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Abstract

Introduction Some evidence suggests that primary

anastomosis following left sided colorectal resection in

the emergency setting may be safe in selected patients,

and confer favourable outcomes to permanent enteros-

tomy. The aim of this study was to compare the major

postoperative complication rate in patients undergoing

end stoma vs primary anastomosis following emergency

left sided colorectal resection.

Methods A pre-planned analysis of the European Soci-

ety of Coloproctology 2017 audit. Adult patients

(> 16 years) who underwent emergency (unplanned,

within 24 h of hospital admission) left sided colonic or

rectal resection were included. The primary endpoint

was the 30-day major complication rate (Clavien-Dindo

grade 3 to 5).

Results From 591 patients, 455 (77%) received an end

stoma, 103 a primary anastomosis (17%) and 33 pri-

mary anastomosis with defunctioning stoma (6%). In

multivariable models, anastomosis was associated with a

similar major complication rate to end stoma (adjusted

odds ratio for end stoma 1.52, 95%CI 0.83–2.79,
P = 0.173). Although a defunctioning stoma was not

associated with reduced anastomotic leak (12% defunc-

tioned [4/33] vs 13% not defunctioned [13/97],

adjusted odds ratio 2.19, 95%CI 0.43–11.02,
P = 0.343), it was associated with less severe complica-

tions (75% [3/4] with defunctioning stoma, 86.7%

anastomosis only [13/15]), a lower mortality rate (0%

[0/4] vs 20% [3/15]), and fewer reoperations (50%

[2/4] vs 73% [11/15]) when a leak did occur.

Conclusions Primary anastomosis in selected patients

appears safe after left sided emergency colorectal resec-

tion. A defunctioning stoma might mitigate against risk

of subsequent complications.

Keywords Surgery, emergency surgery, colon cancer,

rectal cancer, gastrointestinal surgery, anastomotic leak,

surgical complications, surgical outcomes

What does this paper add to the literature?

Anastomosis after emergency left sided colorectal resec-
tion is performed in up to one in five patients. In these
highly selected patients, this study suggests that it is safe
practice. A defunctioning stoma may mitigate against
risk if an anastomotic leak subsequently occurs.

Introduction

In patients undergoing emergency left sided colorectal

surgery, resection with end colostomy is a commonly

described procedure. Concerns about the safety of

any anastomosis in the emergency setting are particu-

larly high in the presence of contamination or an

unstable patient [1,2]. Although a stoma avoids the

risk of anastomotic leak, it carries with its own mor-

bidity and mortality profile (27–55% and 4–27%
respectively) [2]. For patients that undergo end stoma

formation, the reversal rate is as low as 44% in pub-

lished series [3], with a significant impact on long-

term quality of life and a risk of stoma-related com-

plications.

Many studies have evaluated primary anastomosis

in the emergency setting with generally favourable

results. Multiple single-centre, retrospective, observa-

tional studies have demonstrated that anastomosis

can be safely performed in selected patients within
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the emergency setting, even in presence of peritonitis

[4–6]. However, the number of supporting ran-

domised trials in the literature is low and those that

exist are mainly related to peritonitis secondary to

perforated diverticulitis, with primary anastomosis

often only undertaken by specialised colorectal sur-

geons [4,7,8].

Decision-making about whether to create a primary

anastomosis in selected, stable patients in an emergency

setting remains a challenge for the individual surgeon.

The decision must take into account patient comorbidi-

ties, intraoperative findings, underlying colorectal

pathology, clinical status of the patient and expertise of

the surgeon [9]. The aim of this multi-centre interna-

tional study was to examine whether current decision-

making in real-world settings supports primary anasto-

mosis as a safe technique in selected patients after emer-

gency left sided colorectal resection.

Methods

Protocol and centres

This prospective, observational, multi-centre study was

conducted in line with a pre-specified protocol

(http://www.escp.eu.com/research/cohort-studies).

All participating centres were responsible for

compliance 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 participat-

ing centres. Any unit performing gastrointestinal sur-

gery was eligible to register to enter patients into the

study. No minimum case volume, or centre-specific

limitations were applied. The study protocol was dis-

seminated to registered members of the European Soci-

ety of Coloproctology (ESCP), and through national

surgical or colorectal societies. This study represents

planned analysis of the European Society of Coloproc-

tology 2017 audit database.

Patient eligibility

Adult patients (> 16 years) undergoing left side colec-

tomy or rectal resection, via any operative approach in

emergency settings (within 24 h of hospital admission)

were extracted from the ESCP 2017 Left Colon, Sig-

moid and Rectal Resections Audit database. Any indica-

tion for surgery (benign or malignant) were eligible.

Patients undergoing planned elective surgery were

excluded, as were those undergoing left colorectal resec-

tion as part of a more extensive resection (e.g. subtotal

colectomy, panproctocolectomy).

Excluded from analysis (n= 5050)
- Patients undergoing elective or expedited
  surgery (n= 5050)

Patients undergoing emergency
 surgery (n=591)

Primary restorative anastomosis formed 
(n=136)

Figure 1 Flowchart for patients included in the analysis of postoperative outcomes of emergency colorectal surgery.
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Data capture

Consecutive sampling was performed of eligible patients

over an 8-week study period in each included centre.

Local investigators commenced data collection on any

date between the 1 January 2017 and 15 March 2017,

with the last eligible patient being enrolled on 10 May

2017. Small teams of up to five surgeons or surgical

trainees worked together to collect prospective data on

all eligible patients at each centre. Quality assurance was

provided by at least one consultant or attending-level

surgeon. Data was recorded contemporaneously and

stored on a secure, user-encrypted online platform

(REDCap) without using patient identifiable

information. Centres were asked to validate that all eli-

gible patients during the study period had been entered,

and to attain > 95% completeness of data field entry

prior to final submission.

Outcome measure

The primary outcome measure was the 30-day postop-

erative major complication rate other, defined as Cla-

vien-Dindo classification grade 3–5 (other than

anastomotic leak including reoperation, reintervention,

unplanned admission to critical care, organ support

requirement or death). The secondary outcome mea-

sure was anastomotic leak, pre-defined as either (i)

Table 1 Patient and disease characteristics of included patients by anastomotic strategy.

Factor Levels

Anastomosis,

not defunctioned

Anastomosis,

defunctioned End stoma P-value

Total number of patients 103 33 455

Age group < 55 26 (25.2) 11 (33.3) 72 (15.8) 0.056

55–70 35 (34.0) 10 (30.3) 147 (32.3)

70–80 25 (24.3) 8 (24.2) 130 (28.6)

> 80 17 (16.5) 4 (12.1) 106 (23.3)

Gender Female 48 (46.6) 16 (48.5) 221 (48.6) 0.936

Male 55 (53.4) 17 (51.5) 234 (51.4)

ASA class Low risk (ASA 1–2) 55 (53.4) 17 (51.5) 176 (38.7) 0.031

High risk (ASA 3–5) 47 (45.6) 16 (48.5) 278 (61.1)

BMI Normal weight 31 (30.1) 14 (42.4) 135 (29.7) 0.353

Underweight 1 (1.0) 1 (3.0) 16 (3.5)

Overweight 51 (49.5) 14 (42.4) 187 (41.1)

Obese 16 (15.5) 4 (12.1) 91 (20.0)

History of IHD/CVA No 86 (83.5) 33 (100.0) 363 (79.8) 0.013

Yes 17 (16.5) 0 (0.0) 92 (20.2)

History of diabetes mellitus No 88 (85.4) 29 (87.9) 379 (83.3) 0.922

Diabetes: any control 15 (14.6) 4 (12.1) 75 (16.5)

Smoking history Non-smoker 89 (86.4) 24 (72.7) 343 (75.4) 0.141

Current 13 (12.6) 9 (27.3) 105 (23.1)

Indication Benign 62 (60.2) 26 (78.8) 325 (71.4) 0.042

Malignant 41 (39.8) 7 (21.2) 130 (28.6)

Resection type Colonic only 67 (65.0) 16 (48.5) 271 (59.6) 0.315

Involved rectum 35 (34.0) 17 (51.5) 183 (40.2)

Approach Laparoscopic 22 (21.4) 2 (6.1) 31 (6.8) < 0.001

Open 81 (78.6) 30 (90.9) 423 (93.0)

Robotic 0 (0.0) 1 (3.0) 0 (0.0)

Training grade Consultant 87 (84.5) 29 (87.9) 355 (78.0) 0.165

Trainee 16 (15.5) 4 (12.1) 100 (22.0)

Operator type Colorectal 65 (63.1) 22 (66.7) 239 (52.5) 0.059

General surgery 38 (36.9) 11 (33.3) 216 (47.5)

Duration of surgery (minutes) Mean (SD) 164.3 (73.3) 196.8 (58.2) 153.3 (63.6) < 0.001

P-value derived from Chi-squared test for categorical variables and Student’s t-tests for continuous variables after testing for normal-

ity. % shown by column. CVA, cerebrovascular accident; IHD, Ischemic heart disease; IQR, interquartile range; N/A, not applica-

ble; SD, standard deviation. BMI groups are categorised as Underweight (< 18.5), Normal weight (18.5–25), Overweight (25–30),

Obese (> 30).
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gross anastomotic leakage proven radiologically or clini-

cally, or (ii) the presence of an intraperitoneal (abdomi-

nal or pelvic) fluid collection on post-operative

imaging.

Statistical analysis

This report has been prepared in accordance to guideli-

nes set by the STROBE (strengthening the reporting of

observational studies in epidemiology) statement for

observational studies [10]. 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

outcome measures and the main explanatory variables

of interest (expedited vs emergency, end stoma vs pri-

mary anastomosis), a mixed-effects logistic regression

model was fitted. Clinically plausible patient, disease

and operation-specific factors were entered into the

model for risk-adjustment, treated as fixed effects. These

were defined a priori within the study protocol, and

included irrespective of their significance on univariate

analysis. Hospitals were entered into the model as a ran-

dom-effect, to adjust for hospital-level variation in out-

come. Effect estimates are presented as odds ratios

(OR) with 95% confidence intervals (95% CI) and two-

tailed P-values. Model discrimination was quantified

using C-statistic, or the area under the receiver operat-

ing characteristic curve (AUC) of the model. An alpha

level of 0.05 was used throughout. Data analysis was

undertaken using R Studio V3.1.1 (R Foundation, Bos-

ton, MA, USA).

Results

Patients

This study included 591 patients undergoing emergency

surgery from 43 countries (Fig. 1). The mean age of

patients was 67.4 years (ranging from 18 to 96). 51.8%

were male and 57.4% had a high anaesthetic risk class

(ASA 3–5). Differences in demographics between

patients with anastomosis and end stoma are shown in

Table 1. Primary anastomosis was performed in 136

patients (23%) with 33 of these patients receiving a

defunctioning stoma. This stoma was a loop ileostomy

in 84.8% (28/33), an end/double-barreled ileostomy in

6.1% (2/33) and a loop colostomy in 9.1% (3/33).

30.1% (178/591) of included operations were done for

malignancy, with end stoma being most common oper-

ative strategy (73.0%, 130/178). Of these, 20.2% were

undergoing neoadjuvant therapy prior to their presenta-

tion for emergency surgery (short course radiotherapy,

7/36; long course chemoradiotherapy, 18/36;

chemotherapy only: 11/36). Primary anastomosis with

or without defunctioning stoma was performed less fre-

quently than end stoma in disease affecting the rectum

(14.9% and 7.2% vs 77.9% respectively). An anastomosis

was attempted in 27% (87/326) of patients operated

upon by a colorectal surgeon and 18% (49/265) by a

general surgeon (P = 0.059, Fig. 2).

Major complications (Clavien-Dindo 3 to 5)

Results of analysis for factors associated with the occur-

rence of major complications are shown in Table 2. An

Figure 2 Variation in anastomotic practice between colorectal and general surgeons.
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end stoma was significantly associated with increased

major postoperative complications upon univariable

analysis (OR 1.98 95% CI 1.17–3.54, P = 0.015), but

this association was not seen following risk adjustment

(adjusted odds ratio for end stoma in mixed effects

model 1.52, 95%CI 0.83–2.79, P = 0.173). In the

multilevel model significant predictors for major com-

plications were high ASA risk (grade 3–5) (OR 2.54,

95% CI 1.59–4.07, P < 0.001) and male gender (OR

1.66, 95% CI 1.10–2.51, P = 0.016). Overweight BMI

was associated with a lower major complication rate

than a normal BMI (OR 0.53, 95% CI 0.33–0.85,

P = 0.009), however the location of resection (involv-

ing rectum or colonic only) demonstrated no associa-

tion. The model demonstrated fair discrimination

(AUC: 0.71).

Anastomotic leak

Unadjusted outcomes according the anastomotic strat-

egy, stratified by presence of leak, are shown in

Table 3. Although a defunctioning stoma was not

associated with reduced anastomotic leak (12% defunc-

tioned [4/33] vs 13% not defunctioned [13/97],

Table 2 Univariable and multilevel models for major postoperative complications.

Factor Levels

No major

complication

Major

complication OR (univariable) OR (multilevel)

Anastomosis

type

Anastomosis,

not defunctioned

79 (19.8) 18 (11.6) – (Reference) – (Reference)

Anastomosis,

defunctioned

28 (7.0) 5 (3.2) 0.78 (0.24–2.18, P = 0.658) 0.63 (0.20–2.02, P = 0.442)

End stoma 292 (73.2) 132 (85.2) 1.98 (1.17–3.54, P = 0.015) 1.52 (0.83–2.79, P = 0.173)

Age < 55 79 (19.8) 26 (16.8) – –

55–70 135 (33.8) 45 (29.0) 1.01 (0.58–1.78, P = 0.964) 0.86 (0.46–1.60, P = 0.635)

70–80 104 (26.1) 48 (31.0) 1.40 (0.81–2.48, P = 0.236) 1.03 (0.54–1.96, P = 0.918)

> 80 81 (20.3) 36 (23.2) 1.35 (0.75–2.46, P = 0.320) 0.91 (0.45–1.82, P = 0.784)

Gender Female 202 (50.6) 65 (41.9) – –

Male 197 (49.4) 90 (58.1) 1.42 (0.98–2.07, P = 0.067) 1.66 (1.10–2.51, P = 0.016)

ASA class Low risk (ASA 1–2) 192 (48.1) 40 (25.8) – –

High risk

(ASA 3–5)

207 (51.9) 115 (74.2) 2.67 (1.78–4.05, P < 0.001) 2.54 (1.59–4.07, P < 0.001)

BMI Normal weight 119 (29.8) 60 (38.7) – –

Underweight 11 (2.8) 7 (4.5) 1.26 (0.44–3.37, P = 0.647) 1.37 (0.46–4.07, P = 0.566)

Overweight 194 (48.6) 55 (35.5) 0.56 (0.36–0.86, P = 0.009) 0.53 (0.33–0.85, P = 0.009)

Obese 75 (18.8) 33 (21.3) 0.87 (0.52–1.45, P = 0.603) 0.76 (0.43–1.33, P = 0.332)

History of

IHD/CVA

No 330 (82.7) 117 (75.5) – –

Yes 69 (17.3) 38 (24.5) 1.55 (0.99–2.42, P = 0.054) 1.12 (0.67–1.87, P = 0.669)

History of

diabetes

mellitus

No 339 (85.0) 126 (81.3) – –

Diabetes:

any control

60 (15.0) 29 (18.7) 1.30 (0.79–2.10, P = 0.292) 0.99 (0.57–1.72, P = 0.965)

Smoking history Non-smoker 311 (77.9) 120 (77.4) – –

Current 88 (22.1) 35 (22.6) 1.03 (0.65–1.60, P = 0.894) 0.94 (0.57–1.55, P = 0.802)

Indication Benign 276 (69.2) 114 (73.5) – –

Malignant 123 (30.8) 41 (26.5) 0.81 (0.53–1.22, P = 0.312) 0.85 (0.54–1.34, P = 0.481)

Resection type Colonic only 237 (59.4) 94 (60.6) – –

Involved rectum 162 (40.6) 61 (39.4) 0.95 (0.65–1.38, P = 0.788) 1.01 (0.66–1.54, P = 0.964)

Approach Open 354 (88.7) 148 (95.5) – –

Minimally invasive 45 (11.3) 7 (4.5) 0.37 (0.15–0.79, P = 0.018) 0.42 (0.17–1.02, P = 0.055)

Training grade Consultant 320 (80.2) 119 (76.8) – –

Trainee 79 (19.8) 36 (23.2) 1.23 (0.78–1.90, P = 0.373) 1.01 (0.61–1.65, P = 0.978)

Operator type Colorectal 218 (54.6) 87 (56.1) – –

General surgery 181 (45.4) 68 (43.9) 0.94 (0.65–1.37, P = 0.751) 0.97 (0.62–1.51, P = 0.888)

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. CVA, cere-

brovascular accident; IHD, Ischemic heart disease; IQR, interquartile range; N/A, not applicable; SD, standard deviation.
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adjusted odds ratio 2.19, 95%CI 0.43–11.02,
P = 0.343), it was associated with fewer major compli-

cations (75% [3/4] with defunctioning stoma, 86.7%

anastomosis only [13/15]), lower mortality (0% [0/4]

vs 20% [3/15]), and reoperation 50% [2/4] vs 73%

[11/15]) when a leak did occur (Fig. 3). The minor

complication rate was similar between groups where

the anastomosis successfully healed without leak

(41.4% defunctioned [12/27] vs 34.1% not defunc-

tioned [30/88]) and where an end stoma was formed

(32.7% [149/455]). On the univariable analysis

(Table 4) previous history of IHD/CVA (OR 5.06,

95% CI 1.50–16.27, P = 0.007) was associated with

an increased risk of leak, whilst being of middle age

was protective (age 55–70 years old; OR 0.10, 95% CI

1.61–100, P = 0.037). When a multilevel model was

Table 3 Outcomes of patients undergoing emergency left sided colorectal surgery with or without anastomosis.

Factor Levels

Anastomosis,

defunctioned

no leak

Anastomosis,

defunctioned

with leak

Anastomosis,

no leak

Anastomosis,

with leak End stoma P-value

Post-operative

complication

No complication 15 (51.7) 0 (0.0) 50 (56.8) 0 (0.0) 159 (34.9) < 0.001

Minor complication

(Clavien-Dindo 1–2)

12 (41.4) 1 (25.0) 30 (34.1) 2 (13.3) 149 (32.7)

Major complication

(Clavien-Dindo 3–5)

2 (6.9) 3 (75.0) 8 (9.1) 13 (86.7) 147 (32.3)

Post-operative

mortality

No 28 (96.6) 4 (100.0) 88 (100.0) 12 (80.0) 390 (85.7) 0.001

Yes 1 (3.4) 0 (0.0) 0 (0.0) 3 (20.0) 65 (14.3)

Re-operation No re-operation 28 (96.6) 2 (50.0) 83 (94.3) 4 (26.7) 405 (89.0) < 0.001

Re-operation 1 (3.4) 2 (50.0) 5 (5.7) 11 (73.3) 50 (11.0)

Critical care

admission

Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) < 0.001

None 15 (51.7) 2 (50.0) 63 (71.6) 6 (40.0) 179 (39.3)

Planned from theatre 13 (44.8) 2 (50.0) 19 (21.6) 9 (60.0) 216 (47.5)

Unplanned from theatre 1 (3.4) 0 (0.0) 5 (5.7) 0 (0.0) 49 (10.8)

Unplanned from ward 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0) 11 (2.4)

Re-admission No 28 (96.6) 3 (75.0) 78 (88.6) 14 (93.3) 422 (92.7) 0.746

Yes 1 (3.4) 1 (25.0) 9 (10.2) 1 (6.7) 28 (6.2)

missing 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0) 5 (1.1)

Length of stay Mean (SD) 11 (6.2) 18.5 (9.1) 9 (4.3) 18.7 (6.4) 13.6 (7.8) < 0.001

P-values derived from Chi-squared test for categorical variables and Student’s T-test for parametric continuous variables, % shown

by column.

Figure 3 Clavien Dindo complication grade, grouped by anastomotic outcome.
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fitted (Fig. 4), a history of diabetes also conveyed an

increased risk of leak (OR 8.56, 95% CI 1.16–63.38,
P = 0.035). The model demonstrated good discrimina-

tion (AUC: 0.87).

Discussion

This study showed that primary anastomosis was per-

formed in up to one in five patients and appears safe in

this highly selected group after emergency left sided

colorectal resection (unplanned, within 24 h of hospital

admission). A defunctioning stoma was only used in

24% of patients with a primary anastomosis. The

exploratory findings of this study, limited by small num-

bers, suggested that a defunctioning stoma may miti-

gate against risk if an anastomotic leak occurs. Other

patient-related risk characteristics (male gender, high

ASA grade) and an open approach were identified as

independent risk factors for major postoperative compli-

cations. Furthermore, young and elderly age or a his-

tory of diabetes were shown as risk factors for

anastomotic leak in emergency procedures.

Previously, the simple formation of an end colostomy

after resection of the pathology (ubiquitously known as

a ‘Hartmann’s procedure’) has been advocated as the

gold standard treatment in emergency left colonic resec-

tion, to eliminate risk of anastomotic leak [11–13]. In
the last 15 years, several studies have questioned this

strategy [14,15]. A primary anastomosis is not only fea-

sible, it may even be associated with better postopera-

tive outcomes, both in terms of complications and

mortality [16,17]. Given that more than 40% of tempo-

rary stomas become permanent, selecting patients cor-

rectly for a primary anastomosis is attractive [18–20]. In
addition, reversal of Hartmann’s can be a technically

demanding operation resulting in further morbidity and

mortality [21]. These findings support a recent consen-

sus statements and prospective multi-centre randomized

trials that suggest primary anastomosis with proximal

diversion as an optimal strategy for sigmoid diverticulitis

in selected patients with Hinchey 3 or 4 disease

[4,22,23]. This current study gives credence to the cur-

rent situation and confirms that surgeons are making

appropriate decisions on a case-by-case level, thereby

Table 4 Univariable and multilevel models for anastomotic leak amongst patients with anastomosis only.

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

Defunctioning

ileostomy

No 84 (74.3) 13 (76.5) – (Reference) – (Reference)

Yes 29 (25.7) 4 (23.5) 0.89 (0.24–2.75, p = 0.851) 2.19 (0.43–11.02, P = 0.343)

Age < 55 30 (26.5) 7 (41.2) – –

55–70 42 (37.2) 1 (5.9) 0.10 (0.01–0.62, P = 0.037) 0.05 (0.00–0.66, P = 0.023)

70–80 28 (24.8) 4 (23.5) 0.61 (0.15–2.25, P = 0.470) 0.32 (0.05–1.91, P = 0.213)

> 80 13 (11.5) 5 (29.4) 1.65 (0.42–6.17, P = 0.458) 1.03 (0.15–6.96, P = 0.980)

Gender Female 57 (50.4) 6 (35.3) – –

Male 56 (49.6) 11 (64.7) 1.87 (0.66–5.74, P = 0.249) 1.50 (0.38–5.87, P = 0.563)

ASA class Low risk (ASA 1–2) 62 (54.9) 7 (41.2) – –

High risk (ASA 3–5) 51 (45.1) 10 (58.8) 1.74 (0.62–5.09, P = 0.296) 1.00 (0.20–4.96, P = 0.996)

History of

IHD/CVA

No 102 (90.3) 11 (64.7) – –

Yes 11 (9.7) 6 (35.3) 5.06 (1.50–16.27, P = 0.007) 5.10 (0.75–34.53, P = 0.095)

History of

diabetes mellitus

No 99 (87.6) 12 (70.6) – –

Diabetes: any control 14 (12.4) 5 (29.4) 2.95 (0.84–9.34, P = 0.074) 8.56 (1.16–63.38, P = 0.035)

Smoking history Non-smoker 96 (85.0) 14 (82.4) – –

Current 17 (15.0) 3 (17.6) 1.21 (0.26–4.21, P = 0.782) 1.44 (0.25–8.19, P = 0.678)

Indication Benign 75 (66.4) 10 (58.8) – –

Malignant 38 (33.6) 7 (41.2) 1.38 (0.47–3.89, P = 0.543) 1.26 (0.29–5.47, P = 0.753)

Resection type Colonic only 64 (56.6) 14 (82.4) – –

Involved rectum 49 (43.4) 3 (17.6) 0.28 (0.06–0.92, P = 0.055) 0.18 (0.03–1.00, P = 0.050)

Training grade Consultant 98 (86.7) 12 (70.6) – –

Trainee 15 (13.3) 5 (29.4) 2.72 (0.78–8.55, P = 0.095) 1.06 (0.19–5.95, P = 0.944)

Operator type Colorectal 74 (65.5) 9 (52.9) – –

General surgery 39 (34.5) 8 (47.1) 1.69 (0.59–4.75, P = 0.319) 2.19 (0.55–8.76, P = 0.267)

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

ence of an intraperitoneal (abdominal or pelvic) fluid collection on post-operative imaging. 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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effectively stratifying patients for primary anastomosis or

end stoma. It is known that a defunctioning stoma in

elective surgery has utility in mitigating the clinical

impact of anastomotic leak [24,25]. Loop ileostomies

and their closure are not complication-free and several

studies have shown that temporary loop ileostomies can

become permanent in up to 25% of patients [24–28].
However this study comparably suggests that a defunc-

tioning stoma may mitigate some risk when a leak

occurs. This must be interpreted with caution since

numbers in this study were low; for example, only four

patients with an anastomosis and defunctioning stoma

suffered a leak.

There were slightly more primary anastomotic

attempts by colorectal vs general surgeons in this study.

Even though there is no homogenous definition of col-

orectal surgeon internationally, results of multiple stud-

ies confirm the importance of colorectal specialisation in

the emergency setting [29,30]. An individual surgeon’s

personality and their response to perceived operative

risk may also influence choice of anastomotic strategy

[31]. Further research is needed to determine whether

the grade and surgical specialism of the operating (or

senior) surgeon, and specialisation and experience of

included centres affect both the decision for anastomo-

sis and the subsequent clinical outcome.

Figure 4 Forest plot demonstrating mixed effects model for factors associated with anastomotic leak in patients undergoing emer-
gency left sided colorectal surgery.
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There are inherent limitations to the ‘snapshot’

observational study reported here which we have

attempted to overcome in the study design, statistical

analysis and interpretation. There is an obvious selec-

tion bias in this study, although we planned the

analysis around this a priori. We aimed to analyse

safety of current practice; this study showed that end

stoma was more frequently used in older patients,

with poor general status, in smokers, and in those

with arteriopathy and benign disease. However this

paper defines outcomes in the highly selected group

of patients undergoing anastomosis, and thus sup-

ports surgical decision making in specific cases, rather

than in recommending a general change in approach.

The low numbers of anastomotic leak and major

complication within secondary analyses of the sub-

group undergoing anastomosis (< 25% of included

patients) makes estimation of effect sizes inaccurate

here (reflected by broad confidence intervals). There-

fore, this should be seen as exploratory only; the

analysis would likely be underpowered to detect a

small to moderate effect size. We are also unable to

comment on the appropriateness of decision making

and have not collected detailed information on

parameters that may effect this (for example: contam-

ination (Mannheim Peritonitis Index [32]), previous

surgery, intraoperative physiological instability). Most

of the literature available on this topic is based on

retrospective or single centres data which lacks suffi-

cient detail to allow case-mix adjustment in multi-

variable models. This study therefore adds to the

literature in providing a contemporary perspective

using a prospective international observational study

design, with a pre-specified protocol and analysis

plan. In addition, the variety of centers included (in

terms of number of patients, facilities and different

technologies available) in this study delivers a realis-

tic picture of the current management of emergency

left colorectal resections, reducing selection bias and

increasing the external validity of the findings. The

different countries and even continents involved

ensured the result’s validity resolving the demo-

graphic differences in diverticulitis and cancer across

countries. Finally, the study is limited by short-term

follow up to 30 days only; we have not collected

data on stoma reversal rates, quality of life or

stoma-related complications following surgery. An

alternative complication categorisation system such as

the Comprehensive Complications Index [33] may

also give increased fidelity in comparisons between

intermediate term outcomes. Further evaluation of

these important parameters following emergency left

sided colorectal surgery is warranted.

The data from this study supports current interna-

tional practice of primary anastomosis following emer-

gency left sided colorectal resection in a highly selected

group of patients, demonstrating satisfactory safety and

an acceptable morbidity profile. Where an anastomosis

is formed, a defunctioning stoma does not appear to

reduce the risk of leak, but may mitigate the severity of

resultant complications.
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