29.8)
32 (26.4)

7.6

3.1

8.6

SMD
(%)
1.7
2.1
2.5
<0.1
7.4
12.5

Unselected groups after matching
DS as BTS
SEMS as BTS
SMD
N = 119 (%)
N = 82 (%)
(%)
77 (64.7)
42 (51.2)
27.6
67.2 (11.7)
71.1 (11.2)
33.9
24.6 (3.6)
26.3 (6.5)
33.6
27 (22.7)
22 (26.8)
9.6
52 (43.7)
11 (13.4)
71.2
81.2
36 (30.3)
2 (2.4)
21 (17.6)
20 (24.4)
62 (52.1)
60 (73.2)
59.6
44 (37.0)
49 (59.8)
41 (34.5)
26 (31.7)
34 (28.6)
7 (8.5)
6 (5.0)
8 (9.8)
18.1
1 (0.8)
0 (0.0)
4 (3.4)
6 (7.3)
3 (2.5)
1 (1.2)
1 (0.8)
1 (1.2)
4.6 (2.0)
3.8 (1.6)
43.9

5 (9.8)
17 (27.4)
24 (53.3)
21 (43.8)
39 (65.0)
32 (88.9)
52 (72.2)
50 (72.5)

46 (90.2)
45 (72.6)
21 (46.7)
27 (56.3)
21 (35.0)
4 (11.1)
20 (27.8)
19 (27.5)

Before 1:1 PS matching
DS as BTS
SEMS as BTS
N = 240 (%)
N = 203 (%)
SMD
(%)
93.1
5 (31.3)
17 (47.2)
20 (69.0)
13 (39.4)
25 (55.6)
12 (75.0)
16 (45.7)
13 (40.6)

11 (68.8)
19 (52.8)
9 (31.0)
20 (60.6)
20 (44.4)
4/ (25.0)
19 (54.3)
19 (59.4)

After 1:1 PS matching
DS as BTS
SEMS as BTS
N = 121 (%)
N = 121 (%)
SMD
(%)
0.4

Unselected groups after matching
DS as BTS
SEMS as BTS
SMD
N = 119 (%)
N = 82 (%)
(%)
358.4
0 (0.0)
35 (100)
0 (0.0)
26 (100)
4 (25.0)
12 (75.0)
8 (53.3)
7 (46.7)
14 (93.3)
1 (6.7)
20 (100)
0 (0.0)
36 (97.3)
1 (2.7)
37 (100)
0 (0.0)

PS = propensity-score; BTS = bridge to surgery; SEMS = self-expanding metal stent; SMD = standardized mean difference; SD = standard deviation; BMI = body mass index;
ASA = American Society of Anesthesiologists; a 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=0.222); b Percentage of row instead of column total

Year of resectionb

2009

2010

2011

2012

2013

2014

2015
2016


Table 1. Continued.
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Procedural characteristics and short-term outcomes
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<0.001) (Table 2). The
median hospital stay during the BTS interval was 7 days (IQR 5-12) for DS and 4 days
(IQR 2-6) for SEMS (cOR 0.86, 95% CI 0.79-0.92, p<0.001). No differences were observed
in BTS-related complications (cOR 0.78, 95% CI 0.29-2.09, p=0.62; hazard ratio [HR]
0.80, 95% CI 0.32-2.04, p=0.64). More primary anastomoses were constructed in the DS
group (86% versus 75%, cOR 0.41, 95% CI 0.19-0.89, p=0.02). Patients undergoing SEMS
had fewer post-resection stomas (29% versus 67%, cOR 0.15, 95% CI 0.07-0.32,
p<0.001). The 90-day complication rate did not significantly differ between the groups,
although patients undergoing showed more major resection-related complications
(15% versus 6%, cOR 3.20, 95% CI 1.17-8.74, p=0.02). Ninety-day mortality was 1.7%
and 5.0% for DS and SEMS (p=0.29), respectively. eTable 2 and eTable 3 provide an
overview of DS- and SEMS-specific complications. The overall SEMS-related perforation
rate was 8.0%. Three patients had clinically overt perforations, who all underwent
subsequent emergency resection. Two of them died at 11- and 18-month follow-up.
eTable 4 gives a comparison of hospital stay between SEMS and different types of DS.
Within the DS group, patients undergoing double loop DS had a shorter median postresection hospital stay than those undergoing blowhole DS (6 versus 8 days, p=0.04).
High- versus low-volume SEMS centres did not show any significant differences in
technical success and SEMS-related complications (eTable 5).
Long-term outcomes
The median follow-up was 36 months (IQR 15-59 months) for DS and 31 months (IQR
15-56 months) for SEMS (cOR for follow-up time 1.00, 95% CI 0.99-1.01, p=0.59) (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=0.20), 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=0.60), 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=0.26), respectively (Figure 2, eFigure 1). Permanent stoma rate did not significantly
differ between the DS and SEMS groups (28.9% versus 19.2%, cOR 0.63, 95% CI 0.361.13, p=0.12; Table 3 and eFigures 2 and 3). The total median hospital stay was 15 days
(IQR 11-23 days) for DS and 13 days (IQR 9-20 days) for SEMS (cOR 0.99, 95% CI 0.971.01, p=0.22).
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Surgical procedure

Sigmoid resection

Left hemicolectomy

Subtotal colectomy

Extended left hemicolectomy

Transverse resection
Completeness of resection

R0

R1

R2
No. of lymph nodes harvested, median (IQR)

No. of positive lymph nodes harvested, median (IQR)
Angio-invasion

Extramural venous invasion

Lymphatic invasion
Intramural venous invasion

Stoma in situ directly after tumour resection

(New) stoma constructed during resection
Type of stoma in situ directly after tumour resection

Diverting ileostomy

End ileostomy

Diverting colostomy
End colostomy


Time from first presentation to DS/SEMS, median (IQR), days
Time from DS/SEMS to resection in days, median (IQR), days
Laparoscopic approach for primary tumour resection

0.82
0.95
1.07
1.13
1.10
-*
-**
-**
2.50
*
-**
1.04
1.02
1.05
1.39
-*-*
0.15
0.50
-*
-**
65.29

1.0 (0.0-1.0)
18.0 (8.0-30.8)
62/120 (51.7)
84/121 (69.4)
33/121 (27.3)
3/121 (2.5)
0/121 (0.0)
1/121 (0.8)
112/114 (98.2)
1/114 (0.9)
1/114 (0.9)
19.0 (14.0-24.0)
1.0 (0.0-3.0)
34/113 (30.1)
31/113 (27.4)
2/111 (1.8)
1/113 (0.9)
34/117 (29.1)
34/34 (100)
4/34 (11.8)
2/34 (5.9)
0/34 (0.0)
28/34 (82.4)

81/121 (66.9)
31/121 (25.6)
6/121 (5.0)
3/121 (2.5)
0/121 (0.0)
116/121 (95.9)
5/121 (4.1)
0/121 (0.0)
15.0 (12.0-21.0)
1.0 (0.0-3.0)
31/106 (29.2)
23/106 (21.7)
6/106 (5.7)
2/106 (1.9)
81/121 (66.9)
13/81 (16.0)
9/77 (11.7)a
4/77 (5.2)
57/77 (74.0)
7/77 (9.1)

1.0 (0.0-2.0)
30.0 (19.0-47.0)
60/121 (49.6)

cOR

SEMS as BTS
N = 121 (%)

DS as BTS
N = 121 (%)

0.09-2.73
-*
-**
1.63-2611.50

0.49-12.89
*
-**
1.01-1.07
0.95-1.10
0.56-1.97
0.68-2.83
-*
-*
0.07-0.32
-

0.65-1.98
0.60-2.02
-

0.67-1.00
0.93-0.97
0.65-1.74

95% CI

0.44
0.67
0.76
0.51*
-**
-**
0.53
0.27
0.22*
-**
0.01
0.57
0.87
0.37
0.45*
1.00*
<0.001
0.01
0.42
1.00*
-**
0.03

0.05
<0.001
0.80

P-value

Table 2. Procedural characteristics and short-term outcomes (within 90 days after resection) of propensity-score matched samples.
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5/90 (5.6)
7/121 (5.8)
5/118 (4.2)
6/117 (5.1)
9/117 (7.7)
4/117 (3.4)
2/117 (1.7)
39/114 (34.2)
16/115 (13.9)
6/121 (5.0)
54/121 (44.6)
7.0 (4.0-9.5)

4.0 (2.0-6.0)
1/113 (0.9)
4.0 (2.0-6.0)
7.0 (5.0-14.0)
8/115 (7.0)
9/112 (8.0)
34/118 (28.8)
18/118 (15.3)

7.0 (5.0-12.0)
2/111 (1.8)
7.0 (5.0-12.0)
7.0 (5.0-9.0)
13/116 (11.2)
24/121 (19.8)
7/121 (5.8)
3/104 (2.9)
2/121 (1.7)
3/119 (2.5)
13/120 (10.8)
4/120 (3.3)
0/120 (0.0)
0/120 (0.0)
34/118 (28.8)
8/112 (7.1)
2/121 (1.7)
47/120 (39.2)
5.0 (4.0-7.0)

SEMS as BTS
N = 121 (%)
90/120 (75.0)

DS as BTS
N = 121 (%)
104/121 (86.0)

-*
-*
-*
0.42
-*
-**
-**
1.27
2.33
-*
1.26
1.13

0.85
-*
0.86
1.03
0.78
1.56
3.20

0.41

cOR

-*
-*
-*
0.15-1.18
-*
-**
-**
0.73-2.23
0.90-6.07
-*
0.76-2.09
0.91-1.39

0.79-0.92
-*
0.79-0.92
1.00-1.06
0.29-2.09
0.86-2.81
1.17-8.74

0.19-0.89

95% CI

1.00*
0.18*
0.73*
0.10
0.27*
-**
-**
0.40
0.08
0.29*
0.37
0.28

<0.001
1.00*
<0.001
0.09
0.62
0.14
0.02

0.02

P-value

DS = decompressing stoma; SEMS = self-expanding metal stent; BTS = bridge to surgery; IQR = interquartile range; cOR = conditional odds ratio; CI = confidence interval
a
Type of stoma in situ directly after tumour resection missing for 4 DS patients; b Without readmissions; c Combination of complications following BTS and < 90 days after
resection; d Reinterventions within the BTS interval or < 90 days after resection solely due to complications, excluding complications related to the stoma in situ after resection


Anastomotic leakage

Abscess (intra-abdominal)

Fascia dehiscence

Wound infection

Post-operative ileus

Gastroparesis
Bleeding

90-day complication ratec
90-day subsequent intervention rated
90-day mortality
Adjuvant chemotherapy
Time from resection until start of adjuvant chemotherapy, median
(IQR), weeks

Primary anastomosis
Hospital stay during BTS interval, median (IQR), days

Directly after DS/SEMS without readmission

Readmission during BTS interval

Including readmissions during BTS interval
Hospital stay directly after resection, median (IQR), daysb
BTS-related complications during bridging interval

SEMS-related perforation
Resection-related complications within 90 days

Major resection-related complications

Table 2. Continued.
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and excluding stoma reversals; * McNemar test instead of conditional logistic regression due to < 5 observations, therefore no cOR and 95% confidence interval reported; **
Due to 0 observations in one or both group(s), no P-value could be calculated with the McNemar test
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Table 3. Long-term treatment outcomes of propensity-score matched samples.

FU, median (IQR), months
Permanent stoma at time of last FU

If minimum FU of 12 months
Total hospital stay, median (IQR), daysa
•
Post-resection incl. readmissions
Total complication rate – entire FU
Related to stoma after resection

Parastomal hernia

Incisional hernia

Stoma prolapse

Stoma necrosis

Ileus caused by stoma

Dehydration
High output

Additional interventions – entire
follow-up

Including stoma reversalc

Excluding stoma reversald
No. of interventionse, median (IQR)
Locoregional recurrence

Anastomotic

Locoregional lymph node(s)

Peritoneal metastasis
Unknown

Distant metastases

Liver

Lung

Distant lymph node

Combination

Other
3-year locoregional recurrence (%)

Events after 36 months FU

No. of patients at risk after 36
months FU
3-year disease-free survival (%)

Events after 36 months FU
Patients at risk after 36 months FU

3-year overall survival (%)

Events after 36 months FU

No. of patients at risk after 36
months FU

DS as BTS
N = 121 (%)

SEMS as BTS
N = 121 (%)

cOR

95% CI

P-value

35.5 (15.0-58.5)
35/121 (28.9)
24/101 (23.8)
15.0 (11.0-23.0)
7.0 (5.0-12.3)
56/116 (48.3)
28/77 (36.4)
5/77 (6.5)
8/74 (10.8)
9/77 (11.7)
0/76 (0.0)
1/76 (1.3)
0/76 (0.0)
2/76 (2.6)

31.0 (15.0-56.0)
23/120 (19.2)
15/93 (16.1)
13.0 (9.0-20.0)
7.5 (5.0-15.0)
44/109 (40.4)
8/26 (30.8)
3/30 (10.0)
0/29 (0.0)
0/30 (0.0)
3/29 (10.3)
0/30 (0.0)
1/28 (3.6)
3/30 (10.0)

1.00
0.63
0.65
0.99
1.02
0.78
0.86

0.99-1.01
0.36-1.13
0.30-1.38
0.97-1.01
0.99-1.04
0.46-1.32
0.29-2.55

0.59
0.12
0.26
0.22
0.28
0.36
0.78

65/113 (57.5)
21/113 (18.6)
3.0 (2.0-3.0)
12/118 (10.2)
3/12 (25.0)
0/12 (0.0)
6/12 (50.0)
3/12 (25.0)
26/119 (21.8)
15/26 (57.7)
1/26 (3.8)
0/26 (0.0)
9/26 (34.6)
1/26 (3.8)
11.7
11
57

33/117 (28.2)
22/116 (19.0)
2.0 (2.0-3.0)
18/116 (15.5)
3/18 (16.7)
1/18 (5.6)
11/18 (61.1)
3/18 (16.7)
27/117 (23.1)
12/27 (44.4)
4/27 (14.8)
1/27 (3.7)
10/27 (37.0)
0/27 (0.0)
18.8
16
51

0.28
1.07
0.42
1.40

0.15-0.53
0.53-2.16
0.25-0.72
0.62-3.15

<0.001
0.86
0.002
0.42

1.17

0.62-2.19

0.63

-

-

0.20

64.0
37
49
78.0
21
60

56.9
42
46
71.8
27
56

-

-

0.60

-

-

0.26

DS = decompressing stoma; SEMS = self-expanding metal stent; BTS = bridge to surgery; IQR = interquartile
range; cOR = conditional odds ratio; CI = confidence interval; FU = follow-up; incl. = including; a Combination
of hospital stay during BTS interval including readmissions and hospital stay after resection including
readmissions; b Combination of complications following BTS and resection including stoma-related complications occurring after resection during entire follow-up; c Reinterventions within the BTS interval or
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after resection due to complications and/or stoma reversal during entire follow-up; d Reinterventions within
the BTS interval or after resection solely due to complications during entire follow-up, excluding stoma
reversal; e Combination of initial BTS intervention, subsequent tumour resection, reinterventions related to
complications, and stoma reversal during entire follow-up.

Disease-free survival

2A

7

P-value for frailty analysis: 0.60

Time in months
Number at risk
DS
SEMS

116
113

69
62

44
43

22
19

Overall survival

2B

P-value for frailty analysis: 0.26

Number at risk
DS
SEMS

Time in months
119
120

81
76

56
51

28
23

Figure 2. Disease-free survival (2A) and overall survival (2B) for DS versus SEMS as BTS
(propensity-score matched samples).
DS = decompressing stoma; SEMS = self-expandable metal stent
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Patients undergoing double loop DS had a shorter total hospital stay than blowhole DS
(15 versus 23 days, p=0.003). More subsequent interventions were performed after DS
than after SEMS (57.5% versus 28.2%, cOR 0.28, 95% CI 0.15-0.53, p<0.001), which did
not remain significant after exclusion of stoma reversals. Patients undergoing DS had a
higher number of interventions, with a median of 3.0 (IQR 2.0-3.0) versus 2.0 (IQR 2.03.0) in the SEMS group (cOR 0.42, 95% CI 0.25-0.72, p=0.002). High- versus low-volume
SEMS centres did not reveal any significant differences in locoregional recurrence,
disease-free survival, and overall survival (eTable 5, eFigure 4).

DISCUSSION
This nationwide, propensity-score matched study compared short-term and intermediate-term outcomes of patients who underwent either DS or SEMS as BTS for nonlocally advanced LSOCC. Patients undergoing DS had more post-resection stomas,
required more repeated interventions, had a higher number of additional
interventions, and had a longer hospital stay during the BTS interval. However, patients
undergoing DS had more primary anastomoses and fewer major post-resection
complications. Permanent stoma rate and oncological outcomes did not significantly
differ between the DS and SEMS groups.
Minimally invasive relief of colonic obstruction in LSOCC can be accomplished by either
DS construction or SEMS placement. The construction of a DS is a relatively fast and
controlled procedure with an almost 100% success rate and can be performed in almost
every patient. Placement of a SEMS is a technically demanding procedure that requires
specific skills, needs a certain patient selection depending on tumour characteristics
(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 observations 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 organisation of domiciliary
stoma care. Available guidelines recommend SEMS, provided that the lesion is
amenable to stenting and the endoscopist has sufficient experience with SEMS
placement. 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.
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The first published study on DS versus 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 results, Amelung et al.25 observed fewer post-resection stomas for
SEMS than DS (18% versus 62%) and no significant differences in hospital stay and permanent stoma rate.
Recently, a French population-based study26 on DS (n=327) versus SEMS (n=191) was
published. In contrast to our results, DS was associated with more complications and a
longer hospital stay than SEMS. Median DFS was 54 months in both groups, but OS was
significantly longer in the DS group (median 124 versus 59 months). The authors
concluded that SEMS might negatively influence survival, but whether they sufficiently
corrected for confounding baseline differences is unclear. Furthermore, outcomes of
the French study26 might have been influenced by the slightly higher age and ASA score
of the included patients compared with the present Dutch population study.
More major post-resection complications were observed in the SEMS group, which is in
line with Amelung et al.25 This observation might be explained by more anastomoses
that were defunctioned in our DS group because most of the decompressing stomas
were reversed later. In contrast, Amelung et al.25 reported fewer long-term
complications (30% and 10%) than observed in our study (48% and 40%) for DS versus
SEMS. Stoma-related complications that occurred after resection were not included in
that study. In fact, only incisional hernias, enterocutaneous fistulas, abscesses of the
abdominal wall, and anastomotic stenoses were mentioned as long-term complications. The current study specifically focused on complete and detailed data collection
regarding intermediate-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 whom approximately 50% required a surgical reintervention.
A blowhole DS was performed in only a few patients. Although success of decompression is comparable, a blowhole DS is easier to construct with shorter operative time
compared with a double loop DS.29 A double loop DS is less likely to retract and does
not need revision for diverting a primary anastomosis at the time of resection, but it is
a bulky stoma with high risk of prolaps. In contrast to Kasten et al.,29 we found a
significantly shorter post-resection and total hospital stay for double loop DS. Current
evidence does not allow for clear recommendations on type of DS.
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The premature closure of the Dutch Stent-in II trial owing to relatively high perforation
rates has contributed to an ongoing discussion on the oncological safety of SEMS.5,30
Concerns include a high risk of tumour cell dissemination due to manipulation during
SEMS placement and expanding pressure as well as tumour recurrence after a
perforation.6,7 These concerns were fueled by reports of a higher rate of perineural and
lymph node invasion after SEMS than ER.31,32 However, meta-analyses33,34 did not reveal
an association with decreased survival. Current SEMS-related perforation rates are
lower than those of the Stent-in II trial (8.0% versus 19.1%) and technical success has
improved as well (86.0% vs. 70.2%)5, which might be associated with an increase in
stenting experience and proper patient selection in routine daily practice. A recent
study19 reported on the oncologic outcomes after SEMS-related perforations in this
population-based dataset, which revealed 3-year locoregional recurrence of 17.9%
versus 11.0% (p=0.43), a 3-year DFS of 48.5% versus 59.6% (p=0.72), and a 3-year OS
rate of 61.1% versus 75.1% (p=0.53). However, with only 17 SEMS-related perforations,
no firm conclusions could be drawn. The survival curves of the present analysis (Figure
2) seem to separate in favour 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 due to the retrospective study design, such as the
physician’s reasons for DS or SEMS, quality of life, and treatment costs. Moreover,
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 influence on
treatment choice, and residual confounding by unknown factors might still be present,
which might have resulted in groups that were still not fully comparable. Exclusion of
cases that did not meet the matching criteria might have reduced statistical power and
caused bias. For example, the increased proportion of pN2 tumours in unselected
versus selected SEMS patients 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 oncological outcomes, and patient numbers were particularly
low after 2 years. Therefore, data regarding DFS and OS should be interpreted with
caution. In addition, patients without any tumour resection are not included in the
DCRA and therefore not included in this study. Such patients might have died shortly
after the bridging intervention or treated with palliative systemic therapy or best
supportive care, which might have introduced selection bias if overrepresented in 1 of
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the 2 groups. Finally, data on endoscopist experience were lacking. Stents are also
placed in the palliative care setting without subsequent resection; therefore, centres’
experience can be underestimated based on the DCRA data set. Furthermore,
experience may also depend on other advanced endoscopic techniques, including other
gastrointestinal stenting procedures. Therefore, we could not reliably assess stenting
experience and did not include this potential confounder in our analyses.
Conclusions
This nationwide, propensity-score matched study comparing DS and SEMS for nonlocally advanced LSOCC revealed advantages and disadvantages of the 2 bridging
techniques. Oncological outcome was slightly in favour of DS, but statistical significance
was not reached and follow-up was relatively short. Randomised clinical trials are
indicated to determine the best BTS strategy considering the equipoise.
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Disease-free survival

1A

P-value from frailty analysis: 0.60

Number at risk
DS
SEMS

Time in months
116
113

91
92

69
62

50
49

44
43

Overall survival

1B

P-value from frailty analysis: 0.26

Number at risk
DS
SEMS

Time in months
119
120

105
97

81
76

64
63

56
51

eFigure 1. Disease-free survival (1A) and overall survival (1B) for DS versus SEMS as BTS,
truncated at a third of patients at risk (propensity-score matched samples).
DS = decompressing stoma; SEMS = self-expandable metal stent
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eFigure 2. Stoma-free survival after resection for DS versus SEMS as BTS (propensityscore matched).
Bridge to surgery patients (propensity-score matched cohort)
n = 242

SEMS patients
b
n = 121

DS patients
n = 121

Stoma in situ directly after
resection
n = 81

No stoma in situ directly
after resection
n = 40

Type of stoma (n = 77):
Diverting ileostomy n = 9
End ileostomy n = 4
Diverting colostomy n = 57
End colostomy n = 7

No stoma in situ directly
after resection
b
n = 83

Type of stoma (n = 34):
Diverting ileostomy n = 4
End ileostomy n = 2
Diverting colostomy n = 0
End colostomy n = 28

Stoma reversal n = 48

No stoma reversal during
follow-up
n = 33

Stoma in situ directly after
resection
b
n = 34

a

Stoma construction during
follow-up
n=2

Stoma at end of follow-up
n = 35

Stoma reversal n = 13

No stoma reversal during
follow-up
d
n = 20

c

Stoma construction during
follow-up
n=3

Stoma at end of follow-up
n = 23

eFigure 3. Flowchart of patients with a stoma in situ directly after resection.

Median time from primary tumour resection to stoma reversal (interquartile range): 4.5 months (2.0-9.0); b
In 4 SEMS patients, it was unknown if they had a stoma constructed directly after resection; c Median time
from primary tumour resection to stoma reversal (interquartile range): 9.0 months (5.0-16.0); d In 1 SEMS
patient, it was unknown if the stoma was reversed during follow-up
a
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Disease-free survival

4A

Log-rank p = 0.53

Time in months

Number at risk
Low-volume
High-volume

182
47

102
29

63
24

30
11

Overall
survival

4B

Log-rank p = 0.54
Number at risk
Low-volume
High-volume

Time in months
189
50

119
38

80
27

38
13

eFigure 4. Disease-free survival (4A) and overall survival (4B) following SEMS placement
for high-volume versus low-volume SEMS centres.
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eTable 1. Comparison of baseline characteristics between selected patients versus
unselected patients after propensity score matching, for DS and SEMS separately.

Male sex
Age, mean (SD),
years
BMI, mean (SD),
kg/m2
ASA score 3-4
Prior abdominal
surgery
Tumour location

Splenic
flexure

Descending
colon
Sigmoid

pN stage

pN0

pN1

pN2
cM1 stage

Lung

Liver

Peritoneal

Other

Selected
N = 121 (%)
72 (59.5)
69.8 (11.0)

DS as BTS
Unselected
N = 119 (%)
77 (64.7)
67.2 (11.7)

25.3 (4.3)

P-value

SEMS as BTS
Unselected
N = 82 (%)
42 (51.2)
71.1 (11.2)

0.41
0.07

Selected
N = 121 (%)
73 (60.3)
70.1 (12.1)

24.6 (3.6)

0.09

25.2 (3.9)

26.3 (6.5)

0.11

26 (21.5)
36 (29.8)

27 (22.7)
52 (43.7)

0.82
0.03

26 (21.5)
32 (26.4)

22 (26.8)
11 (13.4)

0.38
0.03

6 (5.0)
23 (19.0)
92 (76.0)

36 (30.3)
21 (17.6)
62 (52.1)

8 (6.6)
18 (14.9)
95 (78.5)

2 (2.4)
20 (24.4)
60 (73.2)

51 (42.1)
47 (38.8)
23 (19.0)

44 (37.0)
41 (34.5)
34 (28.6)

54 (44.6)
42 (34.7)
25 (20.7)

49 (59.8)
26 (31.7)
7 (8.5)

10 (8.3)
0 (0.0)
10 (8.3)
0 (0.0)
0 (0.0)

6 (5.0)
1 (0.8)
4 (3.4)
3 (2.5)
1 (0.8)

9 (7.4)
1 (0.8)
5 (4.1)
2 (1.7)
1 (0.8)

8 (9.8)
0 (0.0)
6 (7.3)
1 (1.2)
1 (1.2)

<0.001

0.22

0.32

P-value
0.20
0.57

0.13

7
0.04

0.56

Length of stenosis,
4.1 (1.7)
4.6 (2.0)
0.16
3.9 (1.5)
3.8 (1.6)
0.55
mean (SD), cm
Year of resectiona
<0.001
<0.001

2009
5 (31.3)
0 (0.0)
11 (68.8)
35 (100)

2010
17 (47.2)
0 (0.0)
19 (52.8)
26 (100)

2011
20 (69.0)
4 (25.0)
9 (31.0)
12 (75.0)

2012
13 (39.4)
8 (53.3)
20 (60.6)
7 (46.7)

2013
25 (55.6)
14 (93.3)
20 (44.4)
1 (6.7)

2014
12 (75.0)
20 (100)
4/ (25.0)
0 (0.0)

2015
16 (45.7)
36 (97.3)
19 (54.3)
1 (2.7)
2016
13 (40.6)
37 (100)
19 (59.4)
0 (0.0)

DS = decompressing stoma; SEMS = self-expanding metal stent; BTS = bridge to surgery; SMD = standardized
mean difference; SD = standard deviation; BMI = body mass index; ASA = American Society of
Anesthesiologists; a Percentage of row instead of column total
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eTable 2. DS-related complications.
DS as BTS
N = 121 (%)
DS-related complication

Stoma necrosis

Abscess (intra-abdominal)

Bleeding

Stoma prolaps

Parastomal hernia

Retraction

High output
Other


12/115 (10.4)
2/114 (1.8)
1/114 (0.9)
1/114 (0.9)
1/114 (0.9)
0/114 (0.0)
1/114 (0.0)
3/115 (2.6)
3/114 (2.6)

DS = decompressing stoma; BTS = bridge to surgery

eTable 3. SEMS-specific outcomes.
SEMS as BTS
N = 121 (%)
Technical success
Reason for technical failure

Guidewire does not pass tumour

Stent does not pass tumour

No proper stent deployment

Perforation
Unknown

SEMS-related complication

Perforation (clinically relevant)

Migration

Obstruction
Rectal/abdominal pain

SEMS-related perforation

Clinically relevant

Perforation observed during resection

Micro perforation in histological specimen

102/119 (85.7)
6/17 (35.3)
4/17 (23.6)
3/17 (17.6)
2/17 (11.8)
2/17 (11.8)
7/115 (6.1)
3/115 (2.6)
2/113 (1.8)
1/113 (0.9)
1/113 (0.9)
9/112 (8.0)
3/115 (2.6)
4/115 (3.5)
2/107 (1.9)

SEMS = self-expandable metal stent; BTS = bridge to surgery
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4.0 (2.0-6.0)
4.0 (2.0-6.0)
1/113 (0.9)
1/113 (0.9)
4.0 (2.0-6.0)
4.0 (2.0-6.0)
7.0 (5.0-14.0)
7.0 (5.0-14.0)
13.0 (9.0-20.0)
13.0 (9.0-20.0)

100/113 (88.5)
13/113 (11.5)
7.0 (5.0-10.8)
9.0 (5.5-13.5)
1/93 (1.1)
0/12 (0.0)
7.0 (5.0-10.8)
9.0 (5.5-13.5)
6.0 (5.0-9.0)
8.0 (6.5-16.5)
14.5 (11.0-21.0)
23.0 (17.0-34.0)

SEMS as BTS
N = 121 (%)
0.81-0.94
0.25-0.92
-*
-**
0.81-0.94
0.39-0.92
1.00-1.09
0.96-1.06
0.96-1.01
0.95-1.03

0.88
0.48
-*
-**
0.88
0.60
1.04
1.01
0.99
0.99

95% CI

-

cOR

0.35
0.60

0.03
0.69

<0.001
0.02

-1.00*
-**

<0.001
0.03

-

P-value

DS = decompressing stoma; SEMS = self-expandable metal stent; BTS = bridge to surgery; IQR = interquartile range; cOR = conditional odds ratio; CI = confidence
interval; a Without readmissions; b Combination of hospital stay during BTS interval including readmissions and hospital stay after resection including readmissions
* McNemar test instead of conditional logistic regression due to < 5 observations, therefore no cOR and 95% confidence interval reported; ** Due to 0 observations
in one or both group(s), no P-value could be calculated with the McNemar test

Type of DS

Double loop DS

Blowhole DS
Hospital stay during BTS interval, median (IQR), days
Directly after DS/SEMS without readmissions

Double loop DS

Blowhole DS
Readmission during BTS interval

Double loop DS

Blowhole DS
Including readmissions during BTS interval

Double loop DS

Blowhole DS
Hospital stay directly after resection, median (IQR), daysa

Double loop DS
Blowhole DS

Total hospital stay, median (IQR), daysb

Double loop DS

Blowhole DS

DS as BTS
N = 121 (%)

eTable 4. Sub analysis of either blowhole or double loop DS versus SEMS patients in propensity-score matched samples.
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eTable 5. Comparison of SEMS patients in high-volume versus low-volume SEMS
centres.

Technical success
SEMS-related complication
SEMS-related perforation

Clinically overt perforation
3-year locoregional recurrence (%)

Events after 36 months of FU

Patients at risk after 36 months of FU
3-year disease-free survival (%)

Events after 36 months of FU
Patients at risk after 36 months of FU

3-year overall survival (%)

Events after 36 months of FU

Patients at risk after 36 months of FU
SEMS = self-expandable metal stent; FU = follow-up
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High-volume
centre
N = 50 (%)
45/50 (90.0)
1/48 (2.1)
2/49 (4.1)
1/48 (2.1)
16.7
7
27
66.5
15
25
84.4
7
30

Low-volume
centre
N = 71 (%)
57/69 (82.6)
7/67 (10.4)
7/63 (11.1)
2/66 (3.0)
14.7
20
81
58.4
64
70
72.0
41
86

P-value
0.30
0.14
0.29
1.00
0.57
0.53
0.54
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Decompressing stoma as bridge
to elective surgery is an eﬀective strategy
for left-sided obstructive colon cancer:
a national, propensity-score matched study

J.V. Veld, F.J. Amelung, W.A.A. Borstlap, E.E. van Halsema, E.C.J. Consten,
J.W.T. Dekker, P.D. Siersema, F. ter Borg, E.S. van der Zaag, P. Fockens,
W.A. Bemelman, J.H.W. de Wilt, J.E. van Hooft, P.J. Tanis,
on behalf of the Dutch Snapshot Research Group
Annals of Surgery 2020 Nov;272(5):738-743

Chapter 8

ABSTRACT
Objective: The purpose of this population-based study was to compare decompressing
stoma (DS) as a bridge to elective surgery (BTS) with emergency resection (ER) for leftsided obstructive colon cancer (LSOCC) using propensity-score matching.
Summary Background Data: Recently, an increased use of DS as BTS for LSOCC has been
observed in the Netherlands. Unfortunately, good quality comparative analyses with ER
are scarce.
Methods: Patients diagnosed with non-locally advanced LSOCC between 2009 and 2016
in 75 Dutch hospitals, who underwent DS or ER in the curative setting, were propensityscore matched in a 1:2 ratio. The primary outcome measure was 90-day mortality, and
main secondary outcomes were 3-year overall survival and permanent stoma rate.
Results: Of 2048 eligible patients, 236 patients who underwent DS were matched with
472 patients undergoing ER. Following DS, more laparoscopic resections were
performed (56.8% versus 9.2%, p<0.001) and more primary anastomoses were
constructed (88.5% versus 40.7%, p<0.001). DS resulted in significantly lower 90-day
mortality compared to ER (1.7% versus 7.2%, p=0.006), and this effect could be mainly
attributed to the subgroup of patients over 70 years (3.5% versus 13.7%, p=0.027).
Patients treated with DS as BTS had better 3-year overall survival (79.4% versus 73.3%,
HR 0.36, 95% CI 0.20-0.65) and fewer permanent stomas (23.4% versus 42.4%,
p<0.001).
Conclusions: In this nationwide propensity-score matched study, DS as a BTS for LSOCC
was associated with lower 90-day mortality and better 3-year overall survival compared
to ER, especially in patients over 70 years of age.
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INTRODUCTION
Approximately 10% of patients with colorectal cancer present with an acute colonic
obstruction.1 In the Netherlands, obstructive left-sided colon cancer (LSOCC) is most
frequently treated with emergency resection (ER) in the curative setting.2 However,
many of these patients have a deteriorated physical condition after several days of
reduced intake and vomiting before presentation. Especially in elderly and frail
patients, ER is associated with a high risk of mortality and morbidity.3
Initial decompression of the distended colon is an attractive approach to overcome the
risks of an ER. This allows for optimisation of the clinical condition of the patient, and
facilitates a laparoscopic resection with primary anastomosis. Colonic decompression
can be accomplished by either a stoma or placement of a self-expandable metal stent
(SEMS). SEMS as bridge to surgery (BTS) has been recommended as an alternative to
ER in the elderly and frail patients.4 However, the implementation of SEMS has been
hampered by uncertainty about long-term oncological risks, especially following SEMSrelated (micro-)perforation.5-7 In addition, stenting experience is not always available in
each centre.
Decompressing stoma (DS) has been the historical BTS approach before the SEMS era
and has recently regained popularity, likely due to the ongoing debate on oncological
safety of SEMS in the curative setting. In the Netherlands, the use of DS as BTS increased
from only 5% in 2009 to 23% in 2016, in line with the revised national colorectal cancer
guideline of 2014.2 However, quality of evidence supporting this recommendation was
low. Literature on DS as an alternative to ER for obstructing colon cancer is limited, with
most of the studies published before 1995.8 This lack of data might reflect the
infrequent use of DS, likely due to the need for a three-stage procedure to restore
bowel continuity and the difficulties in stoma care of emergency colostomies.
The aim of the current population-based study was to compare DS as BTS with ER using
propensity-score matching for patients with non-locally advanced LSOCC in the curative
setting with 90-day mortality as the primary outcome parameter.
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METHODS
Study design
A national, retrospective study was performed in the Netherlands as described in a
previous publication by the Dutch Snapshot Research Group (DSRG).2 All patients who
underwent resection of primary colon cancer with a left-sided location (splenic flexure,
descending colon or sigmoid) and with a registered obstruction between 2009 and 2016
were identified from a prospective, national, mandatory registry, the Dutch Colorectal
Audit (DCRA). Baseline characteristics, procedural parameters, and 30-day outcome
data were retrieved from this registry. Subsequently, all hospitals in the Netherlands
(N=77) were asked to extend the short-term outcomes with additional procedural and
long-term data through individual patient file review using a web-based tool for dataentry. Data collection was performed according to Dutch privacy regulations, and anonymised data were provided to the research team by Medical Research Data
Management (MRDM, Deventer, the Netherlands).
Under the supervision of consultant surgeons, surgical residents from each
participating hospital added the additionally requested data to the DCRA database
using the previously mentioned web-based tool. Subsequently, the supplied data was
checked for discrepancies and missing values by two independent research fellows,
where after these discrepancies were communicated back to the collaborators to recheck and complete the data.2
Study population
Patients were included if they had a symptomatic colonic obstruction with abdominal
distention, nausea and/or vomiting, and X-ray or computed tomography (CT) showed a
dilated colon with or without dilatation of the small bowel. The tumour had to be
proven malignant by histology and treated with either DS as BTS or ER.
Exclusion criteria were palliative treatment intent (as decided by the local multidisciplinary team), signs of bowel perforation on CT (free air), and locally advanced
tumour disease defined as a registered cT4 tumour stage, neoadjuvant treatment,
and/or multivisceral resection.
Outcomes and definitions
The primary outcome parameter was 90-day mortality, defined as death within 90 days
after resection of the primary tumour. The main secondary outcome parameters were
3-year overall survival and permanent stoma rate, the latter defined as the presence of
a stoma at the end of follow-up.
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Other outcomes included the number of laparoscopic resections, primary anastomoses,
90-day major complications (Clavien-Dindo score 3 of higher9), 3-year locoregional
recurrence, 3-year disease-free survival, total complication rate (related to DS,
resection, and post-resection presence of a stoma), and total hospital stay (related to
DS as BTS, resection, and any readmission).
Statistical analysis
Before propensity-score matching, categorical variables were presented as percentages
and compared with the X2-test or the Fishers’ exact test. Normally distributed
continuous variables were shown as means with standard deviations (SD) and compared with the Student’s t-test. Non-normally distributed variables were reported as
medians with interquartile ranges (IQR) and compared with the Mann-Whitney U test.
Missing data was imputed with R statistical software using the multiple imputation by
chained equations (MICE package). One-to-two nearest neighbor matching without
replacement was performed to balance baseline characteristics between the two
groups within a caliper of 0.25 logit of the standard deviation of the propensity-score.10
Propensity-score matching was performed according to the following baseline
characteristics: sex, age, BMI, ASA score, previous abdominal surgery, tumour location,
cM1 stage at presentation, length of the stenosis (on CT), year of resection, and pN
stage. Due to the paired nature of the data, outcomes were compared with conditional
logistic regression, with reporting of conditional odds ratios (cOR) and 95% confidence
intervals (CI). Kaplan-Meier survival curves were made, on which survival probabilities
were compared between the two treatment groups with Cox proportional hazards with
shared frailty. Subgroup analyses with stratification for age (< 70 versus ≥ 70 years), ASA
score (I-II versus III-IV), and primary tumour location (splenic flexure versus descending
colon or sigmoid) were performed for the main outcome parameters and displayed
using forest plots. A two-sided P-value <0.05 was considered significant. All analyses
were performed with R software version R3.3.2 (Matching and Frailtypack packages, R
Foundation for Statistical Computing, Vienna, Austria) and IBM SPSS Statistics, version
25.0 (IBM Corp Amonk, NY, USA).
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RESULTS
Patients and baseline characteristics
A total of 75 of 77 invited hospitals participated, leading to a registration of 3879
patients. After applying the exclusion criteria, 2048 eligible patients with non-locally
advanced LSOCC who underwent treatment with curative intent by either DS as BTS
(N=240) or ER (N=1808) were included. One-to-two propensity-score matching led to a
final inclusion of 236 DS and 472 ER patients (Figure 1; Supplementary Table 1). The
standardized mean difference was less than 10% for all baseline characteristics, except
for stenosis length (4.2 versus 4.4 cm; Table 1).
Procedural characteristics
Surgical treatment details are provided in Table 2 and Supplementary figure 1. More
resections were performed laparoscopically in the DS group (56.8% versus 9.2%,
p<0.001). More primary anastomoses were constructed after initial DS compared to ER
(88.5% versus 40.7%, p<0.001). Although stoma rate directly after resection was similar
(62.6% versus 66.2%, p=0.365), this stoma was less often an end-colostomy in the DS
group (6.0% vs 80.9%, p<0.001). Median hospital stay following resection was 6 days
(IQR 5-9) and 11 days (IQR 7-15) in the DS and ER groups, respectively (p<0.001).
Main outcomes
Ninety-day mortality was significantly lower after DS as BTS compared to ER (1.7%
versus 7.2%, p=0.006). In subgroup analysis (Supplementary figure 2), 90-day mortality
remained significantly different between DS and ER in patients of 70+ years (3.5%
versus 13.7%, p=0.027) and in patients with a tumour in the sigmoid or descending
colon (1.5% versus 7.2%, p=0.019).
Three-year overall survival was significantly higher after DS as BTS (HR 0.36 (0.20-0.65))
(Table 3, Figure 2). This difference remained significant in patients of 70+ years (HR 0.39
(0.21-0.73)), patients with an ASA score of I-II (HR 0.44 (0.23-0.84)), and patients with a
tumour in the sigmoid or descending colon (HR 0.36 (0.19-0.68)) (Supplementary figure
3). Permanent stoma rate was significantly lower after DS as BTS compared to ER (23.4%
versus 42.4%, p<0.001), also in patients with a minimum follow-up of 12 months (18.8%
versus 33.4%, p<0.001). In subgroup analysis (Supplementary figure 4), the difference
in permanent stoma rate between DS and ER remained significant in patients of 70+
years (21.3% versus 46.5%, p<0.001), patients with an ASA score of I-II (17.5% versus
30.4%, p=0.008), and patients with a tumour in the sigmoid or descending colon (19.3%
versus 35.8%, p=0.001).
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Patients identified from the Dutch Colorectal Audit 2009-2016
N = 4216
Registered patients in collaborative research project
N = 3879
Excluded (N = 726)
Total number of patients with left-sided
obstructing colon cancer
N = 3153

- No acute obstruction: N=670
- No resection: N=23
- Benign obstruction: N=17
- Palliative stent N=5
- Unknown patient: N=2
- Rectal cancer: N=4
- Date of surgery <2009: N=4
- Duplicate record: N=1
Excluded (N = 2579)

Patients undergoing ER or DS as BTS for
left-sided obstructive colon cancer
N = 2358

- Palliative intention: N=465
- Free air on CT: N=101
- SEMS as BTS: N=229

8

Excluded (N = 310)
Patients undergoing emergency
resection or DS as BTS for non-locally
advanced left-sided obstructive colon
cancer
N = 2048

Emergency resection
N = 1808

- cT4 tumour: N=108
- Multivisceral resection: N=187
- Neoadjuvant therapy: N=15

DS as BTS
N = 240
Propensity-score matching 2:1

Emergency resection
N = 472

DS as BTS
N = 236

Figure 1. Flowchart of patient selection.

CT = computed tomography; DS = decompressing stoma; BTS = bridge to surgery; SEMS = self-expandable
metal stent
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Male sex
Mean age in years (SD)
Mean BMI (SD)
ASA score 3-4
Prior abdominal
surgery
Tumour localisation

Splenic flexure

Descending colon
Sigmoid

pN stage

pN0

pN1
pN2

cM1 stage

Lung

Liver

Peritoneal
Other

Mean length of
stenosis in cm (SD)
Median cecal diameter
in cm (IQR)a
42 (17.5)
44 (18.3)
154 (64.2)
95 (39.6)
88 (36.7)
57 (23.8)
16 (6.7)
1 (0.4)
14 (5.8)
3 (1.3)
3 (1.3)
4.5 (2.0)
-

246 (13.6)
328 (18.1)
1234 (68.3)

828 (45.8)
648 (35.8)
332 (18.4)
165 (9.1)
20 (1.1)
130 (7.5)
25 (1.4)
25 (1.4)
4.4 (2.0)

-

Before PS matching
ER
DS as BTS
N = 1808 (%)
N = 240 (%)
960 (53.1)
149 (62.1)
70.2 (11.9)
68.5 (11.4)
26.0 (10.9)
25.0 (4.2)
612 (33.8)
53 (22.1)
549 (30.4)
88 (36.7)

Table 1. Baseline characteristics.

-

1.0

9.1

15.2

11.1

SMD
(%)
18.3
14.1
11.4
26.4
13.4

8.6 (7.4-10.0)

193 (41.1)
161 (34.3)
116 (24.7)
32 (7.0)
3 (0.7)
23 (5.0)
5 (1.1)
1 (0.4)
4.2 (1.8)

80 (16.9)
84 (17.8)
308 (65.3)

9.0 (7.8-10.0)

95 (40.4)
87 (37.0)
53 (22.6)
16 (6.8)
1 (0.4)
14 (5.9)
3 (1.3)
1 (0.2)
4.4 (1.9)

40 (16.9)
43 (18.2)
153 (64.8)

After PS matching
ER
DS as BTS
N = 472 (%)
N = 236 (%)
289 (61.2)
145 (61.4)
68.6 (12.3)
68.5 (11.4)
25.0 (3.8)
25.0 (4.1)
105 (22.3)
53 (22.5)
169 (35.9)
84 (35.6)

-

13.5

0.9

6.5

1.1

SMD
(%)
0.4
1.0
0.3
0.3
0.6
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149 (96.8)
164 (90.6)
236 (90.8)
270 (92.8)
269 (87.3)
301 (90.4)
233 (81.8)
185 (78.7)

5 (3.2)
17 (9.4)
24 (9.2)
21 (7.2)
39 (12.7)
32 (9.6)
52 (18.2)
50 (21.3)

Before PS matching
ER
DS as BTS
N = 1808 (%)
N = 240 (%)
SMD
(%)
43.5
14 (73.7)
22 (56.4)
41 (63.1)
50 (70.4)
70 (64.2)
108 (77.1)
88 (62.9)
79 (63.2)

5 (26.3)
17 (43.6)
24 (36.9)
21 (29.6)
39 (35.8)
32 (22.9)
52 (37.1)
46 (36.8)

After PS matching
ER
DS as BTS
N = 472 (%)
N = 236 (%)
SMD
(%)
0.1

PS = propensity-score; ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; SMD = standardized mean difference;
SD = standard deviation, BMI = body mass index, ASA = American Society of Anesthesiologists; a Not used for propensity score matching,
therefore only reported for patients included after matching (ER versus DS as BTS: p=0.127); b Percentage of row instead of column total

Year of resectionb

2009

2010

2011

2012

2013

2014

2015

2016

Table 1. Continued.
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209

210

Median time from first presentation to ER/DS in days (IQR)
Type of DS

Double loop
Blowhole

Location of DS
Double loop

Ileum

Ascending colon

Transverse colon

Descending colon
Blowhole

Ileum

Ascending colon

Transverse colon

Descending colon
Surgical approach for DS
Double loop

Laparoscopy or laparotomy**

Trephine method
Blowhole

Laparoscopy or laparotomy**
Trephine method

Median time from DS to resection in days (IQR)
Laparoscopic resection

1.0 (0.0-2.0)
189/216 (87.5)
27/216 (12.5)
18/189 (9.5)
1/189 (0.5)
162/189 (85.7)
8/189 (4.2)
3/26 (11.5)*
5/26 (19.2)
14/26 (53.8)
4/26 (15.4)
69/181 (38.1)
112/181 (61.9)
8/26 (30.8)
18/26 (69.2)
31.0 (20.0-47.5)
134/236 (56.8)

43/469 (9.2)

DS as BTS
N = 236 (%)

1.0 (1.0-3.0)

ER
N = 472 (%)

11.64

-

-

-

-

1.00

cOR

Table 2. Procedural characteristics and short-term treatment outcomes within 90 days after resection.

7.25-18.68

-

-

-

-

0.99-1.01

95% CI

<0.001

-

-

-

-

0.998

P-value
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Surgical procedure

Sigmoid resection

Left hemicolectomy

Subtotal colectomy

Extended left hemicolectomy

Combined sigmoid resection and right hemicolectomy
Transverse colectomy

Completeness of resection

R0

R1
R2

Median number of lymph nodes harvested (IQR)

Median number of positive lymph nodes harvested (IQR)
Angio-invasion

Extramural venous invasion

Lymphatic invasion

Intramural venous invasion
Primary anastomosis
Stoma in situ directly after tumour resection
Type of stoma in situ directly after tumour resection

Diverting ileostomy

End ileostomy

Diverting colostomy

End colostomy

Table 2. Continued.
cOR

0.83
1.22
0.97
3.33
0.03
1.00
0.80
1.19
2.00
1.03
0.99
1.10
0.89
1.53
2.00
9.42
0.86
1.51
0.61
116.93
0.03

DS as BTS
N = 236 (%)
135/236 (57.2)
79/236 (33.5)
16/236 (6.8)
5/236 (2.1)
0/472 (0.0)
1/236 (0.4)
226/235 (96.2)
8/235 (3.4)
1/235 (0.4)
17.0 (13.0-23.0)
1.0 (0.0-3.0)
74/220 (33.6)
46/220 (20.9)
25/220 (11.4)
3/220 (1.4)
208/235 (88.5)
147/235 (62.6)
21/133 (15.8)b
6/133 (4.5)
98/133 (73.7)
8/133 (6.0)

291/472 (61.7)
139/472 (29.4)
33/472 (7.0)
3/472 (0.6)
4/472 (0.8)
2/472 (0.4)
451/465 (97.0)
13/465 (2.8)
1/465 (0.2)
15.0 (11.0-20.0)
1.0 (0.0-4.0)
144/460 (31.3)
106/460 (23.0)
35/460 (7.6)
3/460 (0.7)
191/469 (40.7)
307/464 (66.2)
31/299 (10.4)a
18/299 (6.0)
8/299 (2.7)
242/299 (80.9)

ER
N = 472 (%)

0.80-2.86
0.19-1.97
16.26-841.04
0.01-0.09

0.35-1.86
0.49-2.88
0.13-31.98
1.01-1.05
0.95-1.04
0.78-1.56
0.59-1.32
0.87-2.68
0.40-9.91
5.93-14.94
0.62-1.19

0.60-1.14
0.86-1.72
0.52-1.84
0.80-13.95
0.00-156.43
0.09-11.03

95% CI

0.208
0.410
<0.001
<0.001

0.251
0.268
0.935
0.099
0.411
1.000
0.557
0.608
0.701
0.624
0.001
0.729
0.584
0.547
0.137
0.396
<0.001
0.365

P-value
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212
11.0 (7.0-15.0)
174/464 (37.5)
70/464 (15.1)
19/191 (9.9)
27/470 (5.7)
13/447 (2.9)
55/453 (12.1)
54/452 (11.9)
22/450 (4.9)
10/453 (2.2)
179/464 (38.6)
70/464 (15.1)
66/464 (14.2)
34/468 (7.3)
215/465 (46.2)
6.0 (4.0-8.0)

ER
N = 472 (%)
7.0 (5.0-11.0)
6/211 (2.8)
7.0 (5.0-11.0)
6.0 (5.0-9.0)
20/221 (9.0)
55/233 (23.6)
20/233 (8.6)
7/208 (3.4)
4/234 (1.7)
5/225 (2.2)
24/227 (10.6)
9/227 (4.0)
7/227 (3.1)
2/227 (0.9)
70/223 (31.4)
21/234 (9.0)
23/216 (10.6)
4/236 (1.7)
102/232 (44.0)
5.0 (4.0-7.0)

DS as BTS
N = 236 (%)
0.92
0.50
0.53
0.27
0.28
0.82
0.92
0.27
0.59
0.39
0.72
0.56
0.78
0.23
0.92
0.88

cOR
0.89-0.94
0.34-0.72
0.31-0.89
0.09-0.80
0.10-0.81
0.28-2.41
0.55-1.54
0.12-0.57
0.25-1.41
0.08-1.85
0.51-1.03
0.33-0.93
0.47-1.30
0.08-0.65
0.66-1.27
0.76-1.00

95% CI
<0.001
<0.001
0.017
0.018
0.018
0.724
0.743
0.001
0.236
0.238
0.069
0.027
0.347
0.006
0.609
0.056

P-value

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; IQR = interquartile range; cOR = conditional odds ratio; CI = confidence interval; * Location of
decompressing stoma unknown in 1 patient; ** Laparoscopy and laparotomy not separately registered; a Type of stoma in situ directly after tumour resection missing for 8
emergency resection patients; b Type of stoma in situ directly after tumour resection missing for 14 decompressing stoma patients; c Without readmissions; d Combination of
complications following BTS and < 90 days after resection; e Reinterventions within the BTS interval or < 90 days after resection solely due to complications, excluding
complications related to the stoma in situ after resection and excluding stoma reversals

Median hospital stay during BTS interval (IQR)

Directly after DS without readmissions (IQR)

Readmission during BTS interval
Including readmissions during BTS interval (IQR)

Median hospital stay in days directly after resectionc (IQR)
DS-related complications during bridging interval
Resection-related complications within 90 days

Major resection-related complications

Anastomotic leakage

Abscess (intra-abdominal)

Fascia dehiscence

Wound infection

Post-operative ileus

Gastroparesis

Bleeding
90-day complication rated

Major complications
90-day reintervention ratee
90-day mortality
Adjuvant chemotherapy
Median time from resection until start of adjuvant
chemotherapy in weeks (IQR)

Table 2. Continued.
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Median FU in months (IQR)
Permanent stoma at time of last FU

In patients with a minimum FU of 12 months
Median total hospital stay in days (IQR)a
Total complication rate – entire follow-upb
Related to stoma after resection

Parastomal hernia

Incisional hernia

Stoma prolapse

Stoma necrosis

Ileus caused by stoma

Dehydration

High output

Stoma dehiscence

Stoma stricture
Reinterventions – entire follow-up

Including stoma reversalc
Excluding stoma reversald

Locoregional recurrence

Anastomotic

Locoregional lymph node(s)

Peritoneal metastasis

Unknown

Table 3. Long-term treatment outcomes.
cOR
1.01
0.44
0.45
1.03
1.04
1.61
1.74
2.20
18.41
0.02
0.62
1.41
1.58
0.02
0.02
2.02
1.18
1.00

DS as BTS
N = 236 (%)
26.0 (14.0-47.5)
55/235 (23.4)
36/192 (18.8)
15.0 (11.0-23.0)
103/225 (45.8)
43/147 (29.3)
11/133 (8.3)
11/131 (8.4)
17/132 (12.9)
0/132 (0.0)
2/131 (1.5)
2/132 (1.5)
5/132 (3.8)
0/132 (0.0)
0/132 (0.0)
131/223 (58.7)
48/218 (22.0)
31/230 (13.5)
7/31 (22.6)
1/31 (3.2)
20/31 (64.5)
3/31 (9.7)

25.5 (11.0-40.0)
197/465 (42.4)
115/344 (33.4)
11.0 (8.0-17.0)
210/464 (45.3)
63/307 (20.5)
11/276 (4.0)
9/266 (3.4)
1/277 (0.4)
10/274 (3.6)
3/275 (1.1)
3/272 (1.1)
13/273 (4.8)
11/272 (4.0)
7/274 (2.6)
199/466 (42.7)
96/465 (20.6)
60/456 (13.2)
17/60 (28.3)
2/60 (3.3)
34/60 (56.7)
7/60 (11.7)

ER
N = 472 (%)

1.44-2.83
0.79-1.76
0.63-1.58

1.00-1.02
0.41-0.62
0.29-0.71
1.01-1.05
0.75-1.44
0.95-2.73
0.62-4.87
0.72-6.73
2.39-141.90
0.00-14.20
0.06-7.00
0.09-23.57
0.42-5.99
0.00-8.30
0.00-105.11

95% CI

<0.001
0.421
0.984

0.064
<0.001
<0.001
<0.001
0.805
0.078
0.291
0.166
0.005
0.237
0.697
0.809
0.500
0.198
0.378

P-value
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213

214
ER
N = 472 (%)
90/455 (19.8)
35/90 (38.9)
19/90 (21.1)
1/90 (1.1)
1/90 (1.1)
2/90 (2.2)
29/90 (32.2)
3/90 (3.3)
16.4
50
146
58.1
162
135
73.3
102
157

DS as BTS
N = 236 (%)
48/232 (20.7)
26/48 (54.2)
3/48 (6.3)
0/48 (0.0)
0/48 (0.0)
2/48 (4.2)
16/48 (33.3)
1/48 (2.1)
14.1
25
78
63.3
68
69
79.4
33
82
0.72-1.59

-

-

95% CI

1.07

cOR

<0.001

0.170

0.860

0.735

P-value

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; IQR = interquartile range; FU = follow-up; cOR = conditional odds ratio; CI = confidence interval;
a
Combination of hospital stay during BTS interval including readmissions and hospital stay after resection including readmissions; b Combination of complications following
BTS and resection including stoma-related complications occurring after resection during entire follow-up; c Reinterventions within the BTS interval or after resection due to
complications and/or stoma reversal during entire follow-up; d Reinterventions within the BTS interval or after resection solely due to complications during entire follow-up,
excluding stoma reversal

Distant metastases

Liver

Lung

Brain

Distant lymph node

Other

Combination

Unknown
3-year locoregional recurrence (%)

Number of events after 36 months of FU

Number of patients at risk after 36 months of FU
3-year disease-free survival (%)

Number of events after 36 months of FU

Number of patients at risk after 36 months of FU
3-year overall survival (%)

Number of events after 36 months of FU

Number of patients at risk after 36 months of FU

Table 3. Continued.
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Disease-free survival

2A

P-value from frailty analysis: 0.170

Number at risk
Decompressing stoma
Emergency resection

Time in months
222
446

175
335

117
233

81
172

61
95

100
204

73
117

Overall survival

2B

P-value from frailty analysis: <0.001

Time in months
Number at risk
Decompressing stoma
Emergency resection

228
463

203
369

140
279

Figure 2. Disease free (2A) and overall survival (2B) for decompressing stoma as bridge
to surgery versus emergency resection of left-sided obstructive colon cancer
(propensity-score matched sample).
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Other outcomes
In the DS group, significantly lower rates were found for post-resection complications
(cOR 0.50), major complications (cOR 0.56), anastomotic leakage (cOR 0.27), intraabdominal abscess (cOR 0.28), and post-operative ileus (cOR 0.27) (Table 2).
During complete follow-up, total hospital stay was longer in the DS group with a median
of 15 days (IQR 11-23) versus 11 days (IQR 8-17) (p<0.001). Total complication rate did
not significantly differ between the DS and ER groups (45.8% and 45.3%, p=0.805).
Reinterventions were more often performed in the DS group (58.7% versus 42.7%,
p<0.001), due to more stoma reversals. No significant differences were found for 3-year
locoregional recurrence and 3-year disease-free survival (Table 3, Figure 2).

DISCUSSION
This population-based, propensity-score matched comparison between initial decompression of malignant colonic obstruction by a stoma followed by elective resection and
immediate resection of the primary tumour in the acute setting revealed a lower 90day mortality after DS, which translates into a better overall survival. In subgroup
analyses, these observed differences between the two treatment strategies could be
largely attributed to elderly patients (≥ 70 years). In addition, permanent stoma rate
was lower after DS.
The primary aim of colonic decompression by SEMS or DS and delayed resection is to
reduce postoperative mortality. Only one randomised trial comparing DS with ER has
been performed so far, including 121 patients between 1978 and 1993.11 No difference
in mortality was found. Meta-analysis of eight comparative studies published until 2015
resulted in an OR of 0.77 for mortality after DS compared to ER, but this was not
significant (95% CI 0.3-1.96).8 Although initial meta-analyses of non-randomised comparisons between SEMS as BTS and emergency surgery suggested a benefit regarding
postoperative mortality in favour of SEMS,12 this was not confirmed in subsequent
meta-analyses including randomised trials.13
The present study demonstrated that DS effectively reduced the risk of mortality similar
to a level as can be expected from primary elective colon cancer surgery (1.7%). The
magnitude of the observed difference in mortality compared to ER was larger (cOR
0.50) than found in the meta-analysis by Amelung et al. (OR 0.77),8 and translated into
better overall survival. Of important clinical implication is that reduced mortality and
improved survival are particularly seen in patients ≥ 70 years. The impact was similar
and non-significant in both ASA 1-2 and ASA 3-4 patients with wide confidence intervals.
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ASA classification has been suggested to be less accurate in the emergency setting.14
Interestingly, treatment strategy did not have a statistical impact on the main outcome
parameters if the primary tumour was located in the splenic flexure, although this might
be related to lack of power. Tumours in the splenic flexure are generally more difficult
to approach surgically, but this does not seem to be a satisfactory explanation.
DS had almost been abandoned in the Netherlands, since there was no convincing
evidence of any advantage over ER, and because these stomas are at high risk of
prolapse. Furthermore, it was wrongly assumed that stoma closure always needs an
additional intervention. However, restoration of continuity can already be achieved
during resection in one third of patients (two-stage).2 Constructing the DS close to the
tumour location enables resection of the tumour and stoma site in one segment,
thereby omitting a second anastomosis. The meta-analysis by Amelung et al. already
showed a lower permanent stoma rate for DS as BTS, which is confirmed by the present
study.8 Double loop stomas can be more easily closed than the often-constructed end
colostomies after ER. Another benefit of a DS is its low surgical complexity in the
emergency setting, especially a blowhole. Because of scarce literature, it is difficult to
recommend either double loop or blowhole DS.15,16
Kronborg et al.11 showed a non-significant trend towards lower morbidity for DS
(p=0.19), being in line with the current study. However, the DS was constructed via a
full midline laparotomy instead of a minimally invasive Trephine method, which might
explain the non-significant result besides lack of statistical power. Furthermore, none
of the subsequent elective resections were performed laparoscopically at that time,
with half the duration of the bridging interval, and without perioperative care according
to ERAS principles.11
In contrast to short-term morbidity, total complication rate did not differ between the
two groups in the current study. This might be explained by the non-significant trend
towards more stoma-related complications after resection in the DS group with more
stoma prolapses (12.9% versus 0.4%, p=0.005).
This study supports the Dutch guideline recommendation of 2014 and justifies the
observed increase in the use of DS at a national level. ER still seems a valid option in
patients below 70 years, but should be avoided in the elderly. The difference in stoma
rate, as well as most of the other outcome parameters, indicates that DS should be the
preferred intervention in patients over 70 years presenting with LSOCC. SEMS might be
considered an alternative for DS based on a previously published comparison of these
two bridging strategies from our group, provided that the lesion is considered eligible
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for stenting, sufficient stenting experience is available, and patients are well informed.16,17 SEMS as BTS results in the lowest risk of having a stoma at any time during
treatment. However, a non-significant trend towards better overall survival for DS
compared to SEMS was observed.16
Limitations of the current study include its retrospective nature with a subsequent risk
of missing data and selection bias. The degree of colonic distention might have
influenced treatment choice regarding DS or ER. Motivation for either DS or ER could
not be retrieved in 41% and 52% of patients, respectively. Whether surgery was performed during the evening or night-time hours was unknown, neither the expertise of the
surgeon. Several surgical details were missing, such as splenic flexure mobilization, level
of vascular ligation, anastomotic testing, and how stomas were reversed. In addition,
our choice of variables for propensity-score matching might have influenced our results.
Residual confounding by factors not taken into account might be present, and
propensity-score matching may result in the loss of a considerable number of patients.
However, only four patients in the DS group were excluded after matching, suggesting
that at most small pre-treatment differences were present between DS and ER patients.
Furthermore, only patients who underwent tumour resection are included in the DCRA.
DS patients who received subsequent palliative care or died during the bridging interval
were therefore not included in this study. This might have resulted in a too optimistic
outcome in the DS group. In a consecutive series of DS by Amelung et al., 146 patients
underwent DS of whom 61 with palliative intent and 85 as BTS in the curative setting.18
Mortality of only DS was 4/61 (6.6%) and of DS as BTS 2/85 (2.4%), resulting in an overall
mortality of 4.1%. However, death within 30 days after only DS is likely occurring in
palliative patients, and palliative intention of treatment was excluded in the present
study in both the DS and ER groups. Finally, data on survival should be interpreted with
caution as median follow-up was relatively short.
In conclusion, the current study revealed that initial colonic decompression by a stoma
transformed high-risk acute surgery into minimally invasive restorative resections in a
substantial proportion of patients, with corresponding benefits in outcome. Despite
propensity-score matching, results might have been influenced by residual confoundding.
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SUPPLEMENTARY CONTENT

Decompressing stoma
N = 236

Primary anastomosis
N = 208

No primary anastomosis
N = 27a

New stoma constructed
during tumour resection
N = 13

Original DS left in situ as an
end-ostomy
N = 14

Stoma reversal during
follow-up
N=3

Stoma reversal during
follow-up
N=4

Stoma at end of follow-up
N = 9b

Stoma at end of follow-up
N = 10

8

Supplementary figure 1. Flowchart of decompressing stoma patients without a
primary anastomosis.

DS = decompressing stoma; a In 1 DS patient, it was unknown if a primary anastomosis was constructed;
b In 1 patient, it was unknown if he/she had a stoma in situ at the end of follow-up
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Favours DS as BTS Favours ER

Supplementary figure 2. Ninety-day mortality stratified for age, ASA score, and
tumour location (propensity-score matched sample).

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; cOR = conditional odds ratio;
CI = confidence interval; ASA = American Society of Anesthesiologists

Favours DS as BTS Favours ER

Supplementary figure 3. Overall survival stratified for age, ASA score, and tumour
location (propensity-score matched sample).
ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; HR = hazard ratio;
CI = confidence interval; ASA = American Society of Anesthesiologists
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Favours DS as BTS Favours ER

Supplementary figure 4. Permanent stoma rate in patients with a minimum follow-up
of 12 months, stratified for age, ASA score, and tumour location (propensity-score
matched sample).

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; cOR = conditional odds ratio;
CI = confidence interval; ASA = American Society of Anesthesiologists

Favours DS as BTS Favours ER

Supplementary figure 5. Disease-free survival stratified for age, ASA score, and
tumour location (propensity-score matched sample).
ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; HR = hazard ratio;
CI = confidence interval; ASA = American Society of Anesthesiologists
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Favours DS as BTS Favours ER

Supplementary figure 6. Post-resection complications stratified for age, ASA score,
and tumour location (propensity-score matched sample).

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; cOR = conditional odds ratio;
CI = confidence interval; ASA = American Society of Anesthesiologists

Favours DS as BTS Favours ER

Supplementary figure 7. Total complication rate stratified for age, ASA score, and
tumour location (propensity-score matched sample).

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery; cOR = conditional odds ratio;
CI = confidence interval; ASA = American Society of Anesthesiologists
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Supplementary table 1. Motivation for either emergency resection or decompressing
stoma as bridge to surgery.

Motivation for decompressing stoma as BTS
Estimated operative risk too high
No specialised surgeon available for emergency
resection
Hospital protocol
Preference treating physician, no motivation
registered
Other
Missing
Motivation for emergency resection
Clinical condition of the patient allowed ER
BTS not performed in this hospital
According to national guidelines
Preference treating physician, no motivation
registered
Other
Missing

ER
N = 472 (%)

DS as BTS
N = 236 (%)

-

71/232 (30.6)
2/232 (0.9)

-

46/232 (19.8)
94/232 (40.5)

-

19/232 (8.2)
4/232 (1.7)

174/446 (39.0)
3/446 (0.7)
18/446 (4.0)
232/446 (52.0)

-

19/446 (4.3)
26/446 (5.8)

-

8

ER = emergency resection; DS = decompressing stoma; BTS = bridge to surgery
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ABSTRACT
Previous meta-analyses on palliative treatment of malignant colorectal obstruction
with Self-Expandable Metal Stent (SEMS) or emergency surgery reported contradictory
results for morbidity, and frequently included extracolonic obstruction. Therefore, the
current meta-analysis aimed to exclusively analyse palliative treatment for primary
obstructive colorectal cancer, with early complication rate as a primary outcome. A
systematic literature search was performed on studies comparing palliative SEMS and
emergency surgery. Corresponding authors were contacted for additional data.
Eighteen studies were selected (1518 patients). Early complication rate was 13.6% for
SEMS and 25.5% for emergency surgery (Odds Ratio (OR) 0.46, 95% confidence interval
(CI) 0.29-0.74). Mortality was 3.9% and 9.4% (OR 0.44, 0.28-0.69). Stomas were present
in 14.3% and 51.4% of patients (OR 0.17, 0.09-0.31). More late complications occurred
after SEMS (23.2% versus 9.8%, OR 2.55, 1.70-3.83), mostly due to SEMS obstruction.
In conclusion, SEMS placement seems the preferred treatment of obstructing colorectal
cancer in the palliative setting.
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INTRODUCTION
Colorectal cancer is a common malignancy worldwide with approximately 20% of
patients diagnosed with disseminated disease at presentation. The majority of these
patients are treated with palliative intent.1 Acute colonic obstruction might be the
initial presentation of stage IV colorectal cancer, or can develop during the course of
the disease.2
Patients are often in a poor clinical condition due to multiple days of reduced food
intake and weight loss. Given the patients’ limited expected life span and the desire to
proceed to systemic chemotherapy as soon as possible, resection of the primary
tumour may be of questionable benefit. Alternatively, a decompressing stoma can be
constructed, but this may never be reversed with potential deteriorated quality of life
as a result.3 Furthermore, complications related to emergency surgery might delay start
of systemic therapy. As an alternative to emergency surgery, self-expandable metal
stent (SEMS) placement has been introduced as a minimally invasive decompressing
intervention in patients with bowel obstruction. It has been suggested that SEMS placement results in lower mortality and morbidity rates and a lower chance of having a
stoma compared to emergency surgery in the palliative setting.4,5 In contrast to the
curative setting, the oncological concerns about SEMS with a potentially increased risk
of recurrent disease are not relevant if performed as a palliative procedure.6
Several meta-analyses on palliative SEMS and emergency surgery have been published,
with considerable heterogeneity of both inclusion criteria and results.7-10 Patients with
extracolonic malignancies and colorectal cancer were often analysed in one group,
while several studies have shown lower technical and clinical success rates of SEMS for
extracolonic malignancy.11-16 No distinction was made between acute and subacute
obstructions in these reviews, despite the fact that the European guideline discourages
prophylactic stenting. Furthermore, most meta-analyses are relatively outdated, and
the most recent one exclusively included randomised controlled trials (RCT) with a total
of only 125 patients.8
Therefore, the aim of the current systematic review and meta-analysis was to compare
SEMS placement and emergency surgery as palliative treatment for bowel obstruction
solely caused by colorectal cancer, with early complication rate as primary outcome
measure. Sensitivity analyses were conducted for type of study, year of publication,
type of surgery, and urgency of obstruction.
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METHODS
This systematic review was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.17
Search strategy
With the aid of a clinical librarian, a systematic literature search was performed in
MEDLINE (PubMed), EMBASE, the Cochrane Library, and Web of Science for studies
comparing SEMS with emergency surgery as palliative treatment in patients with
obstructive colorectal carcinoma (Supplementary text). The final search was performed
on January 29th 2020.
Inclusion and exclusion criteria
Inclusion criteria were comparative studies in which patients were included with 1)
acute or imminent large bowel obstruction, 2) caused by colorectal cancer, 3) located
on either the left or right side, 4) treated with palliative intention, and 5) with data
available on at least early complication rate. Exclusion criteria were studies in which
patients were included with 1) an extracolonic malignancy without separate results on
patients with a colonic obstruction caused by colorectal cancer, 2) a benign cause of
large bowel obstruction without separate results on patients with colorectal cancer, 3)
non-comparative studies, 4) age < 18 years, 5) animal studies, 6) studies not written in
English, and 7) conference abstracts, reviews, letters, comments, and case reports.
Data extraction
Titles, abstracts, and subsequent full-text articles were independently scanned for
eligibility by the first two reviewers (JV and DU). Discrepancies were resolved through
discussion, and in case of any doubt resolved with the senior author (JvH). References
of finally included articles were checked manually for additional studies.
Outcomes
The primary outcome was early complication rate. Secondary outcomes included
technical success of SEMS, clinical success in decompressing the colon, major early
complication rate, 30-day and/or in-hospital mortality, stoma formation, hospital stay,
interval to start or continuation of systemic therapy, late complication rate, major late
complication rate, survival, quality of life, and treatment costs.
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Definitions
Early complication rate included any complication occurring within 30 days after the
first intervention, occurring either before or after discharge. Late complication rate
included any complication occurring after 30 days. Major early and late complications
were defined as complications requiring a surgical, endoscopic, or radiological
reintervention. Technical success was defined as correct positioning of the stent,
confirmed by either endoscopy or imaging. Clinical success was defined as clinical
evidence of intestinal transit or passage of flatus or stools after the initial procedure.
Request letters
In case any of the outcomes were not reported in the included studies, the correspondding authors were contacted by e-mail and requested to deliver these data. In addition,
for studies in which the emergency surgery group also consisted of decompressing
stoma procedures, separate data were requested on decompressing stoma patients for
subgroup analyses. Request letters were also sent to the authors of RCTs that were
initially not eligible for the current study. All extracted data from the original
publications supplemented with the requested data were used for statistical analysis.
Methodological quality assessment
Quality assessment was performed by two independent reviewers (JV and DU)
according to The Oxford Centre for Evidence-Based medicine Levels of Evidence.18 Nonrandomised articles were evaluated using The New-Castle-Ottawa Quality Assessment
Scale for cohort studies.19 RCTs were screened according to the guidelines of the
Cochrane Collaboration20 for potential bias by random sequence generation, allocation
concealment, blinding of outcome assessment, blinding of participants, selective
reporting, assessment of incomplete data outcome, and other potential sources of bias.
In order to evaluate publication bias, a funnel plot of our primary outcome was
created.21,22
Statistical analysis
Odds Ratios (ORs) and weighted mean differences (MD) were calculated for dichotomous and continuous variables, respectively, both with 95% confidence intervals
(95% CI), and outcomes below 1 favouring SEMS. Heterogeneity was assessed using
the I2 statistic (I2-value of ≥ 50% represented significant heterogeneity). A randomeffects model was used for analyses, considering the variability of surgical techniques
and populations between the included studies. Sensitivity analyses for the primary
outcome were performed based on study type (RCTs and prospective observational
cohort studies versus retrospective studies), year of publication (< 2014 versus ≥ 2014),
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type of emergency surgery (only decompressing stoma, only resection, or all types of
surgery combined), and urgency of the obstruction (subacute, also reported as
‘imminent’ in literature, acute or unspecified).
A two-tailed P value < 0.05 was considered statistically significant. Data analysis was
performed with Review Manager (RevMan version 5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014) and MedCalc version 18.5 (MedCalc Software).

RESULTS
Study selection
The literature search yielded 1874 studies, of which 18 comparative studies with a total
of 1588 patients remained for analysis (Figure 1). On request, Suarez et al.1 delivered
separate data for emergency procedures from a combined dataset with elective
surgery. The 18 studies included 3 RCTs,23-25 two prospective observational studies,26,27
and 13 retrospective studies.1,4,5,28-37 Within two of the included studies, 64 patients
were excluded due to elective procedures1 and six patients because of extracolonic
cancer,37 leaving 1518 patients for final analyses. No studies were excluded due to
methodological flaws (Supplementary tables 1 and 2). An overview of study characteristics is presented in Table 1. In one of the included studies, cases and controls were
matched.30 On request, the authors of six of the included studies delivered additional
data that were initially missing, including Suarez et al.1,4,5,30,31,37
Early complication rate
Pooled proportions of early complications were 13.6% (95% CI 7.7-20.9) and 25.5%
(95% CI 18.3-33.4) for SEMS and emergency surgery, respectively (Table 2). Reported
early complications after SEMS were migration (n=20), perforation (n=15), and reobstruction (n=14) (Supplementary table 3). In the surgery group, short-term
complications included anastomotic leakage (n=9), post-operative ileus (n=20), and
infectious (n=28), pulmonary (n=29), cardiac (n=7), thrombo-embolic (n=8), and other
complications (n=22). Meta-analysis revealed significantly fewer early complications for
SEMS than emergency surgery patients (OR 0.46, 95% CI 0.29-0.74, p=0.001) (Figure
2A). Significant heterogeneity among the studies was found (I2 = 48%, p=0.01). A funnel
plot of early complication rate (Figure 3) did not suggest significant publication bias. If
only major early complications were analysed, no significant difference between SEMS
and emergency surgery was found (OR 0.85, 95% CI 0.46-1.55, p=0.59, I2 = 0%, p=0.45)
(Supplementary figure 1).1,4,5,24,25,30-33,35,37
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Records identified through database search
(PubMed, EMBASE, the Cochrane Library &
Web of Science)
n = 1874

Additional records identified through
other sources
n=2

Eligibility

Records screened on title and abstract
n = 1014

Full text articles assessed for eligibility
n = 52

Inclusion

Screening

Records after duplicates removed
n = 1014

Studies included for analysis
n = 18

Records excluded
n = 962

Full text articles excluded
n = 34
No palliative patients = 6
No separate results on palliative patients = 7
No SEMS as intervention = 2
No separate results on SEMS = 6
No comparison to emergency surgery = 3
Extracolonic obstruction = 5
Early complication rate not reported = 5
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Figure 1. PRISMA flowchart of study selection.

Sensitivity analysis for early complication rate
Sensitivity analysis of the primary outcome measure is shown in Supplementary table
4. Prospective studies23-27 revealed an OR of 0.59 (95% CI 0.14-2.57, p=0.59) and
retrospective studies1,4,5,28-37 an OR of 0.43 (95% CI 0.26-0.72, p=0.001). Studies
published before 20141,4,23,24,26,27,31-34,36,37 resulted in fewer early complications for
SEMS (OR 0.42, 95% CI 0.24-0.75, p=0.003). This difference in early complication rate
was not statistically significant when only including studies published ≥ 2014 (OR 0.53,
95% CI 0.21-1.35, p=0.19).5,25,28-30,35. Non-significantly lower early complication rates
were found after SEMS than after both decompressing stoma5,24,28,31,37 and emergency
resection.25,30,34,35 Studies combining all types of surgery did reveal significantly fewer
early complications in the SEMS group (OR 0.44, 95% CI 0.26-0.73, p=0.002, I2 = 25%,
p=0.22). Sensitivity analyses on urgency of obstruction revealed similar ORs in favour of
SEMS (Supplementary table 4, Supplementary table 5), but only statistically significant
in studies without a clear definition of obstruction (OR 0.35, 95% CI 0.16-0.76, p=0.009,
I2 = 48%, p=0.07).1,4,27,29,31,32,34
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Reference
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Table 1. Study characteristics.

Retrospective

RCT

Retrospective

Retrospective

Retrospective

Retrospective

Retrospectivea

RCT

Study design

88

22

71

114

105

95

345

33

N

2000-2008

2001-2003

2005-2013

2003-2012

1999-2015

2004-2015

2009-2013

2013-2019

Data
extraction

SEMS
ES

SEMS
DS

SEMS
DS

SEMS
ES

SEMS
ES

SEMS
ER

SEMS
DS

SEMS
ER

Group

36
52

11
11

50
21

73
41

69
36

19b
76b

172
173

16
17

n

22 (61.1)
27 (51.9)

6 (54.5)
7 (63.6)

31 (62.0)
11 (52.4)

48 (65.8)
22 (53.7)

40 (58.0)
18 (50.0)

11 (57.9)
44 (57.9)

90 (52.3)
87 (50.3)

9 (56.3)
8 (47.1)

Male (%)

60.3 (38-84)c
62.6 (37-84)c

77.2l
76l

76.2 (10.6)
74.1 (12.1)

67.3 (12.7)
64.3 (16.0)

63 (NR)
58 (NR)

80.3 (8.8)
79.9 (8.4)

70.9 (16.8)
69.9 (14.4)

77 (1.7)
72 (2.6)

Mean age, y
(SD)

17 (47.2)
41 (78.8)

10
10

7 (31.8)f
6 (28.6)

64 (87.7)
34 (82.9)

NR
NR

13 (68.4)
52 (68.4)

NR
NR

NR
NR

I-II

ASA score (%)

19 (52.8)
11 (21.2)

1e
1e

15 (68.2)f
15 (71.4)

9 (12.3)e
7 (17.1)e

NR
NR

6 (31.6)
24 (31.6)

NR
NR

NR
NR

III-IV

306i

NR
NR

296.3 (59.7)
290.9 (75.7)

349.0
(188.0)
570.8
(375.6)

235.6
(115.5)
316.1
(198.6)

150 (120)
NR

NR
NR

291 (126)m

Mean
follow-up, d
(SD)

Wallflex (% NR)
Wallstent (% NR)
Ultraflex (% NR)
Evolution (% NR)
Hanarostent (% NR)
Precision Stent
System Microvasive;
Boston Scientific Co.
A self-expandable
nitinol stent
(Taewoong)

Hanarostent (% NR)
Bonastent
(% NR)

Wallstent (% NR)
WallFlex (% NR)

WallFlex (47.4%)
Wallstent (36.8%)
Evolution (15.8%)

Precision Stent,
System Microvasive;
Boston Scientific Co.
NR

Stent type

Anterior and low
anterior resection
(42.3%)
Abdominoperineal
resection or Hartmann
(38.5%)
Hemicolectomy
(19.2%)

Colostomy (100%)

Decompressing
colostomy or
ileostomy (100%)
Right hemicolectomy
(86.8%)
Transversectomy
(13.2%)
Right colectomy with
anastomosis (66.7%)
Right colectomy
without anastomosis
(33.3%)
Resection with
anastomosis (68.3%)
Bypass (12.2%)
Decompressing stoma
(9.8%)
Hartmann (9.8%)
Decompressing
colostomy or
ileostomy (100%)

Resection (100%)

Type of surgery

Chapter 9

Suarez 2010

Vemulapalli
2010

Faragher
2008
van Hooft
2008

10

11

12

13

Lee HJ 2011

9

Reference

The
Netherlands

Australia

USA

Spain

Korea

Country

Table 1. Continued.

RCT

Retrospective

Retrospective

Retrospective

Retrospective

Study design

21

55

123

34

144

N

2004-2006

1998-2006

2002-2008

2000-2008

2000-2008

Data
extraction

SEMS
ES
SEMS
ES

SEMS
ES

SEMS
ES

SEMS
ES

Group

29
26
11
10

53
70

10
24

71
73

n

17 (58.6)
16 (61.5)
4 (36.4)
7 (70.0)

30 (56.6)
40 (57.1)

8 (80.0)
11 (45.8)

47 (66.2)
47 (64.4)

Male (%)

5 (7.0)e
3 (4.1)e

2 (67.0)
13 (65.0)

1 (33.0)j
7 (35.0)k

NR
NR

NR
NR
NR
NR

74.0 (11.1)
71.8 (11.2)

61.0 (37-92)c
57.0 (23-81)c

70.0 (44-95)c
67.0 (33-90)c
61.5 (12.9)
67.8 (12.3)

NR
NR
NR
NR

NR
NR

III-IV

64.1 (14.4)
62.0 (10.5)

66 (93.0)
70 (95.9)

ASA score (%)

I-II

Mean age, y
(SD)

Wallstent
WallFlex

346.3
(430.1)
271.6
(329.2)

Wallstent (% NR)
WallFlex (% NR)

Hanarostent

Wallflex (% NR)
Comvi (% NR)
Niti-S (% NR)

Stent type

NR

NR

NR
NR

288.9
(304.2)g
294.9
(267.9)g

Mean
follow-up, d
(SD)

Resection (% NR)
- With primary
anastomosis: n=6
Decompressing
colostomy (% NR)

Resection with
anastomosis (49.3%)
Resection without
anastomosis (39.7%)
Bypass (11.0%)
Resection (% NR)
Hartmann (% NR)
Decompressing stoma
(% NR)
Bypass (% NR)
Exploratory
laparotomy (% NR)
Right hemicolectomy
(24.5%)d
Left hemicolectomy
(2.0%)
Extended left
hemicolectomy (2.0%)
Partial colectomy
(10.2%)
Subtotal colectomy
(4.1%)
Diverting ostomy
(34.7%)
End ostomy (16.3%)
NR

Type of surgery
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236

Ptok 2006

Carne 2004

Tomiki 2004

Law 2003

15

16

17

18

China

Japan

New
Zealand

Germany

France

Country

Prospective

Retrospective

Retrospective

Prospective

Retrospective

Study design

61

29

44

76

58

N

1997-2002

1996-2002

1997-2002

1999-2005

1996-2005

Data
extraction

SEMS
ES

SEMS
DS

SEMS
ES

SEMS
ES

SEMS
ES

Group

30
31

14
15

25
19

38
38

31
27

n

20 (66.7)
20 (64.5)

5 (35.7)
7 (46.7)

13 (52.0)
12 (63.2)

19 (50.0)
23 (60.5)

15 (48.4)
15 (55.6)

Male (%)

71.0 (15.2)
66.8 (12.4)

67.0 (17.7)
61.7 (15.5)

64.3 (13.0)
68.0 (9.2)

75.3 (11.5)
71.0 (8.4)

68.3 (14.4)
66.3 (10.8)

Mean age, y
(SD)

NR
NR

6 (42.9)
10 (66.7)

6 (24.0)
9 (47.4)

2 (5.0)h
7 (18.4)

26 (83.9)
21 (77.8)

I-II

ASA score (%)

NR
NR

8 (57.1)
5 (33.3)

19 (76.0)
10 (52.6)

38 (95.0)h
31 (81.6)

5 (16.1)
6 (22.2)

III-IV

104.7
(111.6)
174.0
(205.3)
NR
NR

159.3
(157.2)
137.3
(168.2)

NR
NR

NR
NR

Mean
follow-up, d
(SD)

Enteral Wallstent in
majority of patients

Esophageal
noncovered SEMS
(Ultraflex)

Wallstent (% NR)
Choo-Stent (% NR)
Memotherm (% NR)
Ultraflex (% NR)
Wallstent

Wallstent (% NR)
WallFlex (% NR)
Hanarostent (% NR)

Stent type

Primary resection with
anastomosis (51.6%)
Hartmann (22.6%)
Decompressing
colostomy (22.6%)
Bypass (3.2%)

Segmental colectomy
with anastomosis
(51.9%)
Decompressing stoma
(29.6%)
Subtotal colectomy
with ileorectal
anastomosis (7.4%)
Hartmann (7.4%)
Bypass (3.7%)
Resection (50.0%)
Decompressing stoma
(39.5%)
Bypass (10.5%)
Defunctioning stoma
(36.8%)
Resection without
anastomosis (26.3%)
Resection with
anastomosis (21.1%)
Exploratory
laparotomy (10.5%)
Bypass (5.3%)
Decompressing loop
colostomy (100%)

Type of surgery

DS = decompressing stoma; ER = emergency resection; ES = emergency surgery; SEMS = self-expandable metal stent; ES = emergency surgery; SD = standard deviation; NR = not reported; a Retrospective analysis of
prospective database with ICD-codes; b Matched cohort; c Mean (range); d Type of surgery reported for only 49 of 70 patients, therefore shown percentages are based on a total of 49; e No ASA 4 patients; f ASA class
unknown in 28 stent patients; g Median (standard deviation); h In this study, sum of reported ASA scores results in 40 stent patients, although rest of the baseline characteristics are reported based on 38 stent
patients.

Karoui 2007

14

Reference

Table 1. Continued.

Chapter 9

Abelson 2017

Amelung 2017

Siddiqui 2017

Ahn 2016

Fernandes 2016

Fiori 2012

Lee WS 2012

Lee HJ 2011

Suarez 2010

Vemulapalli 2010

Faragher 2008

van Hooft 2008

Karoui 2007

Ptok 2006

Carne 2004

Tomiki 2004

Law 2003

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

SEMS
DS
SEMS
DS
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
DS
SEMS
DS
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
DS
SEMS
ES

Group

16
17
172
173
19
76
69
36
73
41
50
21
11
11
36
52
71
73
10
24
53
70
29
26
11
10
31
27
38
38
25
19
14
15
30
31

N
1/16 (6.3)
0/17 (0.0)
0/172 (0.0)a
14/173 (8.1)a
9/19 (47.4)
37/76 (48.7)
5/69 (7.2)
11/36 (30.5)
10/73 (13.7)
8/41 (19.5)
9/50 (18.0)b
3/21 (14.3)b
0/11 (0.0)
1/11 (0.9)
7/36 (19.4)a
14/52 (26.9)a
11/71 (15.5)
24/73 (32.9)
2/10 (20.0)
5/24 (20.8)
4/53 (8)
21/70 (30)
2/29 (6.9)
14/26 (53.8)
4/11 (36.4)
2/10 (20.0)
6/31 (19.4)
11/27 (40.7)
0/38 (0.0)
12/38 (31.6)
1/25 (4.0)
2/19 (10.5)b
6/14 (42.9)
4/15 (26.7)
7/30 (23.3)
10/31 (32.3)

Early complication (total)
n/N (%)
0/16 (6.3)
0/17 (0.0)
0/172 (0.0)
NR
4/19 (21.1)
10/76 (13.2)
3/69 (4.3)
3/36 (8.3)
NR
NR
9/50 (18.0)
1/21 (4.8)
0/11 (0.0)
1/11 (0.9)
NR
NR
5/71 (7.0)
6/73 (8.2)
0/10 (0.0)
2/24 (8.3)
4/53 (8)
NR
2/29 (6.9)
5/26 (19.2)
2/11 (18.2)
NR
0/31 (0.0)
2/27 (7.4)
0/38 (0.0)
NR
1/25 (4.0)
2/19 (10.5)
2/14 (14.3)
0/15 (0.0)
NR
NR

Early complication (major)
n/N (%)

Late complication (major)
n/N (%)
0/16 (0.0)
0/17 (0.0)
NR
NR
NR
NR
NR
NR
19/73 (26.0)
2/41 (4.9)
9/50 (18.0)
0/21 (0.0)
3/11 (27.3)
0/11 (0.0)
NR
NR
13/71 (18.3)
6/73 (8.2)
NR
0/24 (0.0)
8/53 (15.1)
NR
2/29 (6.9)
0/26 (0.0)
5/11 (45.5)
NR
4/31 (12.9)
1/27 (3.7)
7/38 (18.4)
NR
3/25 (12.0)
1/19 (5.3)
2/14 (14.3)
0/15 (0.0)
NR
NR

Late complication (total)
n/N (%)
0/16 (0.0)
0/17 (0.0)
NR
NR
NR
NR
14/69 (20.3)
4/36 (11.1)
20/73 (27.4)
4/41 (9.8)
9/50 (18.0)b
3/21 (14.3)b
3/11 (27.3)
2/11 (18.2)
NR
NR
24/71 (33.8)
13/73 (17.8)
2/10 (20.0)
0/24 (0.0)
11/53 (22.6)
6/70 (8.6)
9/29 (31.0)
0/26 (0.0)
5/11 (45.5)
2/9 (22.2)
5/31 (16.1)
2/27 (7.4)
11/38 (28.9)
NR
3/25 (12.0)
1/19 (5.3)
5/14 (35.7)
3/15 (20.0)
NR
NR

0/16 (0.0)
0/17 (0.0)
11/172 (6.4)c
22/173 (12.7)c
3/19 (15.8)
9/76 (11.8)
0/69 (0.0)
2/36 (5.6)
0/73 (0.0)
2/41 (4.9)
7/50 (14.0)
6/21 (28.6)
0/11 (0.0)
0/11 (0.0)
0/36 (0.0)
0/52 (0.0)
0/71 (0.0)
3/73 (4.1)
0/10 (0.0)
2/24 (8.3)
0/53 (0.0)c
6/70 (8.6)c
1/29 (3.4)
5/26 (19.2)
2/11 (18.2)
0/10 (0.0)
0/31 (0.0)
1/27 (3.7)
0/38 (0.0)
2/38 (5.3)
1/25 (4.0)
4/19 (21.1)
3/14 (21.4)
3/15 (20.0)
4/30 (13.3)c
8/31 (25.8)c

30-day mortality
n/N (%)

NR
NR
NR
NR
150 (120)
NR
NR
NR
209 (318.2)
349 (444.3)
296.3 (59.7)
290.9 (75.7)
332.8 (152.8)
321.5 (143.1)
228 (394.9)
477 (833.3)
327 (799.6)
390 (562.4)
270 (442.1)
238.8 (201.6)
299.7 (339.5)
181.7 (215.3)
420d
330d
110.7 (240.5)e
134 (284.7)e
411d
342d
410 (229.2)
481.8 (337.8)
162.2 (159.6)
140.3 (171.4)
104.7 (111.6)
174 (205.3)
107e
119e

Survival, d
Mean (SD)

DS = decompressing stoma; ER = emergency resection; ES = emergency surgery; SEMS = self-expandable metal stent; ES = emergency surgery; SD = standard deviation; NR = not reported; a Procedural complications; b
Early complication rate in decompressing stoma patients only: 2/7 (28.6%); c In-hospital mortality, 30-day mortality not reported; d Median; e Hospital-free survival in good health during the first year after inclusion
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1

Reference

Table 2. Morbidity, mortality, and survival for SEMS versus emergency surgery in the palliative setting.

Palliative SEMS or emergency surgery: a systematic review and meta-analysis

237

9

Chapter 9

Clinical success
A total of 10 studies reported on clinical success following SEMS (n=406) or emergency
surgery (n=400) (Table 3).5,24,27,29-31,33,35-37 Pooled clinical success rate was 93.9% (95%
CI 85.8-98.7) for SEMS and 97.1% (95% CI 93.3-99.3) for emergency surgery. This
difference was not significant in meta-analysis (OR 0.52, 95% CI 0.23-1.18, p=0.12, I2 =
0%, p=0.48) (Figure 2B).
Mortality
All studies reported on mortality, leading to a pooled mortality rate within 30 days or
in-hospital of 3.9% (95% CI 1.7-6.9) after SEMS versus 9.4% (95% CI 6.1-13.3) in patients
who underwent emergency surgery, which reached statistical significance (OR 0.44,
95% CI 0.28-0.69, p<0.001, I2 = 0%, p=0.64) (Figure 2C). Separate analyses including
only studies reporting on in-hospital mortality26,28,36 revealed an OR of 0.43 (95% CI
0.23-0.81, p=0.009, I2 = 0%, p=0.56).
Presence of a stoma
Eleven studies reported on the presence of a stoma, either being constructed as a
decompressing intervention or during follow-up (388 SEMS versus 405 emergency
surgery patients).1,4,5,26,29-34,37 Fewer stomas were present in the SEMS group if compared to the emergency surgery group: pooled proportions of 14.3% (95% CI 10.0-19.3)
versus 51.4% (95% CI 34.6-68.0) with an OR of 0.17 (95% CI 0.09-0.31, p<0.001) (Figure
2D). However, significant heterogeneity existed among the studies (I2 = 49%, p=0.03).
When only resection was analysed as type of emergency surgery,30,34 stoma rate
remained significantly lower in the SEMS group (OR 0.28, 95% CI 0.10-0.74, p=0.01, I2 =
0%, p=0.41, figure not shown).
Hospital stay
Seventeen studies reported on hospital stay,1,4,5,23-36 of which 12 were included in the
meta-analysis (Table 3, Figure 2E).1,4,5,23-28,32,33,36 Pooled durations of hospital stay were
8 days (95% CI 6-10) and 15 days (95% CI 12-17) for SEMS and emergency surgery,
respectively. The MD was -6.30 (95% CI -8.30, -4.29) in favour of SEMS compared to
emergency surgery (p<0.001), but with severe heterogeneity among the studies (I2 =
92%, p<0.001).
Chemotherapy and time to chemotherapy
In total, 9 studies reported on start of chemotherapy (165 SEMS versus 198 emergency
surgery patients) (Table 3, Figure 2F).1,5,23-25,30,32-34 Pooled chemotherapy rate was
70.4% (95% CI 49.2-87.8) after SEMS and 69.5% (95% CI 46.4-88.3) after emergency
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surgery, with an OR of 0.99 (95% CI 0.62-1.60, p=0.97, I2 = 7%, p=0.37). Four studies
reported on time from the initial procedure to chemotherapy,29,32-34 of which 2 could
be included for meta-analysis (Table 3, Figure 2G). 32,33 Pooled time intervals to start or
continuation of chemotherapy were 19 days (95% CI 13-26) and 37 days (95% CI 24-50)
with a MD of -16.99 in favour of SEMS (95% CI -22.70,-11.29, p<0.001, I2 = 14%, p=0.28).
Late complication rate
A total of 13 studies reported on late complication rate (463 SEMS versus 389 emergency surgery patients) (Table 2).1,4,5,23-25,29,31-33,35-37 Pooled proportions of late
complications were 23.2% (95% CI 17.8-29.1) and 9.8% (95% CI 5.9-14.4) for SEMS and
emergency surgery, respectively. Reported late complications after SEMS were reobstruction (n=77), migration (n=32), and perforation (n=23) (Supplementary table 6).
In the surgery group, late complications included post-operative ileus (n=6),
enterocutaneous fistula (n=2), incisional hernia (n=4), and other complications (n=15).
SEMS patients were more likely to have a late complication than emergency surgery
patients (OR 2.55, 95% CI 1.70-3.83, p<0.001, I2 = 0%, p=0.92) (Figure 2H). The risk of
major late complications was also significantly higher in the SEMS group (OR 3.93, 95%
CI 2.00-7.72, I2 = 0%, p=0.94) (Supplementary figure 2).4,5,24,25,29,31-33,37

Figure 2A. Forest plot of early complications.

Figure 2B. Forest plot of clinical success.
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Figure 2C. Forest plot of mortality.

Figure 2D. Forest plot of stoma formation.

Figure 2E. Forest plot of mean hospital stay in days.

Figure 2F. Forest plot of chemotherapy.

240

Palliative SEMS or emergency surgery: a systematic review and meta-analysis

Figure 2G. Forest plot of mean time to chemotherapy in days.

Figure 2H. Forest plot of late complications.

9

Figure 2I. Forest plot of mean survival in days.

Figure 3. Funnel plot of early complication rate for assessment of publication bias.
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Fiori 2019

Abelson 2017

Amelung 2017

Siddiqui 2017

Ahn 2016

Fernandes 2016

Fiori 2012

Lee WS 2012

Lee HJ 2011

Suarez 2010

Vemulapalli 2010

Faragher 2008

1

2

3

4

5

6

7

8

9

10

11

12

Reference

SEMS
DS
SEMS
DS
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
DS
SEMS
DS
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES

Group

16
17
172
173
19
76
69
36
73
41
50
21
11
11
36
52
71
73
10
24
53
70
29
26

n

NR
NR
NR
NR
18/19 (94.7)
76/76 (100.0)
62/69 (89.9)
36/36 (100)
72/73 (98.6)
41/41 (100)
50/50 (100)
21/21 (100)
11/11 (100)
11/11 (100)
35/36 (97.2)
NR
68/71 (95.8)
73/73 (100)
10/10 (100)
NR
50/53 (94.3)
70/70 (100)
29/29 (100)
NR

Technical
success
n/N (%)
NR
NR
NR
NR
18/18 (100)
76/76 (100.0)
54/62 (87.1)
36/36 (100)
68/73 (93.2)
39/41 (95.1)
30/50 (60.0)
17/21 (81.0)
11/11 (100)
11/11 (100)
35/35 (100)
NR
68/68 (100)
73/73 (100)
8/10 (80.0)
NR
50/50 (100)
70/70 (100)
NR
NR

Clinical success
n/N (%)
4.0 (1.4)
9.8 (2.6)
10 (7.5)
13.3 (8.2)
10.3 (11.2)
NR
3.5a
8a
11.9 (3-57)b
18.5 (9-42)b
14.9 (11.6)
7.3 (4.3)
2.6 (0.8)
8.0 (1.0)
7.2 (3-29)b
12.3 (6-36)b
13.2 (9.2)
24.4 (9.7)
8.9 (5.3)
16.7 (11.3)
7.3 (5.1)
15.3 (8.7)
7.0 (4.4)
44 (35.1)

Hospital stay, d
Mean (SD)
NR
NR
NR
173/173 (100)
0/19 (0.0)
16/76 (21.1)
NR
NR
13/73 (17.8)
10/41 (24.4)
11/50 (22.0)
21/21 (100)
NR
11/11 (100)
6/36 (16.7)
20/52 (38.5)
13/71 (18.3)
37/73 (50.7)
0/10 (0.0)
4/24 (16.7)
5/53 (9.4)
NR
4/29 (13.8)
12/26 (46.2)

Stoma formation
n/N (%)
16/16 (100)
17/17 (100)
NR
NR
3/19 (15.8)
24/76 (31.6)
NR
NR
53/73 (72.6)
32/41 (78.0)
17/39 (34.7)
6/21 (28.6)
9/11 (81.8)
9/11 (81.8)
36/36 (100)
52/52 (100)
49/71 (69.0)
54/73 (74.0)
4/10 (40.0)
14/24 (58.3)
NR
NR
NR
NR

Chemotherapy
n/N (%)

Time to start or
continuation of
chemotherapy, d
Mean (SD)
NR
NR
NR
NR
NR
NR
NR
NR
10.4 (1-133)b
50.7 (7-267)b
NR
NR
NR
NR
8.1c
21.7c
16.2 (17.9)
31.5 (16.2)
NR
NR
NR
NR
NR
NR

Table 3. Technical success, clinical success, hospital stay, stoma formation, and chemotherapy for SEMS versus emergency surgery in the
palliative setting.
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Karoui 2007

Ptok 2006

Carne 2004

Tomiki 2004

Law 2003

14

15

16

17

18

SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
DS
SEMS
ES

Group

11
10
31
27
38
38
25
19
14
15
30
31

n

9/11 (81.8)
NR
30/31 (96.8)
NR
38/40 (95.0)
38/38 (100)
22/25 (88.0)
19/19 (100)
14/14 (100)
15/15 (100)
29/30 (96.7)
NR

Technical
success
n/N (%)
NR
NR
30/30 (100)
NR
38/38 (100)
38/38 (100)
21/22 (95.5)
18/19 (94.7)
12/14 (85.7)
12/15 (80.0)
29/29 (100)
NR

Clinical success
n/N (%)
7.8 (9.8)
11.2 (9.5)
14.0 (9.3)
22.0 (11.3)
2.0 (0.5)
10.3 (1.9)
4 (1-19)b
10.4 (1-27)b
NR
NR
9.0 (6.4)
17.3 (10.5)

Hospital stay, d
Mean (SD)

Chemotherapy
n/N (%)
9/11 (90.0)
6/10 (60.0)
22/31 (71.0)
16/27 (59.3)
0/38 (0.0)d
0/38 (0.0)d
5/25 (20.0)
NR
NR
NR
NR
NR

Stoma formation
n/N (%)
NR
NR
2/31 (6.5)
10/27 (37.0)
NR
NR
2/25 (8.0)
12/19 (63.2)
4/14 (28.6)
15/15 (100)
4/30 (13.3)
15/31 (48.4)

Time to start or
continuation of
chemotherapy, d
Mean (SD)
NR
NR
22.8 (13.9)
44.8 (25.5)
NR
NR
NR
NR
NR
NR
NR
NR

DS = decompressing stoma; ER = emergency resection; ES = emergency surgery; SEMS = self-expandable metal stent; ES = emergency surgery; SD = standard deviation;
NR = not reported; a Mean (standard deviation or range not provided); b Mean (range); c Median, no range or interquartile range provided; d Patients with palliative
chemotherapy were excluded from the study

van Hooft 2008

13

Reference

Table 3. Continued.
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Survival
Fifteen studies reported on survival,1,4,5,23,24,26,27,29-34,36,37 of which 10 were included in
the meta-analysis (Table 2, Figure 2I).1,5,24,27,29,31,33,34,36,37 Pooled mean survival rates
were 259 days (95% CI 197-321) after SEMS and 287 days (95% CI 225-348) following
emergency surgery. Meta-analysis revealed a MD of -15.09 (95% CI -63.40-33.22) with
a p-value of 0.54, without significant heterogeneity (I2 = 40%, p=0.09).
Quality of life and performance
Only one of the included studies reported on quality of life25 using the EQ-5D-FL
questionnaire (© EuroQol Group, Rotterdam, the Netherlands) and Karnofsky
performance scale for functional impairment. SEMS resulted in significantly better
quality of life than resection at one month, while quality of life was similar at 3 months,
and worse for SEMS than resection after 6 months. Karnofsky performance scale was
better after SEMS at 1 month, but without significant differences at 3 and 6 months.
Treatment costs
Only one study assessed treatment costs,28 but without clear definition. A median of
65.228 US dollars (IQR 35.340-107.119) was calculated for SEMS versus 73.662 US
dollars (IQR 43.919-122.269) for emergency surgery (p=0.06).

DISCUSSION
In contrast to previously published meta-analyses,7-10 the current meta-analysis
specifically focused on patients with obstruction caused by primary colorectal cancer in
the palliative setting. Based on 18 studies including three RCTs, early complication rate
after SEMS was 50% lower than after emergency surgery (OR 0.46), but with significant
heterogeneity among the studies, and without significant difference in major early
complications. Sensitivity analyses confirmed the favourable treatment effects
following SEMS in the different subgroups. Thirty-day or in-hospital mortality and
hospital stay were also in favour of SEMS. There was no difference in survival between
SEMS and emergency surgery. Surgery was associated with fewer late complications.
Fewer stomas were constructed in patients treated with SEMS.
Goals of palliative treatment of obstructive colorectal cancer essentially differ from the
curative setting. Important outcomes include the prevention of complications, avoiding
stoma formation, and limiting hospital stay, while survival is one of the main endpoints
in the curative setting. The Dutch Stent-in I trial was designed to show superiority of
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SEMS for imminent obstruction in the palliative setting, but inclusion was discontinued
in 2006, after 21 patients had been randomised. A high number of serious adverse
events in the non-surgical arm occurred, consisting of SEMS perforation in three of nine
patients.23 However, several studies afterwards, mostly dealing with acute obstruction,
have shown more favourable results. The present meta-analysis confirms the initial
hypothesis, showing that SEMS reduces the risk of short-term complications, avoids
stomas, and shortens hospital stay. These results are in line with two prior metaanalyses,9,10 but are in contrast to the meta-analyses by Ribeiro et al. and Liang et al.7,8
Both latter reviews included fewer patients and missed several eligible studies up to
2011.1,4,27,32 This might explain contradictory findings, besides neglecting the degree of
obstruction. Degree of obstruction was recently quantified by a Japanese group, who
developed the ColoRectal Obstruction Scoring System (CROSS).38 Within this scoring
system ranging from CROSS 0 to 2, a lower ability to eat soft solids results in a lower
CROSS score. A recently pooled, post-hoc analysis of two prospective observational
multicentre studies evaluated stricture degree in CROSS 0 (worse clinical state) versus
CROSS 1 or 2 patients treated with SEMS as BTS.39 Both clinical effectiveness and safety
of SEMS were similar between CROSS 0 and CROSS 1 or 2 patients. Current sensitivity
analysis was not able to show a significant impact of degree of obstruction on early
complications.
It is important to notice that the emergency surgery groups in most of the included
studies consist of both resection and decompressing stoma construction. However, a
decompressing stoma can be constructed with a minimal surgical intervention by just
making a small transverse incision in the upper abdomen, thereby avoiding a
laparotomy. This translates into different clinical outcomes, as has been shown in the
curative setting.40 For this reason, SEMS should actually be compared with a similar
surgical intervention that just aims to decompress the colon. In line with two previous
meta-analyses, no significant difference in early complication rate was found between
SEMS and decompressing stoma,7,10 but the OR does suggest that there still might be
an advantage of SEMS. A recent propensity-score matched study on SEMS versus
decompressing stoma in the curative setting did not reveal a clear preference and
suggested an RCT comparing both techniques.41
The role of resection of the primary tumour in stage IV colorectal cancer remains
controversial. Recent comparative studies, including a meta-analysis, suggested
improved survival after primary tumour resection.42,43 However, selection bias may
have influenced the results, and we have to await randomised studies.44 Until proven
otherwise, metastatic patients with an obstructing primary tumour should have the
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least invasive decompressing intervention to enable the earliest start of systemic
therapy possible, and preferably not an emergency resection.45
In contrast to fewer short-term complications, multiple meta-analyses reported more
long-term complications for SEMS than emergency surgery.7,9,10 This finding was
confirmed in the current meta-analysis. One might question the relevance of this
endpoint for the decision on the type of decompressing intervention in the emergency
setting, especially considering the differences in clinical impact between certain
complications. For example, stent migration can easily be managed with limited
consequences for the patient, while late perforation requiring surgery is a severe
complication. This requires a more balanced interpretation.
The substantial absolute difference in pooled short-term mortality between SEMS and
emergency surgery confirms findings in some of the meta-analyses published earlier.9,10
Liang et al.7 reported short-term mortality rates of 7.1% and 11.6%, respectively. In
contrast, the meta-analysis of Ribeiro et al.8 reported 30-day mortality rates of 6.3% for
SEMS and 6.4% for emergency surgery, but only based on small RCTs with predominant
subacute obstructions, and decompressing stoma as a surgical intervention.
In line with earlier results,8-10 a lower stoma rate was observed for SEMS than
emergency surgery patients, also when solely analysing studies on SEMS versus
emergency resection. Stoma formation might negatively influence quality of life, which
is especially important in the palliative setting.46 In a small RCT on SEMS (n=16) versus
resection (n=17) for subacute obstruction, quality of life was better after SEMS at 1
month, but better after resection at 6 months using the EQ-5D-5L questionnaire.25
Many re-obstructions observed after 30 days in the SEMS group may have contributed
to this observation. However, the results of this small trial should be interpreted with
caution.
Several limitations of the current meta-analysis must be taken into account. First,
positive studies are more likely to be published, resulting in publication bias. However,
visual inspection of the funnel plot suggested the absence of publication bias at least
for early complication rate. Furthermore, results might have been influenced by strict
inclusion criteria to increase homogeneity of the study populations. Only three RCTs
with small numbers of patients fulfilled our inclusion criteria. Therefore, current level
of evidence is almost exclusively based on cohort studies with all their inherent risks of
bias. Finally, the emergency surgery groups still consisted of a wide variety of surgical
procedures that may differ in invasiveness. Although an attempt was made to address
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this issue, separate analyses on SEMS versus decompressing stoma were hampered by
relatively few studies and patients.
In conclusion, the current systematic review and meta-analysis on palliative treatment
of colonic obstruction in patients with colorectal cancer suggests that SEMS results in
better short-term outcomes than emergency surgery, with fewer stoma constructions
and shorter hospital stay.
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In PubMed, the following search terms were used: ("Colorectal Neoplasms"[Mesh] OR
"Intestine, Large"[Mesh] OR large bowel[tiab] OR large intestine*[tiab] OR colon*[tiab]
OR colorectal[tiab] OR rectal[tiab] OR rectum[tiab]) AND ("Intestinal
Obstruction"[Mesh] OR obstruct*[tiab]) AND ("Stents"[Mesh] OR stent*[tiab]) AND
("Palliative Care"[Mesh] OR "Palliative Medicine"[Mesh] OR "Terminal Care"[Mesh] OR
"Terminally Ill"[Mesh] OR palliat*[tiab] OR incurab*[tiab] OR terminal*[tiab]) AND
english[Language]. Similar search terms were used for the Cochrane Library, EMBASE,
and Web of Science.

Supplementary table 1. Quality assessment of included randomised controlled trials
according to the Cochrane Collaboration.

9

251

252

Karoui 2007
Ptok 2006
Carne 2004
Tomiki 2004
Law 2003

11
12
13
14
15

R
P
R
R
P

R
R
R
R
R
R
R
R
R
R

Study
design






















Selection bias
Quality of
Selection of
cohort
non-exposed
cohort






























Data on
exposure


















Comparability


































Measurement bias
Outcome
FU
assessment
time


















FU
complete

 = low risk of bias (consistent with criteria);  = medium risk of bias (partly consistent with criteria);  = high risk of bias (not consistent with criteria); – = not applicable;
FU = follow-up; P = prospective; R = retrospective; NR = not reported

Abelson 2017
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Suarez 2010
Vemulapalli 2010
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1
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3
4
5
6
7
8
9
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Reference

Supplementary table 2. Quality assessment of included non-randomised studies using the Newcastle-Ottawa Scale.
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Abelson 2017

Amelung 2017

Siddiqui 2017

Ahn 2016

Fernandes
2016
Fiori 2012

Lee (WS) 2012

Lee (HJ) 2011

Suarez 2010

2

3

4

5

6

8

9

10

7

Fiori 2019

1

Reference

73

ES
10
24

41
50
21
11
11
36
52
71

ES
SEMS
DS
SEMS
DS
SEMS
ES
SEMS

SEMS
ES

73

19
76
69
36

16
17
172
173

N

SEMS

SEMS
ES
SEMS
ES

SEMS
DS
SEMS
DS

Group

2/10 (20.0)
5/24 (20.8)

24/73 (32.9)

8/41 (19.5)
9/50 (18.0)
3/21 (14.3)
0/11 (0.0)
1/11 (0.9)
7/36 (19.4)
14/52 (26.9)
11/71 (15.5)

10/73 (13.7)

9/19 (47.4)
37/76 (48.7)
5/69 (7.2)
11/36 (30.5)

Early
complication
n/N (%)
1/16 (6.3)
0/17 (0.0)
0/172 (0.0)
14/173 (8.1)

1 rectal bleeding which spontaneously resolved
NA
NA
Iatrogenic complications, bleeding, wound complications, surgical site infection (no. of patients
NR)
1 perforation, 3 migration, 5 re-obstruction
NR
2 perforation, 1 tumour outgrowth, 1 stool impaction, 1 hematochezia
4 wound infection, 1 anastomotic leak, 2 respiratory failure, 1 iatrogenic, 1 urinary
dysfunction, 2 death
3 migration, 2 inappropriate expansion, 1 tumour ingrowth, 1 fecal impaction, 2 perforation,
1 ileus
4 mild postoperative ileus, 3 anastomotic leakage, 1 pneumonia
NR
NR
NA
1 partial colostomy prolapse requiring surgical revision
NR
NR
4 perforation, 2 migration, 1 tumour outgrowth, 2 stool impaction, 1 inability to pass
guidewire, 1 DVT
2 pneumonia requiring IC, 2 pneumonia causing death, 1 pulmonary thromboembolism, 1
hepatic failure causing death, rest NR
1 wound infection, 1 NR
2 wound infection, 1 stoma retraction, 1 respiratory failure, 1 bowel perforation

Type of early complication

Supplementary table 3. Specification of early complications per study.
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van Hooft
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Karoui 2007

Ptok 2006

Carne 2004

Tomiki 2004

Law 2003

12

13

15

16

17

18

SEMS
ES
SEMS
ES
SEMS
DS
SEMS
ES

SEMS
ES
SEMS
ES
38
38
25
19
14
15
30
31

11
10
31
27

29
26

70

ES

SEMS
ES

53

N

SEMS

Group

0/38 (0.0)
12/38 (31.6)
1/25 (4.0)
2/19 (10.5)
6/14 (42.9)
4/15 (26.7)
7/30 (23.3)
10/31 (32.3)

4/11 (36.4)
2/10 (20.0)
6/31 (19.4)
11/27 (40.7)

2/29 (6.9)
14/26 (53.8)

21/70 (30)

Early
complication
n/N (%)
4/53 (8)

2 perforation causing peritonitis requiring Hartmann, 2 migration with re-obstruction requiring
new stent
7 wound infection, 4 anastomotic leakage, 2 myocardial infarction, 3 respiratory failure, 1
reobstruction, 1 spleen rupture, 2 DVT, 1 colon perforation, 5 other
1 perforation causing peritonitis requiring Hartmann, 1 myocardial infarction, 1 tenesmus
2 arrhythmia, 5 pneumonia, 4 atelectasis, 1 DVT and PE, 3 intra-abdominal sepsis, 1 wound
infection, 1 wound dehiscence, 1 ATN, 1 stroke, 1 ischaemic stoma requiring revision
2 perforation, 1 diarrhea, 1 pain
1 ICU admission, 1 postoperative ileus
5 migration, 1 minor colonic bleeding
1 anastomotic leakage, 1 abdominal wound abscess, 1 peristomal abscess, 2 intra-abdominal
collection, 4 small-bowel obstruction, 2 urinary tract infection, 2 chest infection, 1
phlebothrombosis
NA
NR
1 migration
2 deaths
2 anorectal pain, 1 migration, 2 minor bleeding, 1 re-obstruction
1 pneumonitis, 2 respiratory failure and liver failure, 1 peristomal bleeding
1 myocardial infarction, 1 perforation, 3 migration, 1 rectovesical fistula, 1 tenesmus
1 myocardial infarction, 1 heart failure, 1 arrhythmia, 2 respiratory failure, 3 pneumonia, 1
pulmonary embolism, 1 renal failure, 2 septicaemia, 1 wound infection, 1 limb embolism, 1
ARDS

Type of early complication

SEMS = self-expandable metal stent; ES = emergency surgery; DS = decompressing stoma; DVT = deep venous thrombosis; ATN = acute tubular necrosis; ARDS = adult respiratory
distress syndrome; NR = not reported; NA = not applicable
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Reference
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213
1305
755
763
499
321
675
220
829
469

12
6
5a,b
4a
9a
4
7
7

No. of
patients

5
13

No. of
studies

16/109 (14.7)
40/407 (9.8)
28/242 (11.6)

16/272 (5.9)
22/140 (15.7)
45/342 (13.2)

50/359 (13.9)
34/399 (8.5)

12/106 (11.3)
72/652 (11.0)

0.59
0.43
0.42
0.53
0.42
0.57
0.44
0.70
0.49
0.35

120/396 (30.3)
73/364 (20.1)
24/227 (10.6)
62/181 (34.3)
95/333 (28.5)
27/111 (24.3)
100/422 (23.7)
66/227 (29.1)

0.23-2.14
0.21-1.12
0.16-0.76

0.09-2.05
0.22-1.43
0.26-0.73

0.24-0.75
0.21-1.35

0.14-2.57
0.26-0.72

0.53
0.09
0.009

0.28
0.23
0.002

0.003
0.19

0.59
0.001

28
64
48

63
51
25

45
59

51
50

0.24
0.01
0.07

0.03
0.11
0.22

0.05
0.03

0.08
0.02

P-value

I2 (%)

P-value

OR

95% CI

Heterogeneity

Meta-analysis

25/107 (23.4)
168/653 (25.7)

Early complication
n/N (%)
SEMS
ES

SEMS = self-expandable metal stent; ES = emergency surgery; OR = odds ratio; CI = confidence interval; a Not included in meta-analysis: Faragher et al. (2008) as type of surgery
was not reported; b Carne et al. 2004 delivered separate data on decompressing stoma patients on request

Study type

Prospective
Retrospective

Year of publication

< 2014
≥ 2014

Type of emergency surgery

Only decompressing stoma

Only resection

All types of surgery
combined
Urgency of obstruction

Subacute

Acute

Unspecified

Stratification

Supplementary table 4. Sensitivity analyses on early complication rate.
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Supplementary table 5. Studies reporting on subacute or acute colorectal obstructions.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

256

Reference

Subacute, acute or unspecified obstruction
n/N (%)

Fiori 2019
Abelson 2017
Amelung 2017
Siddiqui 2017
Ahn 2016
Fernandes 2016
Fiori 2012
Lee (WS) 2012
Lee (HJ) 2011
Suarez 2010
Vemulapalli 2010
Faragher 2008
van Hooft 2008
Karoui 2007
Ptok 2006
Carne 2004
Tomiki 2004
Law 2003

Subacute
Acute
Acute
Acute
Unspecified
Acute
Subacute
Unspecified
Subacute
Unspecified
Acute
Unspecified
Subacute
Unspecified
Unspecified
Unspecified
Acute
Acute

Abelson 2017

Amelung 2017

Siddiqui 2017

Ahn 2016

Fernandes
2016
Fiori 2012

Lee (WS) 2012

Lee (HJ) 2011

Suarez 2010

2

3

4

5

6

8

9

10

7

Fiori 2019

1

Reference

73
41
50
21
11
11
36
52
71
73
10
24

ES
SEMS
ES

16
17
172
173
19
76
69
36

N

SEMS
ES
SEMS
DS
SEMS
DS
SEMS
ES
SEMS

SEMS
DS
SEMS
DS
SEMS
ES
SEMS
ES

Group

13/73 (17.8)
2/10 (20.0)
0/24 (0.0)

20/73 (27.4)
4/41 (9.8)
9/50 (18.0)
3/21 (14.3)
3/11 (27.3)
2/11 (18.2)
NR
NR
24/71 (33.8)

Late
complication
n/N (%)
0/16 (0.0)
0/17 (0.0)
NR
NR
NR
NR
14/69 (20.3)
4/36 (11.1)

NA
NA
NR
NR
NR
NR
1 perforation, 1 colonic ulcer leading to hematochezia, 8 tumour ingrowth, 4 migration
1 enterocuteaneous fistula, 1 anorectal abscess, 1 small bowel obstruction from adhesions, 1
ventral hernia
6 perforation, 10 tumour ingrowth, 2 tumour outgrowth, 2 migration
2 postoperative ileus, 2 intestinal obstruction
11 stent occlusion, 4 stent migration
1 stoma prolapse, 1 incisional hernia, 1 bleeding from the colostomy
3 stent obstruction
1 stoma prolapse, 1 skin inflammation around the stoma
NR
NR
5 perforation, 7 migration, 15 tumour outgrowth, 3 tumour ingrowth, 1 DVT, 1 intestinal
obstruction (conservative care)
NR
1 fecal impaction, 1 new stent required (reason NR)
NA

Type of late complication

Supplementary table 6. Specification of late complications per study.
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257

258

Faragher 2008

van Hooft
2008
Karoui 2007

Ptok 2006

Carne 2004

Tomiki 2004

Law 2003

12

13

15

16

17

18

SEMS
ES

30
31

29
26
11
10
31
27
38
38
25
19
14
15

70

ES

SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
ES
SEMS
DS

53

N

SEMS

Group

NR
NR

9/29 (31.0)
0/26 (0.0)
5/11 (45.5)
2/9 (22.2)
5/31 (16.1)
2/27 (7.4)
11/38 (28.9)
NR
3/25 (12.0)
1/19 (5.3)
5/14 (35.7)
3/15 (20.0)

6/70 (8.6)

Late
complication
n/N (%)
11/53 (22.6)

4 perforation with peritonitis, 4 reobstruction due to SEMS occlusion, 2 migration, 1
unspecified
1 enterocutaneous fistula, 1 small bowel obstruction from adhesions, 2 ventral hernia, 2
anorectal abscess
1 perforation, 1 obstruction, 3 tumour ingrowth, 4 migration
NA
4 perforation, 1 fecal impaction, 1 tumour ingrowth, 1 migration
1 cholangitis, 1 pneumothorax
2 perforation, 1 fecal impaction, 2 tumour ingrowth
1 stoma prolapse, 1 incisional hernia requiring reoperation
6 stent dislocation, 2 occlusion, 3 fracture
NR
1 stent migration, 2 tumour ingrowth requiring re-stenting
1 anastomotic leakage
3 anorectal pain, 1 migration, 2 minor bleeding, 1 fecal impaction, 3 obstruction, 2 abdominal
discomfort
2 abdominal discomfort, 1 peristomal bleeding
NR
NR

Type of late complication

SEMS = self-expandable metal stent; ES = emergency surgery; DS = decompressing stoma; DVT = deep venous thrombosis; NR = not reported; NA = not applicable

14

Vemulapalli
2010

11

Reference

Supplementary table 6. Continued.
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Supplementary figure 1. Meta-analysis on major early complication rate following
self-expandable metal stent versus emergency surgery in the palliative setting.

9

Supplementary figure 2. Meta-analysis on major late complication rate following
self-expandable metal stent versus emergency surgery in the palliative setting.
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SUMMARY
The results of this thesis underline that treatment of obstructive colon cancer remains
a challenge. Many patients are older and often in a deteriorated clinical condition.
Optimisation of treatment in the emergency setting is warranted. This thesis provides
several new insights in this patient population, with tools to provide better care.
Part I comprised several basic issues such as defining the population of interest,
practical advices for colonic SEMS placement and duration of the bridging interval to
elective resection, next to guidelines on left-sided obstructive colon cancer. Part II
addressed several comparisons of therapeutic strategies (SEMS, decompressing stoma
or emergency resection) for obstructive colon cancer.
Part I – Practical considerations and guidelines
Chapter 1 described a systematic review of 115 prospective studies, which aimed to
evaluate definitions of obstruction by colorectal cancer. The majority of studies did not
specify the urgency of the obstruction, and ‘acute’ was the main term in evaluable
studies. Forty-two studies (37%) provided a definition, and this proportion was similarly
low in the 16 randomised trials (31%). Provided definitions varied extensively. Most
studies incorporated clinical symptoms into their definition, including abdominal pain,
nausea, vomiting, and varying phrases describing issues with passing flatus or stool.
Required minimum duration of symptoms prior to first presentation varied from 12
hours up to 3 months. Authors predominantly combined clinical symptoms with
findings on radiological imaging. A consensus-based, uniform definition can contribute
to reduction of overtreatment of patients with subacute obstruction and to better
comparability of literature, and can facilitate in better defining patient populations for
the purpose of registries and clinical auditing.
Chapter 2 included a book chapter on practical considerations that can be helpful prior
to, during, and after colonic SEMS placement. Diagnosis and assessment of the patient’s
clinical condition with oncological prognostication were described along with their
relevance for colonic stenting in the curative and palliative care setting. Technical
details of SEMS were highlighted, such as its covering, length, diameter, and material.
Regarding the stenting procedure, treatment of ileus, antibiotic prophylaxis, bowel
preparation, sedation, and several technical aspects were discussed in detail. Finally,
problems that might be encountered following SEMS placement were outlined, of
which unsuccessful decompression and perforation were the most important to
mention.
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After initial enthusiasm regarding colonic SEMS placement as an alternative to
emergency resection, the premature closure of the Dutch Stent-in II trial fueled
concerns regarding its long-term oncological outcomes. In the Netherlands, the
concerns raised by the Stent-in II trial were the main reason for most hospitals in the
Netherlands to abandon SEMS placements as described in Chapter 3 based on a large
nationwide cohort study. Between 2012 and 2014, the national colorectal cancer
guideline was revised. This was the start of a new era in which bridging with either SEMS
or a decompressing stoma was recommended in patients at high operative risk, instead
of an emergency resection. The European Society of Gastrointestinal Endoscopy (ESGE)
published a guideline on colonic stenting in 2014, and similarly suggested to only
consider SEMS in patients with a high surgical risk (≥ 70 years and/or ASA score ≥ 3).
Subsequently, a national research network was built to evaluate guideline implementation in the CONSTRUCT registry. This network also initiated a national SEMS
training program in 2014 to re-introduce colonic stenting in the Netherlands. All these
activities raised awareness, and led to an increase in the use of SEMS and decompressing stoma as a bridge to surgery with a simultaneous decrease in emergency
resections. SEMS patients were older if treated after 2014, which is in line with the 2014
guideline. However, no trend reversals in either age or ASA score were observed for
emergency resection and decompressing stoma construction, respectively. As
guidelines usually take some time to be implemented, our inclusion of patients up to
2016 might have been too premature to draw definite conclusions.
Because of the increasing body of evidence about SEMS as a bridge to surgery, it was
decided to update the 2014 ESGE guideline on colonic stenting. This update was
provided in Chapter 4. An important change in the recommendations is related to the
indication for SEMS in the curative setting. SEMS can now be considered independent
from surgical risk within a shared decision-making process. All the pros and cons of
SEMS in this setting were clearly described based on the most up to date evidence.
Although little relevant literature was available, the guideline committee decided to
extend the recommended bridging interval from 5-10 days to approximately 2 weeks
after successful SEMS placement. In contrast to the 2014 version, a decompressing
stoma is now suggested as a valid alternative to SEMS. Furthermore, SEMS is recommended as the preferred treatment option in the palliative setting.
The literature gap on the duration of the bridging interval was addressed in Chapter 5,
where we tried to gain more clinical insight by analysing the previously mentioned large
nationwide dataset regarding this topic. Several bridging intervals between SEMS or a
decompressing stoma and subsequent elective resection were evaluated. In SEMS
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patients, an interval of 11-17 days resulted in non-significantly fewer resection-related
complications (25.0% versus 41.7%, p=0.174) than an interval of 5-10 days. Moreover,
more laparoscopically performed resections and shorter post-resection hospital stay
were observed. Almost 50% of all SEMS-related complications occurred in patients with
an interval of at least 17 days. Following a decompressing stoma, an interval of 14-28
days resulted in more laparoscopic resections (63.0% versus 28.6%, p=0.001), more
primary anastomoses (92.3% versus 75.0%, p=0.013), and shorter post-resection
hospital stay (median 7 versus 10 days, p=0.028) than when resection was performed
within 14 days. Length of the bridging interval did not impact overall survival or diseasefree survival. We concluded that a bridging interval of approximately 2 weeks should
be adhered to for SEMS, which in line with the updated ESGE guideline of 2020.
Following the construction of a decompressing stoma, an interval of 2-4 weeks was
suggested.
Part II – Comparing treatment options for obstructive colon cancer
The first three chapters of part II were based on the large national collaborative
research project that was also used for the last two chapters of part I. Within the
network of the Dutch Snapshot Research Group, a detailed electronic case report form
was filled out by the collaborators from each participating centre through review of
individual patient files. Patient selection was based on the Dutch Colorectal Audit
(DCRA), which already collected a minimal dataset of baseline characteristics and 30day outcome parameters. This project eventually resulted in a large amount of data on
several aspects of routine daily practice with relevant hospital variability in the
treatment of left-sided obstructive colon cancer.
Chapter 6 described heterogeneity in treatment effects, which is an important
methodological issue relevant for interpretation and extrapolation of observed
outcomes in clinical studies. Outcomes were compared between bridge to surgery with
either SEMS or a decompressing stoma and emergency resection within several predefined risk groups based on age, ASA score, and tumour stage. Benefits of bridge to
surgery techniques were most evident with assessment of permanent stoma rate. Age,
ASA score, and tumour stage all impacted permanent stoma rate to some extent,
although absolute risk reductions varied extensively between the different
stratification groups ranging from 9.5% in a priori low-risk patients (non-locally
advanced, < 70 years, ASA score 1-2) to 42.7% in a priori high-risk patients (locally
advanced, ≥ 70 years, ASA score 3-4). Regarding 30-day mortality, disease-free and
overall survival, risk reductions in all subgroups were observed following bridge to
surgery, although not reaching statistical significance. We concluded that substantial
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heterogeneity in treatment effects can be observed when comparing bridge to surgery
and emergency resection. Larger datasets are required to validate these results.
In Chapter 7, a propensity-score matched comparison of SEMS and a decompressing
stoma as a bridge to surgery was presented. The construction of a decompressing
stoma resulted in more primary anastomoses (86.0% versus 75.0%, p=0.02), more postresection stomas (66.9% versus 29.1%, p<0.001), fewer major complications (5.8%
versus 15.3%, p=0.02), and more interventions including stoma reversal (57.5% versus
28.2%, p<0.001). No significant differences in 3-year locoregional recurrence and 3-year
overall survival were observed when compared to SEMS. Notably, disease-free survival
tended to be slightly in favour of the decompressing stoma group, although not
reaching statistical significance. The findings of this study suggest that both bridging
techniques have their advantages and disadvantages. This indicates an important role
for shared decision-making in daily practice with a patient-tailored approach.
Chapter 8 included a propensity-score matched comparison of a decompressing stoma
as a bridge to surgery and emergency resection. Laparoscopic surgery was only
performed in a minority of patients in the emergency setting, while this is often the
surgical approach adhered to following a decompressing stoma (9.2% versus 56.8%,
p<0.001). A bridge to elective resection by a stoma also resulted in more primary
anastomoses (88.5% versus 40.7%, p<0.001), fewer major complications (9.0% versus
15.1%, p=0.027), and lower 90-day mortality (1.7% versus 7.2%, p=0.006). Also the longterm outcomes were significantly better after a decompressing stoma, consisting of
better 3-year overall survival (79.4% versus 73.3%, HR 0.36, 95% CI 0.20-0.65) and fewer
permanent stomas (23.4% versus 42.4%, p<0.001). Subgroup analyses revealed that the
advantages of a decompressing stoma remained statistically significant particularly in
patients ≥ 70 years, with lower 90-day mortality (3.5% versus 13.7%, p=0.027), fewer
permanent stomas (21.3% versus 46.5%, p<0.001), and better 3-year overall survival
(HR 0.39, 95% CI 0.21-0.73) compared to emergency resection.
Finally, Chapter 9 focused on palliative treatment of obstructive colon cancer based on
a systematic review and meta-analysis. Palliative SEMS was compared with emergency
surgery by either resection or a decompressing stoma. Based on pooled analysis of
randomised trials and comparative cohort studies, fewer early complications (13.6%
versus 25.5%, OR 0.46, 95% CI 0.29-0.74) were found for SEMS than for emergency
surgery. In addition, SEMS was associated with lower post-procedural mortality (3.9%
versus 9.4%, OR 0.44, 95% CI 0.28-0.69). Sensitivity analyses stratifying for type of
surgery showed fewer early complications for SEMS than a decompressing stoma and
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emergency resection, although not statistically significant. The only disadvantage of
SEMS in the palliative care setting was a higher rate of late complications (23.2% versus
9.8%, OR 2.55, 95% CI 1.70-3.83) when compared to emergency surgery, mostly
because of SEMS obstruction.
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DISCUSSION AND FUTURE PERSPECTIVES
The available literature on obstructive colon cancer is remarkably extensive.
Historically, outcomes after treatment for obstructive colon cancer have been relatively
poor. High postoperative mortality and stoma rates have had a large impact on
perceived quality of care from both a doctor and patient perspective. As a result, the
need is often felt to perform in-depth analyses of treatment outcomes, in order to
identify predictive factors for better patient selection and to look for alternative
treatment approaches and ways to optimise care for these high-risk patients. The
option of either a decompressing stoma or a colonic stent as an alternative to
emergency resection has made clinical decision-making quite complex, which has likely
contributed to the extensive set of publications on this topic.
Before the era of colonic stenting, clinical series mainly focused on different surgical
strategies. Following emergency resection of the primary tumour, either a primary
anastomosis with or without a diverting stoma was constructed, or an end colostomy
was created (Hartmann’s procedure). The only randomised controlled trial (RCT)
comparing two surgical options (two-stage versus three-stage surgery) was performed
in the 1990s.1 No differences in mortality and morbidity were found. However,
permanent stoma rate was lowest in the three-stage group. A systematic review by
Breitenstein et al. in 20072 revealed a significantly lower mortality rate for one-stage
procedures with similar morbidity compared to two-stage and three-stage procedures.
However, allocation and selection bias were likely high, which might have explained
these findings.
The introduction of the self-expandable metal stent (SEMS) for colonic decompression
meant a revolution in this field. After the first reports in the 1990s, larger clinical series
on SEMS started being published since the year 2000. The first systematic reviews and
meta-analyses that mainly included comparative cohort studies revealed lower
mortality rates after stenting with fewer stomas compared to emergency surgery.3
However, RCTs comparing SEMS and emergency surgery did not confirm the advantage
of SEMS regarding reduction in mortality.
Accrual in RCTs appeared to be difficult, and several trials were prematurely closed
because of stent-related morbidity.4,5 Consequently, SEMS became a controversial
treatment option for malignant colonic obstruction with proponents and opponents, at
least in the curative setting. Literature was difficult to interpret because of the relatively
small and heterogeneous studies and varying levels of expertise in colonic SEMS
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placement. In an attempt to break the stalemate, numerous meta-analyses were
published,6-18 even exceeding the number of RCTs that had been previously performed.
Although these meta-analyses clearly demonstrated more preservation of bowel continuity after SEMS, the main research question regarding oncological safety has not been
satisfactorily answered. Furthermore, emergency surgery is often presented as a
homogeneous type of intervention, but this is clearly not the case. A decompressing
stoma is essentially different from an emergency resection, but available studies rarely
make this distinction.
Another issue to take into consideration includes the use of a randomised study design.
Despite the high level of evidence and high internal validity of RCTs, this study design
might not be optimal for the heterogeneous population of patients with obstructive
colon cancer. Factors impacting the heterogeneity of this population include sidedness
of the obstruction (left versus right), severity of the obstruction (degree of bowel
distention), age, clinical condition of the patient at the time of emergency presentation
(weight loss, comorbidities, dehydration with renal insufficiency), stage of the primary
tumour (locally advanced or not), and oncological setting (curative versus palliative).
RCTs are often characterised by strict inclusion criteria. This may result in slow patient
accrual, besides other potential recruitment difficulties relevant to RCTs in this field
related to randomisation in the emergency setting, availability of relevant endoscopic
and surgical expertise, lack of equipoise among involved doctors, and patient
preferences. This may have resulted in pre-selection bias and restricted external validity
of the results from the few selected patients that eventually entered the trials. This
phenomenon was illustrated by the CAIRO study group that evaluated the results of
standard chemotherapy in stage IV colorectal cancer, showing that non-eligible nontrial patients had a significantly worse survival rate.19 The authors concluded that their
findings argue against the use of cancer treatments in other patient categories than
included in the original trials in which these treatments were investigated.
Strict inclusion criteria in RCTs can also result in the lack of finding any impact at all, or
in an average of individual effects that might not be applicable when treating an
individual patient. As a result, incorrect translation of results into clinical care may
occur. To gain more insight into these methodological issues, one might consider
performing planned subgroup analyses or post-hoc analyses of RCTs. However,
available RCTs on obstructive colon cancer have often resulted in patient groups that
are too small for such analyses.
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Population-based research
The above summary of three decades worth of research on obstructive colon cancer
demonstrates that numerous cohort studies and small RCTs failed to clearly answer the
main clinical questions. This raised the important question how to proceed to optimise
care for this patient group in an oncological emergency. We wondered whether there
was any place for new RCTs, or if we should consider another study design.
In the past, population-based studies have long been underestimated, with allocation
bias as a legitimate counter argument. However, their scientific and clinical value have
become more evident in recent years. With population-based research, a large number
of patients can be included without strict selection criteria, resulting in high external
validity. This provides real-world evidence and reflects routine daily practice including
all of its variability. In addition, stratified analyses can be performed with sufficient
power to zoom in on specific patient subgroups.
The value of population-based studies was evidenced by the initiation of the ‘Snapshot
research design’, which was introduced in the United Kingdom.20 Within a Snapshot
study, data from a large number of patients from multiple centres nationwide are
collected during a relatively short period. Data is usually gathered by residents under
the supervision of consultant specialists, resulting in rapid data gathering and in a
simultaneous increase in their research experience. These participating residents are
subsequently provided with a PubMed citable ‘collaborators position’ with each
resulting publication.
Implementation of the Snapshot research design in the Netherlands led to the
introduction of the Dutch Snapshot Research Group (DSRG).21 The first Dutch Snapshot
study on appendicitis has resulted in eight publications to date, and remaining clinically
relevant research questions on appendicitis could be answered in a relatively simple,
fast, and cheap manner. Multiple Snapshot studies and other related collaborative
research projects have been initiated since, not only in the field of colorectal disease
but recently also for the treatment of breast cancer. We expect an expansion of
nationwide studies performed through a collaborative research design, extending
beyond the field of surgery to other clinical specialties in the near future.
With the current collaborative research project on left-sided obstructive colon cancer,
we gathered a rich dataset in a relatively short period of time, which enabled us to
address the main research questions in this field, filling several knowledge gaps such as
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the value of a decompressing stoma as a bridge to surgery (BTS) relative to stenting, as
well as the impact of the bridging interval on several outcome parameters.
Implications for treatment decisions
Imagine a 78-year old patient with a distended abdomen visiting the emergency room
who is eventually diagnosed with an acute obstruction caused by primary colon cancer.
How should this patient be treated? Which factors are discriminating in clinical
decision-making? The work in this thesis, paired with existing literature on the topic,
has culminated in a novel treatment algorithm (Figure 1) for patients with an acute
colonic obstruction by primary colon cancer. This algorithm unites all of the relevant
research and may form the basis for future guideline development.
The first consideration in the novel treatment algorithm concerns the intention of
treatment. If palliative treatment is most likely, ‘stentability’ of the tumour determines
whether a patient can undergo colonic SEMS placement. A ‘big’ tumour, which is
difficult to define due to mixed literature on this topic but generally involves a tumour
longer than 5 cm, might complicate SEMS placement with lower chances of technical
success. In that case, decompression with a stoma is preferred. Besides length of the
tumour, its ‘stentability’ also depends on location of the tumour as well as angulation
of the concerned bowel, as described in Chapters 2 and 4. In the case of a ‘stentable’
tumour, one should opt for SEMS placement by an endoscopist with relevant
experience in both colonoscopy and fluoroscopic techniques, who performs colonic
stenting on a regular basis.22 This saves patients from stoma construction with
permanent intent in the palliative care setting, which has been suggested to impair
quality of life.23-25
In the case of curative treatment intent, local disease extent should again be the first
determining factor for optimal treatment. In case of a ‘big’ tumour or cT4b stage
(tumour ingrowth into other organs or structures), colonic SEMS placement should be
avoided. Either an emergency resection or a decompressing stoma as a BTS with
consideration of induction therapy would be an option. We do expect an increasing
tendency towards initial downsizing with neoadjuvant therapy following lower R1
resection rates after induction therapy in the FOXTROT trial26 and positive effects on
survival observed in several population-based studies.27-30 Important discriminating
factors in decision-making include the availability of a surgical team with relevant
experience. A decompressing stoma might also be a challenging intervention, but it is
generally a surgical procedure that can be performed by adequately trained residents
under some degree of supervision, especially in case of a blowhole colostomy which is
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usually easier to construct than a double loop colostomy. In contrast, an emergency
multivisceral resection requires specific expertise, especially if performed laparoscopically or in case of a previous history of abdominal surgery.
If the tumour is of limited size, all three options (emergency resection, or a decompressing stoma or SEMS as a BTS) could be considered. In line with the 2014 ESGE and
national guidelines,31,32 the patient’s age is one of the first determining factors in this
decision-making process. The work in this thesis underlines that a cut-off value of 70
years remains clinically relevant. In the case of a patient < 70 years of age, the ESGE
guideline of 2014 recommends emergency resection and discourages SEMS placement
due to its potentially worse long-term (oncological) outcomes.31 It did not include any
advice on a decompressing stoma as an alternative to emergency resection. In this new
algorithm, all three treatment strategies are now an option.
One of the outcomes to discuss with the patient regards (local and distant) recurrence
rate after SEMS placement. Although most of the published meta-analyses did not
reveal a significant increase in overall or locoregional recurrence following SEMS,13,33,34
a recent meta-analysis did suggest more distant recurrences compared to emergency
resection.10 However, this increased distant recurrence rate does not seem to translate
into worse long-term survival. This might be explained by rapid national anticipation on
metastasised cancer with adequate salvage treatment of metachronous metastases
with both systemic and local treatment modalities. SEMS-related bowel perforation in
particular has been associated with increased locoregional recurrence rates,35-37
although studies investigating the long-term oncological impact of SEMS-related
perforations involved small samples precluding firm conclusions. Therefore, these
potential oncological consequences after SEMS (perforation) should be discussed with
the patient, with a decompressing stoma as a valid alternative in case a bridging intervention is preferred.
Another factor to take into account includes patient preferences regarding having a
stoma. A prospective observational study on patient preferences with regard to surgical
treatment for colorectal cancer revealed that more than 60% of patients would sacrifice
a notable part of their life expectancy in order to avoid a stoma.38 However, chances of
stoma reversal are likely to be affected by a patient’s ASA score. In the emergency
setting, the ASA score is often perceived higher than in the elective setting, which may
cause the physician to waive a more demanding emergency resection.
Finally, the expected number of interventions and admissions should be considered as
well. In younger patients, an emergency resection may often include a single intervention, whereas a decompressing stoma still includes a three-stage procedure in twothirds of cases.
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In the case of an older patient (≥ 70 years), the available evidence allows for a strong
recommendation to avoid an emergency resection considering its relatively high mortality and morbidity risks in this population, and to use a bridging intervention. Choosing
either SEMS or a decompressing stoma as a BTS first depends on the availability of
relevant SEMS experience as defined earlier. If sufficient experience is lacking, a
decompressing stoma should be constructed followed by elective tumour resection.
However, if sufficient experience is available, both SEMS and decompressing stoma
would be an option. The choice for either one of these BTS techniques should be based
on shared decision-making. Similar to patients < 70 years of age, oncological risks
following SEMS should be discussed, particularly after SEMS-related perforation. In the
case of competing causes of death, potentially increased long-term distant recurrence
risks may be of less importance than in a patient with limited comorbidities. In the
latter, a decompressing stoma may be considered treatment of first choice. Finally, a
patient’s preference not to have a stoma would opt for SEMS, in which again ASA score
- with consequent chances of stoma reversal - may place an important role when deciding on type of BTS.
Opportunities
The large dataset used in this research offers the opportunity to explore a myriad of
novel questions in the nearby future. For example, we are currently working on prediction models for postoperative mortality and risk of a permanent stoma. These models
can be of value for the purpose of informing and counseling patients on the different
treatment options. The dataset also contains a large group of palliative patients and
patients with free air on the CT abdomen, who were excluded from the analyses in the
present thesis. However, these data might harbour relevant clinical insights. For
example, studies directly comparing SEMS and a decompressing stoma in the palliative
setting are scarce, as most authors included both emergency resection and decompressing stoma patients in their surgery group. The current dataset may aid in a further
investigation of a decompressing stoma as a potential alternative to SEMS in case of
incurable disease. In addition, the present dataset can be combined with other available
datasets of patients with similar or related disease entities, such as locally advanced
colon cancer or other emergency conditions of colon cancer (e.g. perforation). This
allows for international collaboration through which cross-border comparisons may
highlight differences in practice that could help further optimise patient care. Currently,
we are working on an international collaboration with French, British, and Italian
centres in order to expand the investigation on patients with a SEMS-related perforation, including patients from the Stent-in II trial,4 the ESCO-trial,39 and the CREST
trial.40 Within this project, details such as the perforation being either guidewire- or
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SEMS-related will be explored, as well as the location of the perforation relative to the
stent and the tumour. Finally, it would be interesting to investigate the role of a
blowhole colostomy as a BTS in particular, which may reduce operative time as well as
post-operative hospital stay when compared to a double loop colostomy.41 In Chapter
8, clear advantages of a decompressing stoma as a BTS could be observed when
compared to emergency resection. Similar to comparisons of SEMS and emergency
resection,42 one of these advantages includes an increased laparoscopy rate following
a decompressing stoma. Future comparative studies of specifically a blowhole colostomy as a BTS versus emergency resection may cause a further shift in the treatment
of obstructive colon cancer. If a blowhole decompressing stoma turns out to be a valid
or even better alternative also in younger and/or less frail patients, one might even
want to reconsider the role of an emergency resection as a treatment option for
patients with left-sided obstructive colon cancer in general.
Conclusion
The results of this thesis emphasise that treatment of obstructive colon cancer should
not follow a ‘one size fits all’ approach. The population-based dataset enabled identification of specific patient groups that should be approached in different ways,
thereby weighing different outcomes. The algorithm described in this thesis uses
specific patient and tumour characteristics to help determine optimal treatment.
Subsequent treatment choices should be made based on a patient-tailored approach
through shared decision-making. The expansion of datasets to include specific risk
groups, and international comparisons may bolster and enhance the associations and
treatment effects discussed, and will likely attribute to the formation of novel research
questions.
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Figure 1. Treatment algorithm for patients with acute obstruction by primary colon cancer.

ASA = American Society of Anesthesiologists; SEMS = self-expandable metal stent
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De resultaten van dit proefschrift onderschrijven dat de behandeling van het
obstructief coloncarcinoom een uitdaging blijft. Veel van de patiënten zijn ouder en
hebben een slechte klinische conditie. Optimalisering van de behandeling in de acute
setting is dan ook gewenst. Dit proefschrift voorziet in diverse nieuwe inzichten binnen
deze populatie en levert handvatten ten behoeve van verbetering van de zorg.
Deel I omvatte enkele basiskwesties zoals het definiëren van de populatie met een
obstructief coloncarcinoom, praktische adviezen rondom het plaatsen van een
colonstent en de duur van het bridging interval tot aan electieve resectie, alsmede
behandelrichtlijnen voor het linkszijdig obstructief coloncarcinoom. Deel II richtte zich
op de vergelijking van verschillende therapeutische strategieën (colonstent, het
ontlastend stoma of een acute resectie).
Deel I – Praktische overwegingen en richtlijnen
Hoofdstuk 1 omvatte een systematische review van 115 prospectieve studies, met als
doel het evalueren van definities van obstructie door een colorectaal carcinoom.
Binnen deze studie bleek de urgentie van de obstructie door het grootste deel van de
studies niet verder gespecificeerd; ‘acuut’ was hierbij de meest gebruikte term.
Tweeënveertig studies (37%) gaven een definitie van obstructie. Dit percentage was
vergelijkbaar laag in de 16 gerandomiseerde trials (31%). Onderling werd een grote
variatie gezien in gebruikte definities. De meeste studies namen klinische symptomen
mee in hun definitie, inclusief buikpijn, misselijkheid, braken en verschillende
formuleringen om problemen met passerende flatus of ontlasting te beschrijven. De
vereiste minimale duur van de symptomen voorafgaand aan de eerste presentatie van
de patiënt varieerde van 12 uur tot 3 maanden. De meeste auteurs hielden een
combinatie aan van klinische symptomen en bevindingen bij radiologische beeldvorming. Een uniforme, op consensus gebaseerde definitie zou bij kunnen dragen aan
de reductie van overbehandeling van patiënten met een subacute obstructie en aan de
verbetering van de onderlinge vergelijkbaarheid van de literatuur. Daarnaast kan deze
definitie bijdragen aan een betere omschrijving van de desbetreffende patiëntenpopulatie ten behoeve van registraties en klinische audits.
Hoofdstuk 2 betrof een boekhoofdstuk, waarin praktische overwegingen worden
behandeld die van nut kunnen zijn voorafgaand aan, tijdens, en na afloop van het
plaatsen van een colonstent. Binnen dit hoofdstuk worden de diagnostiek en het
beoordelen van de klinische conditie van de patiënt beschreven, samen met inschatting
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van oncologische prognose, en dat voor wat betreft de relevantie bij het plaatsen van
een colonstent in de curatieve en de palliatieve setting. Technische details van de stent,
zoals de bedekking, lengte, diameter en gebruikte materialen worden besproken. Met
betrekking tot de stentprocedure zelf wordt aandacht besteed aan de behandeling van
een ileus, antibioticaprofylaxe, darmvoorbereiding, sedatie en verschillende technische
aspecten van stentplaatsing. Tenslotte beschrijft dit hoofdstuk problemen die kunnen
optreden na afloop van stentplaatsing, waarvan met name niet-succesvolle decompressie en perforatie belangrijk zijn om toe te lichten.
Na initieel enthousiasme over colonstents als alternatief voor een acute resectie,
voedde de vroegtijdige sluiting van de Nederlandse Stent-in II trial de reeds bestaande
zorgen over de oncologische uitkomsten na colonstent in de curatieve setting op de
lange termijn. In Nederland waren deze zorgen voor de meeste ziekenhuizen de
belangrijkste reden om afstand te doen van colonstentplaatsing, zoals beschreven in
Hoofdstuk 3 middels een grote, nationale cohortstudie. Tussen 2012 en 2014 werd de
nationale richtlijn gereviseerd. Dit was het begin van een nieuw tijdperk waarin overbrugging met ofwel een colonstent ofwel een ontlastend stoma werd aanbevolen bij
patiënten met een hoog operatierisico, in plaats van een acute resectie. De European
Society of Gastrointestinal Endoscopy (ESGE) publiceerde een richtlijn over colonstentplaatsing in 2014. Vergelijkbaar met de nationale richtlijn adviseerde de ESGE om
SEMS enkel te overwegen in patiënten met een hoog chirurgisch risico (≥ 70 jaar oud
en/of een ASA-score van ≥ 3). In navolging hiervan werd een nationaal onderzoeksnetwerk opgebouwd middels de CONSTRUCT registratie, met als doel het evalueren van
implementatie van de richtlijnen. Binnen dit onderzoeksnetwerk werd eveneens een
nationaal trainingsprogramma ten behoeve van colonstentplaatsing geïnitieerd in
2014. De bovengenoemde initiatieven hebben geleid tot een toename in bewustwording, wat heeft bijgedragen aan een toename in het gebruik van de colonstent en
het ontlastend stoma als overbrugging naar een electieve resectie, met een simultane
afname in het aantal acute resecties. De leeftijd van patiënten die een colonstent
kregen lag hoger indien zij behandeld waren na 2014, wat overeenkomstig is met de
richtlijn van 2014. Echter blijven zowel leeftijd als ASA-score gelijk voor patiënten die
een acute resectie of ontlastend stoma ondergingen. Aangezien het gebruikelijk is dat
de implementatie van richtlijnen enige jaren vereist, zou het door onze inclusie van
patiënten tot en met 2016 nog te vroeg kunnen zijn om duidelijke conclusies te trekken.
Vanwege de toename aan beschikbare literatuur over colonstents als overbrugging
naar een electieve resectie, werd besloten de ESGE richtlijn van 2014 te updaten. Deze
update beschreven we in Hoofdstuk 4. Een belangrijke wijziging van de aanbevelingen
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betreft de indicatie van colonstents in de curatieve setting. Een colonstent kan nu
overwogen worden onafhankelijk van het chirurgisch risico in gedeelde besluitvorming
met de patiënt. Aan de hand van de meest recente literatuur werden alle voor- en
nadelen van een colonstent op een rijtje gezet om als zodanig binnen gedeelde
besluitvorming te bespreken. Ondanks dat de literatuur hierover schaars is, heeft de
richtlijncommissie besloten de aanbevolen duur van het overbruggingsinterval uit te
breiden van 5-10 dagen naar ongeveer 2 weken na succesvolle colonstentplaatsing. In
tegenstelling tot de richtlijn van 2014, wordt het ontlastend stoma nu gesuggereerd als
valide alternatief voor de colonstent in de ESGE richtlijn. Daarnaast wordt een colonstent aanbevolen als behandeloptie van eerste keuze in de palliatieve setting.
De schaarste aan literatuur over de duur van het bridging interval werd besproken in
Hoofdstuk 5, waar we hebben gepoogd meer klinisch inzicht te verkrijgen door de
eerdergenoemde nationale dataset te analyseren. Verschillende overbruggingsintervallen tussen respectievelijk colonstent of ontlastend stoma en electieve resectie
werden geëvalueerd. Binnen de stentgroep resulteerde een interval van 11-17 dagen
in minder resectiegerelateerde complicaties (25.0% versus 41.7%, p=0.174) dan een
interval van 5-10 dagen, hoewel dit verschil niet statistisch significant was. Daarnaast
werden er meer laparoscopische resecties en een kortere post-resectie opnameduur
gezien. Bijna 50% van alle stent-gerelateerde complicaties traden op bij patiënten met
een interval van minstens 17 dagen. Na het plaatsen van een ontlastend stoma
resulteerde een interval van 14-28 dagen in meer laparoscopische resecties (63.0%
versus 28.6%, p=0.001), meer primaire anastomoses (92.3% versus 75.0%, p=0.013) en
een kortere post-resectie opnameduur (mediaan 7 versus 10 dagen, p=0.028) dan
wanneer de electieve resectie binnen 14 dagen werd uitgevoerd. De duur van het
overbruggingsinterval bleek geen invloed te hebben op de algehele overleving of op de
ziektevrije overleving. We concludeerden dat een overbruggingsinterval van ongeveer
2 weken zou moeten worden aangehouden na colonstentplaatsing, wat overeenkomt
met de geüpdatet ESGE richtlijn van 2020. Na het plaatsen van een stoma stelden we
voor om een interval van 2-4 weken aan te houden.
Deel II – Vergelijking van behandelopties voor obstructief coloncarcinoom
De eerste drie hoofdstukken van deel II zijn gebaseerd op het in Hoofdstuk 3 genoemde
nationale onderzoeksproject, waar eveneens gebruik van werd gemaakt voor de laatste
twee hoofdstukken van deel I. Onder de vlag van de Dutch Snapshot Research Group
werd een gedetailleerd elektronisch case report form ingevuld door collaborators van
elk participerend centrum, middels het nalopen van alle individuele patiëntendossiers.
Patiënten werden geselecteerd op basis van de Dutch Colorectal Audit, welke in een
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eerder stadium reeds een beperkte dataset van baseline karakteristieken en 30-dagen
uitkomsten had verzameld. Dit onderzoeksproject resulteerde uiteindelijk in een grote
hoeveelheid aan data over verschillende aspecten van de dagelijkse klinische praktijk,
inclusief relevante variatie tussen ziekenhuizen betreffende de behandeling van
linkszijdig obstructief coloncarcinoom.
In Hoofdstuk 6 evalueerden we heterogeniteit in behandeleffecten, wat een belangrijke methodologische kwestie betreft voor de interpretatie en extrapolatie van
geobserveerde uitkomsten binnen klinische studies. Verscheidene uitkomsten werden
vergeleken tussen een acute resectie en overbrugging naar electieve resectie met ofwel
colonstent ofwel een ontlastend stoma. Hiervoor werden verschillende risicogroepen
vooraf gedefinieerd op basis van leeftijd, ASA-score en tumorstadium. De voordelen
van overbrugging bleken het meest evident indien permanent stoma werd bekeken als
uitkomstparameter. Leeftijd, ASA-score en tumorstadium bleken alle drie op enige
wijze invloed te hebben op het risico op een permanent stoma. Absolute risicoreducties
bleken uitgebreid te variëren tussen de verschillende stratificatiegroepen en liepen
uiteen van 9.5% in a priori laag-risico patiënten (niet-lokaal gevorderd stadium, < 70
jaar, ASA-score 1-2) tot 42.7% in a priori hoog-risico patiënten (lokaal gevorderd
stadium, ≥ 70 jaar, ASA-score 3-4). Met overbrugging naar electieve chirurgie werd een
lagere 30-dagen mortaliteit, een betere ziektevrije overleving en een betere algehele
overleving geobserveerd, alhoewel statistische significantie bij deze uitkomsten niet
werd bereikt. We concludeerden dat substantiële heterogeniteit in behandeleffecten
bestaat als een overbruggingsstrategie wordt vergeleken met een acute resectie.
Grotere datasets zijn dan ook vereist om deze resultaten te valideren.
Hoofdstuk 7 omvatte een propensity-score gematchte vergelijking van colonstent en
het ontlastend stoma als overbrugging naar electieve resectie. Binnen deze studie
leidde het plaatsen van een ontlastend stoma tot meer primaire anastomoses (86.0%
versus 75.0%, p=0.02), meer post-resectie stoma’s (66.9% versus 29.1%, p<0.001),
minder majeure complicaties (5.8% versus 15.3%, p=0.02) en meer interventies
inclusief sluiten van het stoma (57.5% versus 28.2%, p<0.001) dan colonstentplaatsing.
Er werden geen significante verschillen gezien voor 3-jaars locoregionaal recidief en 3jaars algehele overleving. Opvallend was de observatie dat ziektevrije overleving
enigszins ten faveure leek te zijn van het ontlastend stoma, alhoewel hiervoor geen
statistische significantie werd bereikt. De bevindingen van deze studie suggereren dat
beide overbruggings- technieken hun voor- en nadelen hebben en toont aan dat er een
belangrijke rol is voor gedeelte besluitvorming met een behandeling die is afgestemd
op de individuele patiënt.
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Hoofdstuk 8 beschreef een tweede propensity-score gematchte studie, waarbij we het
ontlastend stoma als overbrugging naar electieve resectie vergelijken met een acute
resectie. Binnen de acute resectiegroep werd slechts in een beperkt aantal patiënten
de resectie laparoscopisch uitgevoerd, in tegenstelling tot patiënten die initieel een
ontlastend stoma geplaatst hadden gekregen (9.2% versus 56.8%, p<0.001). Daarnaast
resulteerde een ontlastend stoma in meer primaire anastomoses (88.5% versus 40.7%,
p<0.001), minder majeure complicaties (9.0% versus 15.1%, p=0.027) en een lagere 90dagen mortaliteit (1.7% versus 7.2%, p=0.006). De lange-termijn uitkomsten leken
eveneens in het voordeel van het ontlastend stoma, wat zich vertaalde in een betere
algehele 3-jaarsoverleving (79.4% versus 73.3%, HR 0.36, 95% CI 0.20-0.65) en minder
permanente stoma’s (23.4% versus 42.4%, p<0.001). Subgroep analyses onthulden dat
de voordelige effecten van het ontlastend stoma met name statistisch significant
bleven in patiënten van 70 jaar of ouder. Deze patiënten hadden een substantieel
lagere 90-dagen mortaliteit (3.5% versus 13.7%, p=0.027), minder permanente stoma’s
(21.3% versus 46.5%, p<0.001) en een betere algehele 3-jaarsoverleving (HR 0.39, 95%
CI 0.21-0.73) vergeleken met de acute resectiegroep.
Tenslotte focuste Hoofdstuk 9 zich op de palliatieve behandeling van het obstructief
coloncarcinoom middels een systematische review en meta-analyse van palliatieve
stentplaatsing en acute chirurgie door ofwel tumorresectie ofwel een ontlastend
stoma. Op basis van een gepoolde analyse van gerandomiseerde studies en
vergelijkende cohortstudies werden minder vroege complicaties geobserveerd na
colonstentplaatsing (13.6% versus 25.5%, OR 0.46, 95% CI 0.29-0.74). Daarnaast bleek
een colonstent geassocieerd met een lagere post-procedurele mortaliteit (3.9% versus
9.4%, OR 0.44, 95% CI 0.28-0.69). In een sensitiviteitsanalyse werd gestratificeerd voor
type chirurgie, welke minder vroege complicaties aantoonde na colonstent dan na
respectievelijk het plaatsen van een ontlastend stoma en na resectie, alhoewel
statistische significantie hierin niet werd bereikt. In vergelijking met acute chirurgie
bleek het enige nadelige effect van colonstent in de palliatieve setting een hoger
percentage lange-termijn complicaties te zijn (23.2% versus 9.8%, OR 2.55, 95% CI 1.703.83), wat voornamelijk werd veroorzaakt door obstructie van de stent.
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met veel plezier op terug wordt gekeken. Je bevlogenheid en enthousiasme voor de wetenschap,
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je efficiëntie. Samen op wereldreis naar Zeeland om data te verzamelen, na een dag kliniek in de
avonduren nog even samen R en propensity-score matching in duiken, en bellen tijdens je
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stappen binnen de MDL, wat begon met een ‘oefensollicitatie’ voor een AMC PhD scholarship.
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Celsius is al een hele prestatie op zich. Anne, Sanne, Toer, Maarten, Myrte, Jeroen en Floor:
bedankt voor de afgelopen jaren! Sanne, het was wel even afkicken om niet meer jouw
telefooncentrale te kunnen zijn. Je bent één van de hardst werkende personen die ik ken, dat
komt helemaal goed als MDL-arts to be! Professor Stevens, Toer, van samen mannenshirts en
-schoenen shoppen op het vliegveld in Barcelona naar samen brieven stickeren als afsluiter van
je promotietraject: het was een feest om het hok met jou te delen! Mocht je weer een keer alle
hersenzenuwen langs willen lopen, dan weet je me te vinden. Maarten, Struyvie: heerlijk om
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Dank voor je vrolijkheid, interesse en optimisme!
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van Lissabon, alles was een feest met jullie! Bedankt voor alle mooie momenten, gezelligheid en
geweldige congresbezoeken.
Ilse op G4, veel dank voor al je hulp tijdens de laatste loodjes van mijn promotietraject.
Lieve vrienden: bedankt voor alles!
Allerliefste oudste vriendinnen, Jaan, Yoos, Hes en Belle! Zo leer je elkaar als brugklasser kennen
en zo ben je 15 jaar verder. We zijn alle vijf een totaal andere kant opgevlogen, maar nog steeds
maken we van alles samen mee en daar ben ik heel blij mee. Dank voor alle mooie herinneringen,
waarin roze flamingo’s natuurlijk niet mogen ontbreken, en voor jullie vriendschap!
Team Mastertraject! Of het nou een masterclass is (IK vertel IETS aan JOU), ’s nachts de straten
over struinen in Berlijn, of een fancy diner is in de achtertuin van de Epsteinbar: overal wisten we
wel lering uit te trekken. Wat een mooie tijd. Gelukkig hield dit avontuur niet op na drie jaar:
Alex, Marthe, Job en Anne-Fleur, na onze eigen ervaringen begeleiden we nu samen een groep
studenten. Een hele andere rol die we moeten aannemen maar minstens zo leerzaam! En
natuurlijk onze ‘oude garde’ mentoren, Bart, Mario, Gabor en Marcel: de tijd en toewijding die
jullie ons als studenten hebben geboden is uniek. Ik heb ontzettend veel van jullie geleerd (en
nog steeds). Mario: jij bood mij de mogelijkheid om naar Boston te gaan en daar ben ik je heel
dankbaar voor! Bart: ik hoop dat we snel weer een keer mogen genieten van een diner à la Koot.
Hopelijk verdwalen we deze keer dan niet in je achtertuin. Gabor: zodra ik iemand ‘mevrouw
Veld!’ door de gangen hoor roepen, weet ik dat jij het bent. Ik heb respect voor jouw oneindige
enthousiasme en inzet voor het onderwijs. Marcel: zo word je gevraagd voor één masterclass
Communicatie en zo leid je ze allemaal. Ik hoop dat we je snel een keer kunnen bezoeken in
Oosterwold!
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Allerliefste paranimfen, Jana en Laura! Lieve Jana, één van mijn oudste vriendinnetjes, mijn
mattie uit Almère, ik ben superblij dat jij vandaag naast mij staat! Ik ken weinig mensen met zo’n
hart van goud als jij en waardeer je vriendschap en steun enorm. Lieve Laura, wat ben jij een
geweldig mens! In de bus vanaf wintersport kwamen we naast elkaar terecht en het klikte gelijk.
Samen deelden we lief en leed tijdens het promoveren. Van samen salsales, salsafeestjes en een
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Myron, mijn grote broer! Jouw enthousiasme over letterlijk alles werkt aanstekelijk. Hoe lang we
elkaar ook niet hebben gezien, het is altijd weer onwijs gezellig om samen te zijn. Kim en Rosalie,
mijn allerliefste zussen. De drie musketiers, onafscheidelijk! Kimmie, wat ben ik ontzettend trots
op jou. Ik bewonder je doorzettingsvermogen, optimisme en onvoorwaardelijke steun. Roos,
ondanks het leeftijdsverschil van 1.5 jaar blijf je altijd mijn kleine zusje. We zitten met zoveel
dingen zo op één lijn. Ik realiseer me steeds meer dat het niet altijd vanzelfsprekend is om zo’n
goede band met elkaar te hebben en daar ben ik heel trots op! Anji en Jace, mijn lieve nichtje en
neefje, allebei geboren ten tijde van dit promotietraject. Lieve schatjes, jullie hebben mijn hart
gestolen.
Lieve mam en pap, de veilige basis die jullie mij als kind hebben geboden hielp mij vormen tot de
persoon die ik nu ben en daar ben ik jullie heel dankbaar voor. Ondanks de onbekende wereld
waar ik mij in begeef, doen jullie altijd je best om te luisteren en advies te geven. Jullie lieten mij
altijd mijn eigen keuzes maken en steunden mij hier volledig in (en nog steeds). Bedankt voor
jullie onvoorwaardelijke liefde.
Mijn lieve schoonouders, Brenda en Martin. Sizi özlüyorum! Hoe lang we elkaar ook niet hebben
gezien, het is elke keer weer een feestje als we samen zijn. Al was het laatste (Corona-)feestje
van 7 weken in plaats van 3 dagen misschien een beetje overdreven. Hoog tijd om jullie weer
eens in het mooie Fethiye op te zoeken!
Lieve Justin! Mijn handige Harry (of was het toch Henk?). Mijn publiek tijdens het oefenen van
presentaties, en elke keer weer enthousiast (je weet ze inmiddels bijna zelf te geven). Mijn steun
en toeverlaat. Elke keer opnieuw hoor je mijn verhalen aan over wat ik nu weer heb meegemaakt
en denk je met mij mee. Bedankt voor je liefde, steun, rust, optimisme en humor. Jij bent er één
uit duizenden. Ik heb zo’n zin in de toekomst met jou!
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