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Abstract

Background Laparoscopy has now been implemented as

a standard of care for elective colonic resection around

the world. During the adoption period, studies showed

that conversion may be detrimental to patients, with

poorer outcomes than both laparoscopic completed or

planned open surgery. The primary aim of this study was

to determine whether laparoscopic conversion was associ-

ated with a higher major complication rate than planned

open surgery in contemporary, international practice.

Methods Combined analysis of the European Society of

Coloproctology 2017 and 2015 audits. Patients were

included if they underwent elective resection of a colo-

nic segment from the caecum to the rectosigmoid junc-

tion with primary anastomosis. The primary outcome

measure was the 30-day major complication rate,

defined as Clavien-Dindo grade III-V.

Results Of 3980 patients, 64% (2561/3980) under-

went laparoscopic surgery and a laparoscopic conversion

rate of 14% (359/2561). The major complication rate

was highest after open surgery (laparoscopic 7.4%, con-

verted 9.7%, open 11.6%, P < 0.001). After case mix

adjustment in a multilevel model, only planned open

(and not laparoscopic converted) surgery was associated

with increased major complications in comparison to

laparoscopic surgery (OR 1.64, 1.27–2.11, P < 0.001).

Conclusions Appropriate laparoscopic conversion

should not be considered a treatment failure in modern

practice. Conversion does not appear to place patients

at increased risk of complications vs planned open sur-

gery, supporting broadening of selection criteria for

attempted laparoscopy in elective colonic resection.

Keywords Colon cancer, rectal cancer, gastrointestinal

surgery, laparoscopic surgery, surgery

What does this paper add to the literature?

In modern international practice, 64% of elective colo-
nic resections are started laparoscopically and 14.7% are
converted to open. Laparoscopic conversion does not
place patients at increased risk of complications when
compared to planned open surgery, suggesting colorec-
tal surgeons select patients appropriately for laparo-
scopic surgery and can convert appropriately. This
supports laparoscopy as the primary approach for colo-
nic resection in modern post-implementation practice.

Introduction

Minimally invasive approaches for colonic resection are

now incorporated into clinical practice in many settings

[1]. A number of major international randomised trials

(COST, CLASSICC, COLOR I, ALCCaS) have

described the safety, feasibility and benefits of laparo-

scopic segmental resection including reduced

intraoperative blood loss, faster return of bowel func-

tion and reduced length of stay, without compromise to

oncological outcomes [2–7].
Published studies in the initial period of adoption of

laparoscopy suggested that patients who undergo con-

version from laparoscopic to open surgery had more

short-term infections complications (although oncologi-

cally equitable resections) than procedures completed

laparoscopically, or those who had planned open sur-

gery [5,8–10]. Since many units have now overcome

unit-level learning curves, performance may have chan-

ged in terms of indications for conversion, rate of con-

version and outcomes when conversion occurs.

Following the IDEAL framework for surgical
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innovation, up-to-date, multicentre ‘surveillance’ is

required to assess the safety and penetrance of laparo-

scopic colonic resection in contemporary practice

(IDEAL stage 4), and to support further roll-out of

laparoscopic surgery for novel indications and into new

settings.

The primary aim of this study was to determine

whether laparoscopic conversion was associated with a

higher major complication rate than planned open sur-

gery. Our hypothesis was that after adjusted for case-

mix, laparoscopic conversion may have a favourable

complication profile to primary open surgery within

modern post-implementation practice.

Methods

Protocol and centres

This study combines patients from the 2015 ESCP right

hemicolectomy audit and the 2017 ESCP left-sided col-

orectal resection audit, conducted according to pre-speci-

fied protocols (http://www.escp.eu.com/research/c

ohort-studies). Any unit performing elective gastroin-

testinal surgery was eligible to register to enter patients

into the study. No minimum case volume, or centre-spe-

cific limitations were specified. Study protocols were dis-

seminated to registered members of the European

Society of Coloproctology (ESCP), and through national

surgical and colorectal societies, including the European

Crohn’s and Colitis Organisation.

Patient eligibility

Patients included in this pre-planned analysis were adults

(≥ 16 years) undergoing elective segmental colectomy

from the caecum to the rectosigmoid colon with a single,

primary anastomosis. Open, laparoscopic, and laparo-

scopic-converted procedures were all included. Patients

having robotic or robotic-converted procedures were

excluded. Operations with multiple (> 1) anastomoses

were excluded, as were resections including the rectum,

those with formation of end colostomy without restora-

tion of gastrointestinal continuity (e.g. Hartmann’s pro-

cedure) or multivisceral resections. Patients undergoing

more extensive resection such as subtotal colectomy or

panproctocolectomy were excluded. Both operations for

malignant and benign indications were eligible.

Data capture

For right-sided colonic resections, patients were cap-

tured over a 6-week period between 15 January 2015

and 15 April 2015. For left-sided colonic resections,

patients were included over an 8 week period between 1

February 2017 and 10 May 2017. Teams of up to five

surgeons and surgical trainees worked collaboratively to

collect prospective data on all consecutive eligible

patients at each centre. All teams included at least one

consultant or attending-level surgeon to quality assure

data collection. Data was entered contemporaneously on

to a secure, user-encrypted online platform (NetSolving

and REDCap for 2015 and 2017 audits respectively)

without using patient identifiable information. Centres

were asked to validate that all eligible patients during the

study period had been entered, and to attain > 95% com-

pleteness of data field entry prior to final submission.

Laparoscopic conversion was described as unplanned

extension of the primary laparotomy incision, or a sec-

ondary laparotomy incision, created intraoperatively for

any purpose other than specimen extraction or exterior-

ization (i.e. to form an anastomosis).

Outcome measure

The primary outcome measure was the postoperative

major complication rate, defined as Clavien-Dindo clas-

sification grade 3–5 (reoperation, reintervention,

unplanned admission to critical care, organ support

requirement or death). The secondary outcome mea-

sures were (1) overall anastomotic leak, pre-defined as

either (i) gross anastomotic leakage proven radiologi-

cally or clinically, or (ii) the presence of an intraperi-

toneal (abdominal or pelvic) fluid collection on

postoperative imaging.

Statistical analysis

This report has been prepared in accordance to guide-

lines set by the STROBE (strengthening the reporting

of observational studies in epidemiology) [11] state-

ment for observational studies. Patient, disease and

operative characteristics were compared using Student’s

t-test for normal, continuous data, Mann-Whitney U

test for non-normal continuous data or Chi-squared

test for categorical data. To test the association

between the major complications and the main

explanatory variables of interest (laparoscopic com-

pleted, laparoscopic converted, and open surgery), a

mixed-effects logistic regression model was fitted. Clin-

ically plausible patient, disease and operation-specific

factors were entered into the model for risk-adjust-

ment, treated as fixed effects. These were defined a

priori within the study protocol and included irrespec-

tive of their significance on univariate analysis. The

treating hospital were entered into the model as a ran-

dom-effect, to adjust for hospital-level variation in
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outcome. Similar models were created to assess associa-

tions with the secondary outcome measures (anasto-

motic leak and laparoscopic conversion). Effect

estimates are presented as odds ratios (OR) with 95%

confidence intervals (95% CI) and two-tailed P-values.

An alpha level of 0.05 was used throughout. Data

analysis was undertaken using R STUDIO V3.1.1 (R

Foundation, Boston, Massachusetts, USA).

Ethical approval

All participating centres were responsible for compli-

ance to local approval requirements for ethics approval

or indemnity as required. In the UK, the National

Research Ethics Service tool recommended that this

project was not classified as research, and the protocol

was registered as clinical audit in all participating

centres.

Results

Patients and centres

In this study, 3980 patients, from 566 centres across 48

countries underwent an elective colonic resection

(Fig. 1). 1419 (36%) received planned open surgery

and 2561 (64%) had their procedures started laparo-

scopically. Of these laparoscopic operations, 359

required conversion to open surgery, resulting in a con-

version rate of 14.7% (Fig. 2).

Compared to those who underwent a planned open

resection, laparoscopic converted patients were older

(converted vs open; 35.9% vs 29.7% aged 70–80 years),

more likely to be male (60.7% vs 51.1%), have a low ASA

grade (65.2% vs 56.0%), be obese (26.5% vs 20.2%) and

were less likely to have a history of ischaemic heart dis-

ease/cerebrovascular accident (15.9% vs 21.7%).

Eligible and completed records 
uploaded to the ESCP 2017 & 

2015 databases (n=8849) 

Patients undergoing colonic surgery (n=4007) 

Patients undergoing elective surgery (n=7096)

Excluded from analysis (n=3089) 
Patient undergoing resection involving the 

rectum (n=3089) 

Excluded from analysis (n=1753) 
Unplanned surgery (emergency or expedited) 

(n=1753) 

Enrollment

Data cleaning

Cohort selection

Patients undergoing elective laparoscopic colonic 
surgery (n=3980) 

Excluded from analysis (n=27) 
Patient undergoing robotic surgery (n=27)

Included in analysis

Approach

Figure 1 Flowchart for patients included in the analysis of elective, laparoscopic colonic surgery.
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Compared to those who underwent a completed laparo-

scopic resection, patients that required a laparoscopic

conversion were older (converted vs laparoscopic; 16.7%

vs 14.2% aged > 80 years), more likely to be male (60.7%

vs 51.5%), have a high ASA grade (ASA 3 to 5; 34.5% vs

27.3%) and be obese (26.5% vs 21.3%; Table 1).

Figure 2 Selection of operative approach by patient gender and location of resection.

Table 1 Patient and disease characteristics of patients undergoing segmental colonic resection by approach.

Factor Levels Open

Laparoscopic

converted P -value Laparoscopic

Laparoscopic

converted P -value

Age < 55 227 (16.0) 60 (16.7) 0.032 450 (88.2) 60 (11.8) 0.001

55–70 497 (35.0) 109 (30.4) 807 (88.1) 109 (11.9)

70–80 421 (29.7) 129 (35.9) 633 (83.1) 129 (16.9)

> 80 274 (19.3) 60 (16.7) 312 (83.9) 60 (16.1)

Gender Female 694 (48.9) 141 (39.3) 0.001 1067 (88.3) 141 (11.7) 0.001

Male 725 (51.1) 218 (60.7) 1135 (83.9) 218 (16.1)

ASA class Low risk (ASA 1–2) 794 (56.0) 234 (65.2) 0.006 1596 (87.2) 234 (12.8) 0.017

High risk (ASA 3–5) 622 (43.8) 124 (34.5) 602 (82.9) 124 (17.1)

BMI Normal weight 511 (36.0) 104 (29.0) 0.047 745 (87.8) 104 (12.2) 0.032

Underweight 59 (4.2) 13 (3.6) 44 (77.2) 13 (22.8)

Overweight 498 (35.1) 131 (36.5) 820 (86.2) 131 (13.8)

Obese 287 (20.2) 95 (26.5) 468 (83.1) 95 (16.9)

History of

IHD/CVA

No 1111 (78.3) 302 (84.1) 0.015 1835 (85.9) 302 (14.1) 0.709

Yes 308 (21.7) 57 (15.9) 367 (86.6) 57 (13.4)

History of

diabetes mellitus

No 1183 (83.4) 301 (83.8) 0.345 1871 (86.1) 301 (13.9) 0.748

Diet or tablet controlled 115 (8.1) 36 (10.0) 184 (83.6) 36 (16.4)

Insulin controlled 37 (2.6) 7 (1.9) 44 (86.3) 7 (13.7)

Diabetes: any control 84 (5.9) 15 (4.2) 103 (87.3) 15 (12.7)

Smoking history Non-smoker 1187 (83.7) 291 (81.1) 0.392 1822 (86.2) 291 (13.8) 0.413

Current 183 (12.9) 51 (14.2) 261 (83.7) 51 (16.3)

Indication Benign 250 (17.6) 68 (18.9) 0.559 472 (87.4) 68 (12.6) 0.283

Malignant 1169 (82.4) 291 (81.1) 1730 (85.6) 291 (14.4)

Resection location Left colon 465 (32.8) 116 (32.3) 0.869 790 (87.2) 116 (12.8) 0.19

Right colon 954 (67.2) 243 (67.7) 1412 (85.3) 243 (14.7)

P -value derived from v2 test for categorical variables. % shown by row.

SD, Standard deviation; IQR, Interquartile range; IHD, Ischemic heart disease; CVA, Cerebrovascular accident; N/A, Not applicable.
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Unadjusted postoperative outcomes

Completed laparoscopic surgery was associated with low

rates of major postoperative complications, anastomotic

leaks and re-operation (Table 2). When comparing the

unadjusted postoperative outcomes between laparo-

scopic converted and open surgeries, there were no sig-

nificant differences in major postoperative complications

(9.7% vs 11.6%), re-operation (8.1% vs 6.8%), or anasto-

motic leak (9.5% vs 8.4%) rates between the groups.

Adjusted postoperative outcomes

The major complication rate was highest after open sur-

gery (laparoscopic 7.4%, converted 9.7%, open 11.6%,

P < 0.001). After adjustment for confounding factors,

in comparison to completed laparoscopic surgery, open

surgery was associated with increased major postopera-

tive complications (OR 1.64, 1.27–2.11, P < 0.001)

but laparoscopic converted surgery was not (OR 1.24,

0.83–1.87, P = 0.30; Table 3). The anastomotic leak

rate was highest after converted surgery (5.4%, 9.5%,

8.4% respectively, P < 0.001). In the multilevel model,

laparoscopic converted surgery (OR 2.07, 1.34–3.21,
P = 0.001) and open surgery (OR 1.87, 1.37–2.56,
P < 0.001) had similar higher risks of leak compared to

completed laparoscopic surgery (Table 4).

Predicting laparoscopic conversion to open surgery

In the multivariable analysis, independent predictors of

laparoscopic conversion were (Table 5):

1 Age ≥ 70 years (age 71–80, OR 1.55, 1.03–2.32,
P = 0.04; age > 80, OR 1.62, 1.00–2.61, P = 0.05)

2 Male gender (OR 1.50, 1.17–1.93, P = 0.001)

3 ASA grade 3–5 (OR 1.43, 1.07–1.92, P = 0.02)

4 Low BMI (Underweight, OR 2.37, 1.18–4.75,
P = 0.02)

Patients with a history of ischaemic heart disease or

cerebrovascular accident were less likely to have a con-

version (OR 0.65, 0.45–0.93, P = 0.02).

Discussion

This study showed that laparoscopic converted colonic

resection was not associated with increased major

complications compared to laparoscopic completed

surgery, or with increased anastomotic leaks compared

to open surgery. This supports laparoscopic resection

as the primary approach when colonic resection is

indicated. It suggests that following widespread imple-

mentation of laparoscopic surgery over the last two

decades, as surgical experience has increased colorectal

surgeons are now able to better select patients for

both a complete laparoscopic operation, and judge

intraoperatively to convert to an open procedure

(Fig. 3).

In this multicentre international study, two thirds of

patients underwent a planned laparoscopic operation.

This is one of the highest rates described worldwide

showing the high implementation of laparoscopic

approach in contemporary practice [12]. This study

did not collect data on previous surgery or size or

stage of lesion resection, which may have indicated that

an open operation in the first instance was entirely

appropriate. We also have not included robotic surgical

approaches in this analysis which may underestimate

the overall minimally invasive surgery rate. However,

our data provides scope to increase the laparoscopic

rate in units or areas where it has not yet been imple-

mented (including those in low and middle-income

settings).

Table 2 Outcomes of patients undergoing segmental colonic resection by approach.

Factor Levels Open

Laparoscopic

converted P -value Laparoscopic

Laparoscopic

converted P -value

Post-operative

complication

No major complication 1220 (86.0) 318 (88.6) 0.408 2009 (91.2) 318 (88.6) 0.261

Major complication 165 (11.6) 35 (9.7) 162 (7.4) 35 (9.7)

Missing 34 (2.4) 6 (1.7) 31 (1.4) 6 (1.7)

Leak No leak 1221 (86.0) 312 (86.9) 0.285 2047 (93.0) 312 (86.9) < 0.001

Leak 119 (8.4) 34 (9.5) 118 (5.4) 34 (9.5)

Re-operation No 1323 (93.2) 330 (91.9) 0.385 2079 (94.4) 330 (91.9) 0.064

Yes 96 (6.8) 29 (8.1) 123 (5.6) 29 (8.1)

Length of stay Mean (SD) 10.2 (6.1) 8.8 (5.8) < 0.001 7.1 (5) 8.8 (5.8) < 0.001

Major postoperative complications were pre-defined as Clavien-Dindo grade complications 3 to 5 (re-operation, re-intervention,

admission to critical care or death P -values derived from v2 test for categorical variables and Student’s T-test for parametric contin-

uous variables, % shown by column.
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The conversion rate was 14%, consistent with a

decreasing trend since the introduction of laparoscopic

surgery. In 2005, the CLASICC trial showed a laparo-

scopic conversion rate of 29.0% [3]. Subsequently, sev-

eral studies showed conversion rates between 10.4 and

29.0% with detrimental outcome [3,4,13–15]. More

recently, a Dutch national review reported a conversion

rate of 8.6% for colon cancer [13]. The literature has

been divided about whether conversion impacts detri-

mentally on short-term outcomes. Dutch series have

reported higher rates of postoperative complications in

patients who had laparoscopic conversion when com-

pared to open resections. These rates were significantly

higher in those with late conversion (> 30 min) com-

pared to early conversion (OR 1.34, 1.05–1.72). There
was no impact of conversion on mortality in these

patients [13]. In contrast, one of the largest series of

segmental resections reported, with 207 311 patients

operated in the United States, found that conversion

had a higher morbidity and mortality than completed

laparoscopic procedures, but better outcomes than pri-

mary open procedures [16]. Allaix et al. showed no sig-

nificant differences in short-term postoperative

morbidity, mortality, or hospital stay between converted

and laparoscopic completed group in a cohort of 1114

patients [5]. The present prospective multicentre study

Table 3 Univariable and multilevel models for major postoperative complications following colonic surgery.

Factor Levels

No major

complication

Major

complication OR (univariable) OR (multilevel)

Approach Laparoscopic 1827 (56.1) 145 (44.2) – (Reference) – (Reference)

Open 1134 (34.8) 151 (46.0) 1.68 (1.32–2.13, P < 0.001) 1.64 (1.27–2.11, P < 0.001)

Laparoscopic

converted

293 (9.0) 32 (9.8) 1.38 (0.91–2.03, P = 0.120) 1.24 (0.83–1.87, P = 0.297)

Age < 55 619 (19.0) 49 (14.9) – –

55–70 1179 (36.2) 108 (32.9) 1.16 (0.82–1.66, P = 0.415) 1.00 (0.68–1.48, P = 0.995)

70–80 960 (29.5) 101 (30.8) 1.33 (0.94–1.91, P = 0.117) 1.09 (0.72–1.65, P = 0.676)

> 80 496 (15.2) 70 (21.3) 1.78 (1.22–2.63, P = 0.003) 1.34 (0.85–2.12, P = 0.211)

Gender Female 1593 (49.0) 130 (39.6) – –

Male 1661 (51.0) 198 (60.4) 1.46 (1.16–1.84, P = 0.001) 1.38 (1.09–1.76, P = 0.008)

ASA class Low risk (ASA 1–2) 2208 (67.9) 179 (54.6) – –

High risk (ASA 3–5) 1046 (32.1) 149 (45.4) 1.76 (1.40–2.21, P < 0.001) 1.46 (1.12–1.92, P = 0.005)

BMI Normal weight 1177 (36.2) 115 (35.1) – –

Underweight 99 (3.0) 10 (3.0) 1.03 (0.49–1.94, P = 0.923) 1.05 (0.53–2.10, P = 0.884)

Overweight 1255 (38.6) 120 (36.6) 0.98 (0.75–1.28, P = 0.874) 0.92 (0.70–1.22, P = 0.576)

Obese 723 (22.2) 83 (25.3) 1.17 (0.87–1.58, P = 0.288) 1.06 (0.78–1.46, P = 0.704)

History of

IHD/CVA

No 2690 (82.7) 245 (74.7) – –

Yes 564 (17.3) 83 (25.3) 1.62 (1.23–2.10, P < 0.001) 1.29 (0.95–1.75, P = 0.097)

History of

diabetes

mellitus

No 2755 (84.7) 265 (80.8) – –

Diet or tablet

controlled

270 (8.3) 30 (9.1) 1.16 (0.76–1.69, P = 0.477) 1.00 (0.66–1.53, P = 0.991)

Insulin controlled 62 (1.9) 11 (3.4) 1.84 (0.91–3.41, P = 0.066) 1.34 (0.68–2.64, P = 0.403)

Diabetes: any control 167 (5.1) 22 (6.7) 1.37 (0.84–2.13, P = 0.182) 1.02 (0.61–1.69, P = 0.946)

Anticoagulant

or antiplatelet

use

No 997 (30.6) 99 (30.2) – –

Yes 185 (5.7) 25 (7.6) 1.36 (0.84–2.14, P = 0.195) 0.98 (0.60–1.61, P = 0.934)

Not collected 2072 (63.7) 204 (62.2) 0.99 (0.77–1.28, P = 0.947) 0.87 (0.65–1.17, P = 0.357)

Smoking

history

Non-smoker 2842 (87.3) 274 (83.5) – –

Current 412 (12.7) 54 (16.5) 1.36 (0.99–1.84, P = 0.052) 1.41 (1.02–1.94, P = 0.039)

Indication Benign 660 (20.3) 60 (18.3) – –

Malignant 2594 (79.7) 268 (81.7) 1.14 (0.85–1.54, P = 0.392) 0.97 (0.69–1.36, P = 0.839)

Resection

location

Left colon 1182 (36.3) 124 (37.8) – –

Right colon 2072 (63.7) 204 (62.2) 0.94 (0.74–1.19, P = 0.596) –

Major postoperative complications were pre-defined as Clavien-Dindo grade complications 3 to 5 (re-operation, re-intervention,

admission to critical care or death. Odds ratio (OR) presented with 95% confidence intervals. % shown by column.

SD, Standard deviation; IQR, Interquartile range; IHD, Ischemic heart disease; CVA, Cerebrovascular accident; N/A, Not

applicable.
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validates the findings of these retrospective analyses in a

modern, real-world cohort, demonstrating that conver-

sion does not place patients at increased risk of major

complications, nor does it alter the baseline risk of leak

to that of open surgery. This is likely to reflect satisfac-

tory patient selection for both the initial laparoscopic

procedure and conversion to open surgery; however, we

did not collect specific information on early vs later con-

versions, or the indication for conversion in this study.

Our data demonstrates that male gender, older age,

low BMI and higher ASA grade are all associated with a

higher risk of laparoscopic conversion. The factors

Table 4 Univariable and multilevel models for anastomotic leak amongst patients undergoing colonic surgery with anastomosis

only.

Factor Levels No leak Leak OR (univariable) OR (multilevel)

Approach Laparoscopic 1839 (56.8) 98 (43.8) – (Reference) – (Reference)

Open 1114 (34.4) 96 (42.9) 1.62 (1.21–2.16, P = 0.001) 1.87 (1.37–2.56, P < 0.001)

Laparoscopic

converted

285 (8.8) 30 (13.4) 1.98 (1.27–2.99, P = 0.002) 2.07 (1.34–3.21, P = 0.001)

Age < 55 599 (18.5) 44 (19.6) – –

55–70 1174 (36.3) 84 (37.5) 0.97 (0.67–1.43, P = 0.892) 0.94 (0.61–1.43, P = 0.756)

70–80 967 (29.9) 60 (26.8) 0.84 (0.57–1.27, P = 0.411) 0.79 (0.49–1.26, P = 0.313)

> 80 498 (15.4) 36 (16.1) 0.98 (0.62–1.55, P = 0.945) 0.86 (0.50–1.48, P = 0.583)

Gender Female 1570 (48.5) 90 (40.2) – –

Male 1668 (51.5) 134 (59.8) 1.40 (1.07–1.85, P = 0.016) 1.28 (0.96–1.71, P = 0.089)

ASA class Low risk (ASA 1–2) 2183 (67.4) 144 (64.3) – –

High risk (ASA 3–5) 1055 (32.6) 80 (35.7) 1.15 (0.86–1.52, P = 0.334) 1.03 (0.74–1.44, P = 0.844)

BMI Normal weight 1164 (35.9) 76 (33.9) – –

Underweight 96 (3.0) 6 (2.7) 0.96 (0.36–2.08, P = 0.920) 0.90 (0.38–2.16, P = 0.819)

Overweight 1254 (38.7) 86 (38.4) 1.05 (0.76–1.45, P = 0.763) 1.00 (0.72–1.39, P = 0.994)

Obese 724 (22.4) 56 (25.0) 1.18 (0.83–1.69, P = 0.353) 1.05 (0.72–1.53, P = 0.812)

History of

IHD/CVA

No 2660 (82.1) 177 (79.0) – –

Yes 578 (17.9) 47 (21.0) 1.22 (0.87–1.69, P = 0.239) 1.14 (0.77–1.67, P = 0.514)

History of

diabetes mellitus

No 2743 (84.7) 181 (80.8) – –

Diet or tablet

controlled

273 (8.4) 22 (9.8) 1.22 (0.75–1.89, P = 0.394) 1.33 (0.81–2.19, P = 0.256)

Insulin controlled 64 (2.0) 7 (3.1) 1.66 (0.68–3.43, P = 0.213) 1.63 (0.71–3.73, P = 0.251)

Diabetes:

any control

158 (4.9) 14 (6.2) 1.34 (0.73–2.29, P = 0.308) 0.94 (0.51–1.74, P = 0.841)

Anticoagulant

or antiplatelet

use

No 965 (29.8) 67 (29.9) – –

Yes 175 (5.4) 22 (9.8) 1.81 (1.07–2.96, P = 0.022) 1.84 (1.06–3.20, P = 0.031)

Not collected 2098 (64.8) 135 (60.3) 0.93 (0.69–1.26, P = 0.622) 1.25 (0.67–2.33, P = 0.481)

Smoking history Non-smoker 2818 (87.0) 187 (83.5) – –

Current 420 (13.0) 37 (16.5) 1.33 (0.91–1.89, P = 0.131) 1.22 (0.83–1.78, P = 0.310)

Indication Benign 616 (19.0) 51 (22.8) – –

Malignant 2622 (81.0) 173 (77.2) 0.80 (0.58–1.11, P = 0.170) 0.81 (0.55–1.19, P = 0.288)

Resection location Left colon 1140 (35.2) 89 (39.7) – –

Right colon 2098 (64.8) 135 (60.3) 0.82 (0.63–1.09, P = 0.172) –

Anastomotic

configuration

End to End 808 (25.0) 68 (30.4) – –

Side to Side 1359 (42.0) 100 (44.6) 0.87 (0.64–1.21, P = 0.411) 0.70 (0.38–1.28, P = 0.249)

Side to End 147 (4.5) 7 (3.1) 0.57 (0.23–1.17, P = 0.162) 0.43 (0.19–0.97, P = 0.043)

End to Side 134 (4.1) 4 (1.8) 0.35 (0.11–0.87, P = 0.047) 0.25 (0.08–0.82, P = 0.023)

Defunctioning

stoma

Yes 46 (1.4) 5 (2.2) – –

No 3192 (98.6) 219 (97.8) 0.63 (0.27–1.83, P = 0.334) 0.80 (0.31–2.10, P = 0.654)

Overall anastomotic leak was pre-defined as either i) gross anastomotic leakage proven radiologically or clinically, or ii) the presence

of an intraperitoneal (abdominal or pelvic) fluid collection on post-operative imaging. Odds ratio (OR) presented with 95% confi-

dence intervals. % shown by column.

SD, Standard deviation; IQR, Interquartile range; IHD, Ischemic heart disease; CVA, Cerebrovascular accident; N/A, Not

applicable.
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included within this model are not comprehensive; pres-

ence of intraabdominal abscess or fistula, previous sur-

gery and surgeon experience were not collected here

[17]. Therefore this analysis should be seen as explora-

tory only. Whilst, this study supports a laparoscopic first

approach where feasible, presentation of this data with

help tailor informed consent for patients undergoing

attempted laparoscopic colonic surgery using simple,

easily comprehensible patient factors. Despite equivalent

short-term patient outcomes, laparoscopic conversion is

not without consequence to patients and health sys-

tems. Health economic data from the United States

suggests a prolonged length of stay and significant cost

implication to laparoscopic conversion (adjusted mean

cost: $20 165) vs planned open ($18 797) or laparo-

scopic completed surgery ($16 206) [18]. Better under-

standing of why and when colorectal surgeons choose

to convert remains an important focus for future

research.

We have tried to mitigate against some of the limi-

tations of observational studies in our study methods.

In this case, firstly the inherent selection bias for

laparoscopic and open surgery may have varied

between centres and surgeons, subjecting patients to

different outcomes masked by a pooled analysis. This

bias is lessened by collating an international dataset

that was adjusted using mixed-effects modelling for

case-mix, was pre-planned and allows local units to

Table 5 Factors associated with laparoscopic completion amongst patients undergoing attempted laparoscopic colonic surgery.

Factor Levels

Minimally

invasive

completion Conversion OR (univariable) OR (multilevel)

Age < 55 414 (21.0) 56 (17.2) – –

55–70 727 (36.9) 101 (31.1) 1.03 (0.73–1.46, P = 0.880) 1.06 (0.72–1.56, P = 0.773)

70–80 561 (28.4) 113 (34.8) 1.49 (1.06–2.11, P = 0.024) 1.55 (1.03–2.32, P = 0.036)

> 80 270 (13.7) 55 (16.9) 1.51 (1.01–2.25, P = 0.046) 1.62 (1.00–2.61, P = 0.049)

Gender Female 961 (48.7) 129 (39.7) – –

Male 1011 (51.3) 196 (60.3) 1.44 (1.14–1.84, P = 0.003) 1.50 (1.17–1.93, P = 0.001)

ASA class Low risk

(ASA 1–2)

1450 (73.5) 213 (65.5) – –

High risk

(ASA 3–5)

522 (26.5) 112 (34.5) 1.46 (1.14–1.87, P = 0.003) 1.43 (1.07–1.92, P = 0.015)

BMI Normal weight 706 (35.8) 98 (30.2) – –

Underweight 41 (2.1) 12 (3.7) 2.11 (1.03–4.03, P = 0.031) 2.37 (1.18–4.75, P = 0.015)

Overweight 781 (39.6) 127 (39.1) 1.17 (0.88–1.56, P = 0.272) 1.10 (0.82–1.48, P = 0.529)

Obese 444 (22.5) 88 (27.1) 1.43 (1.04–1.95, P = 0.025) 1.33 (0.95–1.85, P = 0.093)

History of

IHD/CVA

No 1649 (83.6) 277 (85.2) – –

Yes 323 (16.4) 48 (14.8) 0.88 (0.63–1.22, P = 0.465) 0.65 (0.45–0.93, P = 0.020)

History of

diabetes mellitus

No 1684 (85.4) 272 (83.7) – –

Diet or tablet

controlled

161 (8.2) 32 (9.8) 1.23 (0.81–1.81, P = 0.310) 1.00 (0.65–1.54, P = 0.991)

Insulin

controlled

33 (1.7) 6 (1.8) 1.13 (0.42–2.53, P = 0.792) 0.88 (0.35–2.19, P = 0.785)

Diabetes:

any control

94 (4.8) 15 (4.6) 0.99 (0.54–1.68, P = 0.966) 0.91 (0.50–1.68, P = 0.774)

Anticoagulant

or antiplatelet use

No 640 (32.5) 98 (30.2) – –

Yes 110 (5.6) 14 (4.3) 0.83 (0.44–1.46, P = 0.543) 0.78 (0.42–1.47, P = 0.445)

Not collected 1222 (62.0) 213 (65.5) 1.14 (0.88–1.48, P = 0.324) 1.12 (0.83–1.51, P = 0.443)

Smoking history Non-smoker 1729 (87.7) 275 (84.6) – –

Current 243 (12.3) 50 (15.4) 1.29 (0.92–1.79, P = 0.126) 1.35 (0.96–1.90, P = 0.089)

Indication Benign 430 (21.8) 64 (19.7) – –

Malignant 1542 (78.2) 261 (80.3) 1.14 (0.85–1.54, P = 0.391) 0.91 (0.64–1.29, P = 0.588)

Resection location Left colon 750 (38.0) 112 (34.5) – –

Right colon 1222 (62.0) 213 (65.5) 1.17 (0.91–1.50, P = 0.218) –

Odds ratio (OR) presented with 95% confidence intervals. % shown by column.

SD, Standard deviation; IQR, Interquartile range; IHD, Ischemic heart disease; CVA, Cerebrovascular accident; N/A, Not applicable.
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benchmark their own performance against. The chance

of selection and reporting biases was further reduced

by the inclusion of all eligible patients at each centre.

Other studies have reported contemporary practice in

laparoscopic colonic surgery, including larger patient

groups than included here. However, these include

data from a single country and are retrospective analy-

ses of registries [16,19]. Prospective data collection,

pre-specified analysis plans, and an international cohort

from 48 countries increases external validity of our

study findings. There was a 2-year interval in data col-

lection between right-sided (2015) and left-sided

(2017) resections. Increasing surgeon experience over

these 2 years may have led to reduced conversions and

improved postoperative outcomes within the left-sided

resection group. However, the site of resection was not

identified as a significant predictor of conversion, indi-

cating that this short interval did not have a significant

impact on this study.

Although we did not analyse by unit or country (as

pre-planned in the study protocol), identifying and

reaching units that have low laparoscopy rates to safely

increase patients’ access to technology should be a pri-

ority. The introduction of laparoscopic colonic surgery

over the past 25 years is a model for dissemination of

new surgical techniques and makes this an example of

an IDEAL phase 4 study [20].
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(RMC, Beilinson Campus); M. R. Freund, S. Dorot, Y.

Edden, G. Halfteck, P. Reissman (Shaare Zedek Medi-

cal Center); Y. Edden, R. Pery (Sheba Medical Center);

H. Tulchinsky, A. Weizman (Sourasky Medical Center).

Italy: F. Agresta, R. Curinga, E. Finotti, G. Savino,

L. A. Verza (Adria Hospital); C. R. Asteria, L. Boccia,

A. Pascariello (ASST - Mantua); N. Tamini, A. Bugatti,

L. Gianotti, M. Totis (Asst-Monza, Ospedale San Ger-

ardo); L. Vincenti, V. Andriola, I. Giannini, E. Trava-

glio (Azienda Ospedaliero Universitaria Consorziale

Policlinico di Bari); R. Balestri, P. Buccianti, N. Roffi,

E. Rossi, L. Urbani (Azienda Ospedaliero Universitaria

Pisana); A. Mellano, A. Cinquegrana (Candiolo Cancer

Institute IRCCS); A. Lauretta, C. Belluco (Chirurgia

Oncologica Generale, IRCCS Centro di Riferimento

Oncologico, Aviano); M. Mistrangelo, M. E. Allaix, S.

Arolfo, M. Morino, V. Testa (Citta della Salute e della

Scienza di Torino); P. Delrio, U. Pace, D. Rega, D.

Scala (Division of Colorectal Surgery, Department of

Abdominal Surgery, Istituto Nazionale Tumori “Fon-

dazione G.Pascale “, IRCCS Naples); G. Gallo, G. Cler-

ico, S. Cornaglia, A. Realis Luc, M. Trompetto

(Department of Colorectal Surgery, S. Rita Clinic); G.

Ugolini, N. Antonacci, S. Fabbri, I. Montroni, D. Zat-

toni (Faenza Hospital); C. D’Urbano, A. Cornelli, M.

Viti (G. Salvini); M. Inama, M. Bacchion, A. Casaril, H.

Impellizzeri, G. Moretto (Hospital Dott. Pederzoli); A.

Spinelli, M. Carvello, G. David, F. Di Candido, M. Sac-

chi (Humanitas Research Hospital); A. Frontali, V.

Ceriani, M. Molteni (IRCCS MultiMedica); R. Rosati,

F. Aleotti, U. Elmore, M. Lemma, A. Vignali (IRCCS

San Raffaele, Department of Gastrointestinal Surgery);

S. Scabini, G. Casoni Pattacini, A. Luzzi, E. Romairone

(Policlinico San Martino, Genoa); F. Marino, D. Lor-

usso, F. Pezzolla (Dept. of General Surgery, IRCCS

“Saverio de Bellis”, Castellana Grotte (Ba)); F.

Colombo, C. Baldi, D. Foschi, G. Sampietro, L. Sor-

rentino (L. Sacco University Hospital); S. Di Saverio, A.

Birindelli, E. Segalini, D. Spacca (Maggiore Hospital);

G. M. Romano, A. Belli, F. Bianco, S. De franciscis, A.

Falato (Surgical Oncology Istituto Nazionale Tumori

G.Pascale Naples); A. Muratore, P. Marsanic (Ospedale

Agnelli Pinerolo); S. Grimaldi, N. Castaldo, M. G.

Ciolli, P. Picarella, R. Porfidia (Ospedale Convenzion-

ato Villa dei Fiori Acerra); S. Di Saverio, A. Birindelli,

G. Tugnoli (Ospedale Maggiore); A. Bondurri, D.

Cavallo, A. Maffioli, A. Pertusati (Ospedale Sacco Italy);

F. Pulighe, F. Balestra, C. De Nisco, M. Podda (Ospe-

dale San Francesco); E. Opocher, M. Longhi, N. M.

Mariani, N. Maroni, A. Pisani Ceretti (Ospedale San

Paolo); R. Galleano, P. Aonzo, G. Curletti, L. Reggiani

(Ospedale Santa Corona); M. Marconi, L. Del Prete,

M. Oldani, R. Pappalardo, S. Zaccone l (Ospedale Santa

Maria delle Stelle); M. Scatizzi, M. Baraghini, S. Canta-

fio, F. Feroci, I. Giani (Ospedale Santo Stefano, Prato);

R. Tutino, G. Cocorullo, G. Gulotta, L. Licari, G. Sala-

mone (Policlinico ‘P. Giaccone’); P. Sileri, F. Saraceno

(Policlinico Tor Vergata); F. La Torre, P. Chirletti, D.

Coletta, G. De Toma, A. Mingoli (Policlinico Umberto

I ‘Sapienza University’); M. Papandrea, E. De Luca, R.

Sacco, G. Sammarco, G. Vescio (Policlinico Universi-

tario di Catanzaro); V. Tonini, S. Bianchini, M. Cervel-

lera, S. Vaccari (Policlinico universitario Sant’Orsola-

Malpighi, Universita degli Studi di Bologna); N.

Cracco, G. Barugola, E. Bertocchi, R. Rossini, G. Ruffo

(Sacro Cuore Don Calabria Hospital); A. Sartori, N.

Clemente, M. De Luca, A. De Luca, G. Scaffidi (San

Valentino Hospital); L. Lorenzon, G. Balducci, T. Boc-

chetti, M. Ferri, P. Mercantini (Sant’Andrea Hospital);

F. Pata, S. Bauce, A. Benevento, C. Bottini, P. R. Crapa
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(Sant’ Antonio Abate Hospital, Gallarate); M. Rubbini,

G. Anania, P. Carcoforo, G. Cavallesco, C. Feo

(University Hospital of Ferrara).

Japan: T. Yamamoto (Yokkaichi Hazu Medical Cen-

tre).

Latvia: A. Sivins, G. Ancans, S. Gerkis, R. Lunis, A.

Pcolkins (Latvia Oncology Center).

Lithuania: D. Venskutonis, S. Bradulskis, E. Dainius,

A. Subocius, J. Vencius (Deparment of General Sur-

gery, LSMU, Kaunas Clinical Hospital); P. Zeromskas,

V. Eismontas, V. Nutautiene, D. Simcikas, A. Tamosiu-

nas (Klaipeda University Hospital); S. Svagzdys, T. Lat-

kauskas, P. Lizdenis, Z. Saladzinskas, A. Tamelis

(Lithuanian University of Health Sciences Hospital

Kauno Klinikos); A. Dulskas, J. Kuliavas, N. E.

Samalavicius (National Cancer Institute, Lithuania); T.

Poskus, V. Jotautas, S. Mikalauskas, E. Poskus, K. Stru-

pas (Vilnius University).

Malaysia: A. D. Zakaria, N. N.Lah, M. Wong, W. Z.

Zain, Z. Zakaria (Department of Surgery, School of

Medical Sciences, Universiti Sains Malaysia / Hospital

Universiti Sains Malaysia); L. Mazlan, Z. A. Mohd

Azman, I. Sagap (UKM Medical Centre).

Malta: J. Psaila, P. Andrejevic, C. Cini, S. Ellul, K.

Pace (Mater Dei Hospital). Morocco: M. Ahallat, M.

Hamid, A. Hrora, M. A. Majbar, M. Raiss (Ibn Sina

University Hospital).

Netherlands: E. Westerduin, W. Bemelman, C. Bus-

kens, P. Tanis (Academic Medical Centre); P.C. van der

Sluis, P.H. Davids, A. Pronk, A.H.W. Schiphorst, N.

Smakman (Diakonessenhuis); D. Zimmerman, T.

Koeter, J. Stijns, Y-T. van Loon (Elisabeth TweeSteden

Hospital); M. Vermaas, E. de Graaf, P. Doornebosch, P.

van Hagen, O. van Ruler (Ijsselland Ziekenhuis); B.

Toorenvliet, J. Nonner, I. van den Berg, L. van Steensel,

W. Vles (Ikazia); J. Melenhorst, R. Orsini, R. Visschers

(Maastricht University Medical Centre); C. Hoff (Medi-

cal Center Leeuwarden); R. Blom, H. Marsman (Onze

Lieve Vrouwe Gasthuis); I. Mulder, H. Cense, S. de

Castro, A. Demirkiran, M. Hunfeld (Rode Kruis Zieken-

huis Beverwijk); A. van Geloven, J. de Groof, E. Hen-

driks, M. Leeuwenburg, N. van Oorschot (Tergooi); F.

Wit, C. Rupert, P. Veldman (Tjongerschans ziekenhuis);

M. Keijzers, J. Konsten (VieCuri Medisch Centrum voor

Noord Limburg); F. Den Boer, M. Corver (Zaans Medi-

cal Center); E. G.. Boerma, L. Koolen, M. Martens, K.

Van Wijck (Zuyderland Medical Center).

Norway: D. Ignjatovic, R. Breuer, B. Gurpreet, T.

Oresland, T. Tetens Moe (Akershus University Hospi-

tal); A. Nesbakken, I. Flaaten Backe, T-A. Wik (Oslo

University Hospital); K. Radiya, T. Dehli, P. Gjessing,

S. Norderval, K. Woll (University Hospital of North

Norway).

Pakistan: M. Anwer, M. S. Qureshi (JPMC WARD

2); A. U. Qureshi, M. Billah, M. Y. Jawad, A. Raza, N.

Urooj (King Edward Medical University/Mayo Hospi-

tal, Lahore).

People’s Republic of China: X. Wang, L. Li (West

China Hospital in Sichuan University).

Poland: D. Jajtner, B. Gasinski, W. Kabiesz (Beskid-

ian Oncology Center); P. Walega, M. Romaniszyn

(Third Department of General Surgery, Jagiellonian

University Medical College); M. Zawadzki, R. Czar-

necki, Z. Obuszko, M. Rzaca, M. Sitarska (Wojew�odzki

Szpital Specjalistyczny).

Portugal: P. Silva, A. Duarte, D. Gonc�alves, M.

Morais (Centro Hospitalar de S. Jo~ao); N. Rama, J.

Nobre, I. Sales (Centro Hospitalar Leiria, EPE); J.

Costa Pereira, S. Costa, C. Costa Pereira, C. Insua, I.

Romero (Centro Hospitalar Tâmega e Sousa); N. Fig-

ueiredo, J. Cunha, H. Domingos, P. Vieira (Champali-

maud Foundation); M. Cunha, M. Americano, E.

Amorim, J. Rachadell (Cirurgia 2 - CHA - Unidade

Portim~ao); J. M. Carvas, I. Armas, P. Fernandes, C.

Pires, R. Reis (Hospital de Braganc�a); R. Martins, M.

Dos Santos, P. Henriques (Hospital de Faro, Centro

Hospitalar do Algarve); O. Oliveira, M. Duarte, L. Fer-

reira, J. Miranda, N. Vilela (Hospital Distrital de San-

tar�em, E.P.E.); J. Corte Real, S. Carlos, M. Frois

Borges, P. Moniz Pereira, J. Sim~oes (Hospital Garcia de

Orta); P. Silva-vaz, V. Bettencourt, A. Gouveia, H.

Perez, R. Rainho (Unidade Local de Sa�ude de Castelo

Branco).

Romania: V. Bintintan, C. Ciuce, G. Dindelegan, R.

Scurtu, R. Seicean (Clinica Chirurgie I); D. Cristian, T.

Burcos, F. Grama, D. M. Mandi, G. Richiteanu (Coltea

Clinical Hospital); A. Miron, V. Calu, O. Enciu, M.

Nadragea, R. Parvuletu (Elias Emergency Hospital); S.

S. Mogoanta, A. Crafciuc, S. Paitici (Emergency County

Hospital of Craiova); I. Negoi, M. Beuran, C. Ciubo-

taru, A. Prodan, M. Vartic (Emergency Hospital of

Bucharest); V. Tomulescu, C. Copaescu (Ponderas Aca-

demic Hospital).

Russia: A. Yanishev, A. Abelevich, A. Kokobelyan,

M. Lebedeva, R. Luzan (FSBEI HE PRMU MOH); A.

Pozdnyakov, D. Cherdancev, D. Mahotin, A. Nesytykh,

V. Samsonyuk (Krasnoyarsk Regional Clinical Hospital);

I. Pravosudov, D. Ivlev, A. Karachun, K. Lebedev, D.

Samsonov (N.N. Petrov National Medical Research

Center of Oncology); R. Aiupov, D. Feoktistov, M.

Garipov, N. Suleymanov, N. Tarasov (Republican

Oncological Centre, Ufa); A. Rasulov, H. Dzhumabaev,

Z. Mamedli (Russian Cancer Research Center); A. Bed-

zhanyan (Russian Research Center of Surgery named

after B.V.Petrovsky); D. Popov, A. Sednev, A. Kli-

menko, A. Semenov, S. Vasilyev (Saint-Petersburg City
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Hospital 9); A. Khazov, M. Khanevich, G. Khrykov

(Saint-Petersburg Clinical Oncological Health Center);

S. Katorkin, P. Andreev, A. Chernov, O. Davidova, A.

Zhuravlev (Samara State Medical University); S. Achka-

sov, D. Shakhmatov, Y. Shelygin, O. Sushkov, A. Var-

danyan (State Scientific Centre of Coloproctology); A.

Ilkanich, N. Barbashinov, V. Darvin, S. Onishchenko,

Y. Voronin (Surgut District Hospital).

Serbia: Z. Krivokapi�c, G. Bari�si�c, I. Dimitrijevi�c, V.

Markovi�c, A. Sekuli�c (Clinic for Digestive Surgery-First

Surgical Clinic, Clinical Center of Serbia, University of

Belgrade, Medical Faculty); G. Stanojevic, B. Brankovic,

M. Nestorovic, V. Pecic, D. Petrovic (Clinic for General

Surgery, Clinical Center Nis); I. Kostic, A. Aleksic, D.

Dabic, B. Maric, V. Perunicic (General Hospital Cacak);

Z. Radovanovic, M. Djuric, D. Lukic, D. Radovanovic

(Oncology Institute of Vojvodina); V. Cuk, V. Cuk, J.

Juloski, M. Kenic, I. Krdzic (Surgical Clinic KBC Zvez-

dara).

Singapore: J. C. Ngu, Y. Y. Ng, N. Teo (Changi

General Hospital).

Slovak Republic: J. Korcek, A. Lazorisak, (Faculty

Hospital Nitra).

Slovenia: M. Rems, �S. Ramov�s Trampu�s (General

Hospital Jesenice); A. Tomazic, J. Grosek, J. Kosir, G.

Norcic (University Medical Centre Ljubljana).

Spain: V. Vigorita, N. Caceres, E. Casal, A. Ruano,

I. Trostchansky (Alvaro Cunqueiro Hospital); T. Golda,

A. Galvez Salda~na, E. Kreisler Moreno, J. Lopez Dom-

inguez, M. Vila Tura (Bellvitge University Hospital); F.

Labarga, P. Galvez, V. Maderuelo, C. Suero (Complejo

Asistencial Universitario de Palencia); J. Bargallo, L.

Cayetano, S. Lamas, M. C. Silva (Consorci Sanitari de

Terrassa - Hospital de Terrassa); J. C. Bernal-Sprekel-

sen, R. G�omez, S. Jare~no, A. R�ıos, D. Vercher (Consor-

cio Hospital General Universitario); J-M. Garc�ıa-

Gonz�alez, J. Cervera-Aldama, J. Ramos-Prada, M. San-

tamar�ıa-Olabarrieta (Cruces University Hospital); N.

Borda, J. M. Enrriquez-Navascu�es, Y. Saralegui (Donos-

tia Universitary Hospital); A. Calero-Lillo, S. Aznar-

Puig, M. A. L�opez-Lara, S. Mu~noz-Collado, J. Val-

verde-Sintas (Fundacio Hospital Esperit Sant); P.

Menendez, C. Leon (Gutierrez Ortega Hospital); N.

Truan, R. Baldonedo, D. Fern�andez-Mart�ınez, J. Otero,

L. Solar-Garc�ıa (Hospital Universitario Central de

Asturias); V. Turrado-Rodriguez, F. de Lacy Oliver, A.

M. Lacy Fortuny, B. Martin Perez, A. M. Otero Pi~neiro

(Hospital Clinic Barcelona); J. Paredes, F. Fernandez,

M. J. Ladra, A. Paulos, D. Prieto (Hospital Clinico

Universitario de Santiago de Compostela); J. P. Beltr�an

de Heredia, F. Blanco Antona, B. de Andr�es Asenjo, C.

Ferreras Garc�ıa, A. Romero de Diego (Hospital Cl�ınico

Universitario de Valladolid); E. Cordoba Diaz de

Laspra, E. Echazarreta Gallego, M. Elia Guedea (Hospi-

tal Clinico Universitario de Zaragoza); D. Escola, S.

Martinez (Hospital Comarcal Alt Penedes); V. Primo

Romaguera, R. Parre~no, L. Pastor, E. Rosell (Hospital

de D�enia); R. Lozoya Trujillo, R. Al�os Company, M.

D. Ruiz Carmona, A. Solana Bueno (Hospital de

Sagunto); S. Salvans Ruiz, S. Alonso Gonc�alves, M.

Jim�enez- Toscano, M. Pascual Damieta, M. Pera

Roman (Hospital Del Mar); E. M. Pellicer-Franco, J. A.

Garcia-Marin, M. Mengual-Ballester, V. Soria-Aledo, G.

Valero-Navarro (Hospital Morales Meseguer); M. Vice-

nte-Ruiz, C. Garcia-Zamora, A. Gonzalez-Gil, M. J.

Montoya-Tabares, M. Paredes-Quiles (Hospital Rafael

Mendez); J. Die Trill, P. Abadia, I. Moreno, J. D. Pina,

D. Ramos Rubio (Hospital Ramon y Cajal); J. Escartin,

J. L. Blas, J. Fernando, R. Ferrer, J. Garcia Egea

(Hospital Royo Villanova); I. Pros, W. Martinez, J.

Rius, M. Soc�ıas (Hospital Sant Joan de Deu de Mar-

torell); D. Sabia, J. Castellvi Valls, V. Gonzalez Santin,

S. Mompart Garcia, L. Viso Pons (Hospital Sant Joan

Desp�ı Moises Broggi); D. Juli�a, A. Codina-Cazador, R.

Farr�es, N. G�omez, P. Planellas (Hospital Universitari de

Girona Doctor Josep Trueta); M. Cuadrado, I. Camps

(Hospital Universitari Germans Trias I Pujol); M.

Rufas, J. Escoll, A. Fermi~n�an, P. Muriel, E. Sierra

(Hospital Universitario Arnau de Vilanova de Lerida);

C. Alvarez-Laso, P. Lora, H. Padin (Hospital Universi-

tario de Cabue~nes); J. Garcia-Septiem, C. Bustamante,

V. Jimenez, J. Jimenez-Miramon, J. L. Ramos (Hospital

Universitario de Getafe); A. B. Gallardo, P. Benito, L.

Colao, P. Galindo, C. Garcia (Hospital Universitario de

Torrej�on de Ardoz); A. Forero-Torres, A. Alonso Poza,

B. Dieguez Fernandez, C. Gilsanz Martin, M. Hernan-

dez Garcia (Hospital Universitario del Sureste); J. A.

Rojo L�opez, J. M. Gil L�opez, M. Gonz�alez Zunz�arren,

J. Mart�ınez Alegre, L. P. Zorrilla Matilla (Hospital

Universitario Infanta Sofia); A. Navarro-S�anchez, F. J.

Alcal�a Serrano, J. L�opez-Fern�andez, D. Montesdeoca

Cabrera (Hospital Universitario Insular de Gran

Canaria); M. Alvarez-Gallego, J. Guevara, I. Pascual

Miguela~nez, I. Rubio-Perez (Hospital Universitario La

Paz); M. Gomez Ruiz, J. Alonso Mart�ın, C. Cagigas

Fern�andez, J. Castillo Diego (Hospital Universitario

Marques de Valdecilla); J. A. Pando, C. Maristany, A.

Mu~noz-Duyos, A. Rada-Palomino, H. Vargas-Pierola

(Hospital Universitario Mutua Terrassa); E. Pe~na Ros, J.

A. Benavides Buleje, J. M. Mu~noz Camarena, P. A. Parra

Ba~nos, M. Ramirez Faraco (Hospital Universitario Reina

Sof�ıa); J. J. Arenal, M. A. Citores, J. L. Marcos, J.

S�anchez, C. Tinoco (Hospital Universitario R�ıo Hor-

tega); L. J. Garc�ıa Fl�orez, R. D. Arias Pacheco, G.

M�ınguez Ruiz, N. Guti�errez Corral, A. Rodr�ıguez

Infante (Hospital Universitario San Agust�ın); M. J.
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Carrillo L�opez, M. M. Carrasco Prats, A. Lage Laredo,
�A. Mart�ınez Manzano, P. Rodr�ıguez Garc�ıa (Hospital

Universitario Santa Lucia); J. J. Segura-Sampedro, N.

Alonso-Hern�andez, M. Fernandez Isart, M. Gamundi

Cuesta, A. Ochogavia Segui (Hospital Universitario Son

Espases); N. Iba~nez, J. Abrisqueta, J. Lujan (Hospital

Universitario Virgen de la Arrixaca); R. G�omez P�erez, E.

Corrales Valero, C. Monje Salazar, E. Sanchiz Cardenas,

R. Soler Humanes (Hospital Universitario Virgen de la

Victoria); R. M. Jimenez-Rodriguez, F. De la Portilla, J.

M. Diaz Pavon, A. M. Garcia Cabrera, M. L. Reyes Diaz

(Hospital Universitario Virgen del Rocio); E. Espin, F.

Marinello, M. Mart�ı, J. L. Sanchez, F. Vallribera (Hospi-

tal Valle de Hebron); F. J. Orts Mico, M. Ortin Navarro,

M. Perez Climent, C. Serra Diaz (Hospital Virgen de los

Lirios); M. Millan, A. Caro, J. Escuder, B. Espina, F.

Feliu (Joan XXIII University Hospital); A. Climent Aira,

A. Est�evez Diz, M. T. Moreno Asencio, A. Varela Mato,

R. V�azquez Bouz�an (POVISA Hospital); A. M. Minaya-

Bravo, M.M. Diez-Alonso, R. Villeta-Plaza (Principe de

Asturias Hospital); H. Guadalajara, D. Al�ıas, D. Garc�ıa

Olmo, C. Pastor, I. Valverde (Quironsalud Publicos); A.

Sanchez Romero, A. Gardea, M. Gil Santos, T. Nimmers-

gern, P. Serrano Paz (Unidad de Coloproctorlogia,

Hospital Vinalop�o-Torrevieja); M. Romero-Sim�o, T.

Blasco-Segura, I. Caravaca-Garc�ıa, D. Costa-Navarro, A.

Zarco-Pleguezuelos (University General Hospital of Ali-

cante); L. S�anchez-Guill�en, B. Flor-Lorente, M. Frasson,
�A. Garc�ıa-Granero, E. Garc�ıa-Granero (University

Hospital La Fe Valencia); B. Arencibia, J. Alonso, G.

Febles, E. M. Nogu�es, C. Roque (University Hospital of

Gran Canaria Dr. Negr�ın).

Sweden: J. Segelman, J. Nygren (Ersta Hospital); G.

Nestler (Falu lasarett); M. Abraham-Nordling, M.

Egenvall (Karolinska University Hospital); P. Myrelid,

B. Jung, P. Loft�as (Link€oping University Hospital); M-

L. Lydrup, N. Azahr, P. Buchwald, P. Mangell, I. Syk

(Skane University Hospital); M. Nikberg, J. Carlander,

A. Chabok, K. Smedh, C. Tiselius (V€astmanlands

Hospital V€aster�as); S. Haapaniemi, A. Benckert (Vrin-

nevi Hospital Norrkoping).

Switzerland: M. Adamina, C. Freil-Lanter, C. Gin-

gert, P. M€uller, J. Sch€afli (Kantonsspital Winterthur); L.

Regusci, M. Brenna, F. Fasolini (Regional Hospital

Mendrisio); H. Misteli, P. Kirchhoff, D. Oertli (Univer-

sity Hospital Basel, Switzerland); D. Hahnloser, D.

Clerc, M. H€ubner (University Hospital of Lausanne,

CHUV); F. Ris, N. C. Buchs, M. Chevallay, P. Morel,

B. Schiltz (University Hospitals Geneva).

Taiwan: J. Y. Wang, W-C. Su, C-W. Huang, C-J. Ma,

H-L. Tsai (Kaohsiung Medical University Hospital).

Turkey: D. Bugra (American Hospital); F. Agalar, H.

Baloglu, I. Basoglu (Anadolu Medical Center [in aff

with Johns Hopkins Med]); N. Okkabaz, E. Binboga,

A. Biricik, A. Celik, E. Yavuz (Bagcilar Training and

Research Hospital); A. E. Canda, C. Agalar, M. Fuzun,

S. Sokmen, C. Terzi (Dokuz Eylul University); A. Isik

(Erzincan University, Mengucek Gazi Training and

Research Hospital); B. Karip, A. C. Bilgili (Fatih Sultan

Mehmet Training and Research Hospital); S. Leven-
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Huerga, E. P�erez Viejo, A. Rivera, E. Ruiz Ucar (Hospi-

tal Universitario de Fuenlabrada); J. Garcia-Septiem, V.
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Rodriguez Alvarez (Hospital Universitario de Getafe); A.

Garcea, L. Ponchietti (Hospital Universitario de Torre-
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Ortega, A. Picardo Nieto Antonio (Infanta Sofia Univer-

sity Hospital); A. Caro, J. Escuder, F. Feliu, M. Millan

(Joan XXIII University Hospital); R. Alos Company, A.

Frangi Caregnato, R. Lozoya Trujillo, R. Rodr�ıguez
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tero, M. Angoso Clavijo, J. Garcia, J. Sanchez Tocino

(Universitario de Salamanca); C. G�omez-Alcazar, D.
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Brown, E. Macdonald, A. Mckay, J. Richards, A.

Robertson (Forth Valley Royal Hospital); M. Kaushal,

P. Patel, S. Tezas, N. Touqan (Furness General Hospi-
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Edward Infirmary); N. Alam, I. Daniels, S. Narang, S.

Pathak, N. Smart (Royal Devon and Exeter Hospital);
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Correction added on 30 October 2018, after first online

and print publication: the author A. D’Hoore was

added as a 2017 collaborator from University Hospital

Leuven.
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