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Introduction
Small bowel obstruction, infertility, and chronic abdominal pain
are generally mentioned as the main clinical consequences of ad-
hesion formation after abdominal surgery1,2. Difficulties experi-
enced during reoperation are less pronounced consequences,
but seem to have a huge impact. A large retrospective cohort
study3 revealed that adhesiolysis was significantly associated
with risk of sepsis (odds ratio (OR) 5.12), intra-abdominal compli-
cations (OR 3.46), and wound infection (OR 2.45). There is very
limited literature on intraoperative assessment of adhesions
and modifiable risk factors, especially in patients with locally ad-
vanced colonic cancer4,5. Laparoscopic surgery seems to reduce
the burden of adhesions, but is considered a relative contraindi-
cation in T4 disease6. The aim of this study was to compare the
presence and severity of adhesions after laparoscopic or open
resection of locally advanced colonic cancer at 18-month
re-exploration of the abdomen in the COLOPEC randomized trial,
which was designed to assess adjuvant hyperthermic intraperito-
neal chemotherapy7.

Methods
Detailed methods of this study are provided in Appendix S1.
Outcomes of the present study were presence and severity (clas-
sified from 0 to 10 according to Dowson and colleagues6) of adhe-
sions at 18months. Severe adhesions were defined as those with a
Dowson score exceeding 6. The Zühlke score classifies adhesions
as: 1, filmy adhesions; 2, stronger adhesions requiring sharp dis-
section; 3, dense vascularized adhesions requiring sharp dissec-
tion; and 4, extreme dense vascularized adhesions with high
risk of organ damage during dissection8.

Results
Figure 1 shows patient enrolment, allocation, and follow-up in the
COLOPEC trial and how the inclusion of patients in the present ana-
lysis was derived. In short, 204 patients with resectable primary
c/pT4 N0–2 M0 or perforated colonic tumours were randomized
and evaluated by laparoscopy at 18 months. The primary tumour
resectionwas laparoscopic in 75, open in 43, and converted in 10 pa-
tients (Table 1). Adhesionswere present in 36 patients (48 per cent) in
the laparoscopic group and 46 (89 per cent) in the open group
(Table 2). Adhesions after open primary resection were more often
extensive (42 versus 11 per cent), more often had a Zühlke score of
3 or higher (51 versus 14 per cent), and had a significantly higher
mean Dowson adhesion severity score (5.3 versus 2.4). Serosal tears
occurred during adhesiolysis in five patients after open primary re-
section, but not after initial laparoscopic resection.

Previous abdominal surgery, multivisceral resection, and per-
foration were included in a multivariable model as confounders
for adhesion formation. Open surgery was associated with the
presence (OR 6.33, 95 per cent c.i. 2.24 to 17.89) (Table S1) and
severity (OR 4.37, 1.84 to 10.41) of adhesions (Table S2).

Discussion
Few studies have evaluated adhesions after open and laparo-
scopic abdominal surgery by re-exploration4–6,9, and were limited
by sample size, varying indication, or an insufficient time interval
to re-exploration. The clinical relevance of the present findings
relate to metachronous metastases requiring abdominal re-
exploration. The use of laparoscopy for locally advanced colorec-
tal cancer surgery is accepted10 and with that will come fewer
adhesional issues. The present trial did not randomize between
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surgical approaches and there existed allocation bias as a result (a
higher proportion of patients with perforation, pT4b tumours,
and multivisceral resections in the open group). The approach
may have been influenced by these factors, which may them-
selves have influenced adhesion risks. The study supports the
view that the formation and severity of adhesions is reduced by
laparoscopic surgery for locally advanced colonic cancer.

Collaborators
COLOPEC trial study group: A.G.J. Aalbers, K. van Woensdregt, P.
Snaebjornsson (Antoni van Leeuwenhoek hospital/Netherlands
Cancer Institute, Amsterdam, the Netherlands); C.S. Andeweg (St
Jansdal hospital, Lelystad, the Netherlands); V.P. Bastiaenen,
J.D.W. van der Bilt, D.W. Sommeijer, N. Sluiter, M.G.W. Dijkgraaf,
A.W.H. van de Ven, H. Crezee, G.D. Musters (Amsterdam
University Medical Centers, Amsterdam, the Netherlands); J.
Bloemen, G. Creemers, J. Demelline, S.W. Nienhuijs, L. van den
Nieuwenhof, K.P. Rovers (Catharina hospital, Eindhoven, the

Netherlands); F.C. den Boer (Zaans Medical Centre, Zaandam,
the Netherlands); D. Boerma, T.J.M. Kootstra, M. Los, B van
Ramshorst, E. Wassenaar, M. Zournas (St. Antonius hospital,
Nieuwegein, the Netherlands); D. ten Bokkel Huinink
(Diakonessenhuis, Utrecht, the Netherlands); W.J.A. Brokelman
(Jeroen Bosch hospital, ’s-Hertogenbosch, the Netherlands);
H.A. Cense (Rode Kruis hospital, Beverwijk, the Netherlands);
E.C.J. Consten (Meander Medical Center, Amersfoort, the
Netherlands); R.M.P.H. Crolla (Amphia hospital, Breda, the
Netherlands); J.W.T. Dekker (Reinier de Graaf hospital, Delft, the
Netherlands); M.J. van Det (Ziekenhuisgroep Twente, Hengelo,
the Netherlands); K.K. van Diepen, C.J.A. Punt, A.J. Witkamp
(University Medical Center Utrecht, Utrecht, the Netherlands); M.
Diepeveen, E.V.E. Madsen (Erasmus Medical Center, Rotterdam,
the Netherlands); E.B. van Duyn (Medisch Spectrum Twente,
Enschede, the Netherlands); E.D. van den Ende (Saxenburgh
Medical Center, Hardenberg, the Netherlands); P. Evers (NFK,
Utrecht, the Netherlands); H.F.J. Fabry (Bravis hospital,
Roosendaal, the Netherlands); F. Ferenschild, S.A. Radema, P.R.

Patients with c/pT4 N0–2 M0 or
perforated colonic cancer included

in COLOPEC trial
n = 204
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Assigned to adjuvant HIPEC and
adjuvant systemic chemotherapy

n = 102

Received adjuvant HIPEC
n = 87

Eligible for diagnostic laparoscopy
n = 71

Received diagnostic laparoscopy
n = 65

Patients with c/pT4 N0–2 M0 or perforated colonic cancer who hed diagnostic laparoscopy at 18 months
after surgery included in the present analysis n = 128

Laparoscopic primary resection
n = 75

Open primary resection
n = 53

Received diagnostic laparoscopy
n = 63

Eligible for diagnostic laparoscopy
n = 77

Refused diagnostic laparoscopy
n = 6

Refused diagnostic laparoscopy
no indication (pT2–3 tumour), lost
to follow-up, previous diagnostic
laparoscopy n = 14

Not eligible for diagnostic
laparoscopy owing to disease
recurrence before 18 months n = 25

Assigned to adjuvant systemic
chemotherapy alone n = 102

Declined further participation, renal
dysfunction, intraoperative
contraindication (metastases or
extensive fibrosis) before
administration n = 15

Not eligible for diagnostic laparoscopy
owing to disease recurrence before
18 months n = 16

Fig. 1 CONSORT study flow diagram

HIPEC, hyperthermic intraperitoneal chemotherapy.
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de Reuver, J.H.W. de Wilt (Radboud University Medical Center,
Nijmegen, the Netherlands); S. Festen (Onze Lieve Vrouwe
Gasthuis, Amsterdam, the Netherlands); A.A.W. van Geloven
(Ter Gooi hospital, Hilversum, the Netherlands); E. van der
Harst (Maasstad hospital, Rotterdam, the Netherlands); J.
Heemskerk (Sticht. Laurentius hospital, Roermond, the
Netherlands); J.T. Heikens (Rivierenland hospital); D.A. Hess
(Antonius hospital, Sneek, the Netherlands); B. Inberg (Koningin
Beatrix hospital, Winterswijk, the Netherlands); J. Jansen
(Admiraal de Ruyter hospital, Goes, the Netherlands); F.W.H.
Kloppenberg (Treant hospital, Emmen, the Netherlands); R.T.J.
Kortekaas (Franciscus hospital, Rotterdam, the Netherlands);
H.C.J. van der Mijle (Nij Smellinge hospital, Drachten, the
Netherlands); L. Mol (IKNL, Netherlands Cancer Registry,
the Netherlands) P.A. Neijenhuis (Rijnland hospital, Leiden,
the Netherlands); K.C.M.J. Peeters (Leiden University Medical
Center, Leiden, the Netherlands); S.W. Polle (Cansius Wilhelmina

Ziekenhuis, Nijmegen); J. Ponl; P.Poortman (Dijklander hospital,
Purmerend, the Netherlands); R.F. Schmitz (Groene Hart
Ziekenhuis, Gouda, the Netherlands); L. Schoonderwoerd
(Bernhoven hospital, Uden, the Netherlands); D.J.A. Sonneveld
(Dijklander hospital, Hoorn, the Netherlands); T.C. van
Sprundel (Ommelander hospital, Groningen, the Netherlands);
S.C. Veltkamp, A.A. van Zweeden (Hospital Amstelland,
Amstelveen, the Netherlands); M. Vermaas (Ijsselland hospital,
Capelle aan den Ijssel, the Netherlands); V.J. Verwaal (Aarhus
University Hospital, Aarhus, DK); Johannes A. Wegdam
jwegdam@elkerliek.nl; Marinke Westerterp (Haaglanden
hospital, ’s-Gravenhage, the Netherlands); H.L. van
Westreenen (Isala hospital, Zwolle, the Netherlands); F. Wit
(Heelkunde Friesland, the Netherlands); E.S. van der
Zaag (Gelre hospital, Apeldoorn, the Netherlands); D.D.E.
Zimmerman (Elisabeth-TweeSteden hospital, Tilburg, the
Netherlands).

Table 1 Baseline characteristics of all patients who underwent re-exploration at 18months in the COLOPEC trial, stratified by surgical
approach for primary tumour resection

Available data Laparoscopic primary resection (n=75) Open primary resection (n=53)

Men 128 (100) 44 (59) 26 (49)
Age (years)* 128 (100) 61 (53–69) 60 (47–73)
ASA fitness grade
I 128 (100) 31 (41) 16 (30)
II 42 (56) 34 (64)
III 2 (3) 3 (6)

Previous abdominal surgery 127 (99.2) 26 (35) 16 (31)
Cholecystectomy 3 (4) 1 (2)
Appendicectomy 8 (11) 3 (6)
Hysterectomy 3 (4) 1 (2)
Colorectal resection 4 (5) 2 (4)
Small bowel resection 1 (1) 0 (0)
Gastric perforation 1 (1) 0 (0)
Other abdominal procedures 10 (13) 9 (17)

Primary tumour (resection) characteristics
Pathological T category

pT2 128 (100) 0 (0) 2 (4)
pT3 6 (8) 10 (19)
pT4a 64 (85) 24 (45)
pT4b 5 (7) 17 (32)

Perforation 128 (100) 10 (13) 16 (30)
Emergency 128 (100) 8 (11) 12 (23)
Conversion 128 (100) 0 (0) 10 (19)
Multivisceral resection 128 (100) 16 (21) 31(59)
Procedure type

(Extended) right hemicolectomy 128 (100) 27 (36) 21 (40)
(Extended) left hemicolectomy 11 (15) 7 (13)
Sigmoid resection 22 (29) 18 (3)
Subtotal colectomy 1 (1) 1 (2)
Anterior resection 14 (19) 6 (11)

Postoperative course
Surgical complications 128 (100) 20 (27) 20 (38)
Anastomotic leakage 1 (1) 1 (2)
Abscess 1 (1) 0 (0)
Wound infection 1 (1) 3 (6)
Postoperative ileus 5 (7) 4 (8)
Fascial dehiscence 0 (0) 0 (0)
CD grade≥ II complications 128 (100) 15 (20) 17 (32)
Surgical reintervention 126 (98.4) 4 (5) 1 (2)

Laparotomy 2 (3) 1 (2)
Laparoscopy 2 (3) 0 (0)
With creation of ileostomy 1 (1) 0 (0)
With creation of colostomy 0 (0) 0 (0)

Adjuvant HIPEC without CRS 128 (100) 38 (51) 25 (47)
Successful laparoscopic adjuvant HIPEC 63 (100) 33 (87) 11 (44)
Converted laparoscopic adjuvant HIPEC 1 (3) 2 (8)
Open adjuvant HIPEC 4 (11) 12 (48)

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). CD, Clavien–Dindo; HIPEC, hyperthermic intraperitoneal
chemotherapy; CRS, cytoreductive surgery.
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Table 2 Adhesions during re-explorations at 18 months in the COLOPEC trial, stratified by surgical approach for primary tumour
resection

Available data Laparoscopic primary resection
(n=75)

Open primary resection
(n=53)

P¶

Any adhesions 127 (99.2) 36 (48) 46 (89) , 0.001
Subjective assessment of extent of adhesions 81 (98.8) 0.001
Limited 29 (81) 18 (40)
Moderate 3 (8) 8 (18)
Extensive 4 (11) 19 (42)

Difficulties with abdominal entry 127 (99.2) 3 (4) 8 (15) 0.025
Highest Zühlke score† 116 (90.6) , 0.001
0 39 (53) 7 (16)
1 9 (12) 3 (7)
2 15 (21) 11 (26)
3 6 (8) 16 (37)
4 4 (5) 6 (14)

Anatomical site 74 (90.2)
1: access wound 30 (86) 37 (95) 0.245
2: site of pathology 15 (43) 7 (18) 0.019
3: other distant sites‡ 15 (43) 18 (46) 0.776

Total no. of anatomical sites 119 (92.9) , 0.001
1 18 (24) 23 (51)
2 9 (12) 9 (20)
3 8 (11) 7 (15)

Small bowel involvement 74 (90.2) 11 (15) 24 (53) , 0.001
Dowson adhesion severity score (range 0–10)*§ 116 (90.6) 2.4 (3.0) 5.3(3.0) , 0.001#
Adhesiolysis 82 (100) 18 (50) 24 (52) 0.845
Duration (min)* 32 (39.0) 14.43 (24.69) 19.89 (23.64) 0.530#
Estimated area (cm²)* 61 (74.4) 31.46 (56.51) 102 (146.39) 0.023#
Highest difficulty score (range 0–5)* 46 (56.1) 0.94 (1.11) 1.79 (1.79) 0.056#

Complications
Serosal tear 125 (97.7) 0 (0) 5 (10) 0.010
Inadvertent enterotomy 128 (100) 0 (0) 1 (2) 0.414

Re-exploration at 18 months 128 (100)
Laparoscopic 75 (100) 53 (100) –
Converted laparoscopic 2 (3) 6 (11) 0.046

Values inparenthesesarepercentagesunless indicatedotherwise; *valuesaremean(s.d.).†Zühlkescore:1,filmyadhesions;2, strongeradhesionsrequiringsharpdissection;
3, dense vascularized adhesions requiring sharp dissection; 4, extreme dense vascularized adhesions with high risk of organ damage during dissection. ‡Including
abdominal wall outside access wound, perihepatic left subphrenic region, pelvis, omentum, mesentery. §Adapted fromDowson et al.6: worst severity score (0–3 points)+
overall extent of adhesions in peritoneal cavity (0–3 points)+number of sites (0–3 points)+ involvement of small bowel (0–1 point). ¶χ2 test, except #Student’s t-test.
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