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Abstract
Purpose  Anastomotic leakage (AL) is a dreaded complication after colorectal surgery. Preoperatively identifying high-risk 
patients can help to reduce the incidence of this complication. For this reason, AL risk nomograms have been developed. 
The objective of this study was to test the AL risk nomogram developed by Frasson, et al. for validity and to identify risk-
factors for AL.
Methods  From the international multi-center LekCheck study database, patients who underwent colonic surgery with the 
formation of an anastomosis were included. Data were prospectively collected between 2016 and 2019 at 14 hospitals. 
Univariate and multivariable regression analyses, and area under receiver operating characteristic curve analysis (AUROC) 
were performed.
Results  A total of 643 patients were included. The median age was 70 years and 51% were male. The majority underwent 
surgery for malignancies (80.7%). The overall AL rate was 9.2%. The risk nomogram was not predictive for AL in the 
population tested (AUROC 0.572). Low preoperative haemoglobin (p = 0.006), intraoperative hypothermia (p = 0.02), con-
tamination of the operative field (p = 0.004), and use of epidural analgesia (p = 0.02) were independent risk-factors for AL.
Conclusion  The AL risk nomogram could not be validated using the international LekCheck study database. In the future, 
intraoperative predictive factors for AL, as identified in this study, should also be included in AL risk predictors.

Keywords  Colonic surgery · Colon cancer · Anastomotic leakage · Risk score validation

Introduction

Anastomotic leakage (AL) is a dreaded complication after 
colorectal surgery, with a reported range of its incidence 
of 3.8 to 19.2%.1,2 When AL occurs, a reoperation is often 
required, during which the anastomosis has to be disman-
tled in most cases, forming a stoma. Therefore, AL results 
in increased morbidity and mortality, longer hospital stay, 
higher costs of healthcare, lower quality of life and worse 
oncological outcomes.3–5

Preoperatively identifying patients with a high AL risk can 
help to prevent this complication from occurring or mitigate its 
risk.6 A high anticipated risk of AL, for instance, creates more 
awareness of postoperative complications among clinicians, 
or may convince surgeons to avoid forming an anastomosis 
altogether. In view of this, instruments have been developed 
with the aim of predicting AL risk. Frasson, et al. conducted 
a multi-center study, identifying six independent risk-factors 
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and created an AL predicting nomogram.6. This has since been 
attempted to be validated twice, however, both in single-center 
studies.7,8 Despite the fact that the AL risk nomogram by 
Frasson, et al. has not been validated in an independent multi-
center prospective dataset, the nomogram is a commonly used 
tool in clinical practice (www.​anast​omoti​cleak.​com), used to 
develop new policies and to conduct further studies on AL.9

The international multi-center LekCheck study prospec-
tively collects pre- and intraoperative variables potentially 
predictive for AL. 10,11 The large patient numbers and col-
lected variables in this study make it suitable to test exist-
ing AL risk nomograms. Therefore, the primary aim of the 
current study was to validate the AL risk nomogram as pro-
posed by Frasson, et al., using the LekCheck study database, 
and secondly to identify intraoperative variables as predic-
tors for AL after colonic surgery.6,10

Patients and Methods

Patients who underwent elective colonic surgery for benign or 
malignant causes with the formation of a primary anastomo-
sis between October 2016 and October 2019 were included 
from the prospectively collected international LekCheck study 
database. Fourteen hospitals across the Netherlands (n = 11), 
Belgium (n = 1), Italy (n = 1) and Australia (n = 1) participated 
in this study. The study was approved by the local Human 
Research Ethics Committees of all participating hospitals. For 
the current study, patients undergoing rectum surgery, those 
undergoing emergency surgery and patients with incomplete 
datasets for the variables of the AL risk nomogram were not 
selected from the LekCheck database.6

Demographic characteristics and preoperative, intraopera-
tive and postoperative data were prospectively collected and 
recorded in the online LekCheck study database. Intraoperative 
variables were collected real-time by a member of the operat-
ing team at the time of forming the anastomosis as per the 
protocol of the LekCheck Study (appendix A).10 The modified 
definition for AL by Reisinger was used: clinically relevant AL 
was defined as extra luminal presence of contrast fluid, and/
or leakage with evidence of extravasation of bowel content, 
intraabdominal collection or gas on (contrast-enhanced) CT 
scan, radiographic enema, upon (re-)laparotomy or endos-
copy, requiring reintervention or treatment.12 Similar to Fras-
son, et al., colonic surgery was defined as patients receiving an 
anastomosis with its distal edge located more than 15 cm from 
the anal verge.6 The following definitions of the LekCheck 
study were used:10 temperatures below 36° C were consider-
ate low. Hyperglycemia was defined as a glucose level above 
6.1 mmol/L. Administration of vasopressors, the requirement 
of blood transfusion and the application of epidural analgesia 
were all classified as yes/no. A low preoperative haemoglo-
bin (Hb) was defined as less than 6.5 mmol/L in males and 

less than 6.0 mmol/L in females. High blood loss was defined 
as 100 mL or more. This was calculated from the volume 
extracted with suction and/or additional weight from the opera-
tive gauzes minus the total volume used for irrigation. Oxygen 
saturation below 95% was considerate low. A low mean arterial 
pressure (MAP) was defined as 60 mmHg or lower. High intra-
operative fluid management was defined as administration of 
1000 mL or more per hour. Prolonged surgery was considered 
3 h or more. Faecal contamination was reported (yes/no) by the 
operating surgeon when the operative field was contaminated 
more than the regular loss of bowel content during a colorectal 
resection without bowel preparation. Intraoperative events that 
were recorded included (amongst others): hypoxia, hypo- or 
hypertension, hypercarbia, bradycardia, DVT or embolism, 
reanimation, bleeding, more extensive resection than planned, 
serosal tear, bladder and ureter injuries, and splenectomy. For 
the evaluation of the local perfusion of the anastomosis, the 
operating surgeon was asked to rate the local blood supply of 
the two bowel ends prior to the creation of the anastomosis on 
a scale from 4 to 10 as follows: moderate (4), reasonable (5), 
sufficient (6), amply sufficient (7), good (8), very good (9), 
excellent (10).

In the nomogram by Frasson, et al., the AL risk-factors are as 
follows: male gender, obesity (body mass index [BMI] > 30 kg/
m2), oral anticoagulant use, low preoperative serum total pro-
tein level, a lower number of beds per hospital, and intraopera-
tive complication (www.​anast​omoti​cleak.​com).6,7 Anticoagu-
lant use and preoperative (< 3 months before surgery) serum 
total protein were collected retrospectively from the electronic 
patient records of the participating hospitals. In case serum total 
protein levels could not be retrieved (n = 462), serum albumin 
levels were converted to serum total protein levels by extrapo-
lating the median serum albumin:serum total protein ratio from 
the patient group that had both variables available. This method 
was validated in an external cohort of patients (n = 1,000) who 
had both measures available (unpublished data). Anticoagulant 
use was defined as preoperative use of medications with the 
intent to prevent thrombotic events that were still active at the 
time of surgery (i.e. had not preoperatively been ceased with 
enough time to be metabolised). These medications include 
antiplatelets (such as acetylsalicylic acid and clopidogrel), vita-
min K antagonists (such as acenocoumarol and phenprocou-
mon), and direct blood clot factor inhibitors (such as apixaban, 
rivaroxaban, dabigatran).7

Comparisons between patients with and without AL 
after colon surgery were performed using the T-test or 
Mann–Whitney U test for continuous variables and the χ2 
test for categorical variables. Multivariable logistic regres-
sion analysis with the stepwise backward method was per-
formed on the statistically significant variables from the 
univariate analysis to identify independent risk-factors for 
AL and to correct for possible confounders. A significant 
difference was assumed for a probability value of < 0.05. To 
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determine the predictive value of the AL risk nomogram, 
an area under receiver operating curve analysis (AUROC) 
was used for the complete cohort, with a subset analysis per-
formed in patients with a malignancy, as the AL risk nomo-
gram was based on a malignant cohort.6 An AUROC of > 0.9 
is considered outstanding, 0.8–0.9 is excellent, 0.7–0.8 is 
acceptable and 0.5 suggests no discrimination.13 Statistical 
analyses were performed using SPSS 24.0 for Mac (SPSS 
Inc.) and Prism 8.0 for Mac (GraphPad Software Inc.).

Results

Of the 1386 patients in the LekCheck database, 1075 under-
went colonic surgery. Of these, 643 patients with complete 
datasets could be included in the current analysis to test the 
nomogram by Frasson, et al. (Fig. 1).

Of the included patients, 328 were male (51.0%) and the 
median age was 70 years (range 19–94 years). There were 
518 patients who underwent colonic surgery for a malignancy 
(80.7%) and 124 for benign diseases (19.3%; missing n = 1).

The overall AL rate was 9.2% (n = 59), at a median of 
4 days (range 1–40 days). The median predicted risk accord-
ing to the AL risk nomogram was 9% (range 3–50) for the 
total study population; 11% (range 3–50) for patients with 
AL, and 9% (range 3–39) for patients without AL (p = 0.07; 

Table 1). The AUROC for the AL risk nomogram was 0.572 
(95%CI: 0.50–0.65, p = 0.07; Fig. 2) for the complete cohort, 
and 0.563 (95%CI: 0.47–0.66, p = 0.17; Fig. 3) for the sub-
group of patients with malignancies.

Baseline and intraoperative characteristics are presented 
in Tables 2 and 3, and a detailed description of the type of 
resection, anastomosis type and technique is displayed in 
Table 4. Preoperative haemoglobin was significantly lower 
in patients with AL (p = 0.03). Patients who developed AL 
more often had intraoperative hypothermia below 36˚C (32.2 
vs. 19.1% for those without AL, p = 0.02), and lost more than 
100 mL blood intraoperatively more frequently (41.5 vs. 
24.6%, p = 0.008). Also, intraoperative complications (40.7 
vs. 20.9%, p = 0.001) and intraoperative faecal contamina-
tion (20.3 vs. 3.3%, p < 0.0001) occurred significantly more 
often in patients with AL. The surgeon’s evaluation of the 
anastomotic perfusion was lower in patients who developed 
AL (p = 0.002) and epidural analgesia was administered 
more often to patients with AL (33.9 vs. 17.4%, p = 0.002). 
Patients with AL had undergone more open procedures than 
patients without AL (30.5 vs. 17.2%, p = 0.01) and a duration 
of surgery of longer than 3 h was more frequent in patients 
with AL (42.4 vs. 25.0%, p = 0.004).

Table 5 shows postoperative outcomes and complica-
tions. Ten AL patients were managed conservatively with 
antibiotics (16.9%), six patients received a percutaneous 

Fig. 1   Flow-chart of in- and 
excluded patients Patients in the LekCheck database

n=1,386

Patients who underwent colon 
surgery with the formation of a 

primary anastomosis

n=1,075

Excluded
Procedures
- Rectum surgery (n=311)

Excluded
Missing values
- Serum total protein (n=416)
- BMI (n=29)
- Anticoagulant use (n=171)

Patients included for analysis

n=643

BMI Body mass index
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drain (10.2%), and 43 patients required a re-operation 
(72.9%). The overall 30-day postoperative mortality rate 
was 1.6% and was similar between both groups (1.7 vs. 
1.5%, p = 0.93). The length of hospitalization was longer 
for patients with AL (13 vs. 4 days, p < 0.0001).

In the multivariable analysis, the following variables were 
independent risk-factors for AL (Table 6): low preopera-
tive haemoglobin (OR 4.21, 95%CI 1.52–11.69, p = 0.006), 
intraoperative hypothermia (OR 2.39, 95%CI 1.19–4.80, 
p = 0.02), intraoperative faecal contamination (OR 4.22, 
95%CI 1.59–11.22, p = 0.004) and use of epidural analgesia 
(OR 2.35, 95%CI 1.13–4.88, p = 0.02).

Discussion

This study used the prospectively collected international 
multi-center LekCheck study database and found an AL rate 
of 9.2% after colonic surgery. An AUROC of 0.572 for the 
complete cohort and an AUROC of 0.563 for the malignant 
cohort were found when testing the validity of the AL risk 

nomogram as proposed by Frasson, et al., showing that the 
nomogram cannot accurately determine the AL risk after 
colonic surgery in this population.6,13

Validation of proposed risk nomograms is important, as 
its outcomes are increasingly used in clinical practice and 
research.9 The tested AL risk nomogram has previously been 
attempted to be validated, but in smaller single-center stud-
ies.6–8 Sammour, et al., found an AUROC of 0.84 in a study 
including 83 patients and concluded that the nomogram was 
highly predictive of AL.7 However, this study was likely 
underpowered since only eight patients developed AL. A sec-
ond study, including 402 patients, was conducted at the same 
institution and found an AUROC of 0.73.8 Although larger in 
patient numbers, this was also a single-center study and was 
based on retrospective data. Er, et al. also analysed the nomo-
gram and found an AUROC of 0.77, but again this was a small 
single-center study including only 59 patients of whom only 
six developed AL.15 Klose, et al. reported a low predictive 
value (AUROC 0.69) after testing the nomogram in a cohort 
of 972 patients.16 Although their study included a large patient 
number, they tested the colonic specific nomogram in patients 

AUROC SE P-value 95%CI

Nomogram 0.572 0.038 0.07 0.50-0.65

ROC curve analysis.  P-value indicates comparison between AUROC and 0.5 value (null hypothesis)

AUROC area under receiver operating characteristic curve, SE standard error, CI confidence interval

Fig. 2   Receiver operating characteristic (ROC) curve of the anasto-
motic leak risk nomogram using data of the complete cohort of the 
LekCheck study (N = 643) 6,7,10

AUROC SE P-value 95%CI

Nomogram 0.563 0.047 0.17 0.47-0.66

ROC curve analysis.  P-value indicates comparison between AUROC and 0.5 value (null hypothesis)

AUROC area under receiver operating characteristic curve, SE standard error, CI confidence interval

Fig. 3   Receiver operating characteristic (ROC) curve of the anasto-
motic leak risk nomogram using data of patients operated for malig-
nancies only of the LekCheck study (N = 518) 6,7,10

Table 1   Predicted risk for anastomotic leakage

AL anastomotic leakage

Total
(N = 643)

Anastomotic leak
(N = 59)

No anastomotic leak
(N = 584)

P-value

Median predicted risk according to AL nomogram,6,7 in % (range) 9 (3–50) 11 (3–39) 9 (3–50) 0.07
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Table 2   Patient and baseline characteristics

Total
(N = 643)

Anastomotic leak
(N = 59)

No anastomotic leak
(N = 584)

P-value Odds ratio 95%CI

Hospital size: number of beds (%)
    < 300 32 (5.0) 3 (5.1) 29 (5.0)  0.16

301–400 249 (38.7) 20 (33.9) 229 (39.2)
401–500 54 (8.4) 10 (16.9) 44 (7.5)
501–600 42 (6.5) 2 (3.4) 40 (6.8)
601–700 90 (14.0) 6 (10.2) 84 (14.4)
701–800 176 (27.4) 18 (30.5) 158 (27.1)

Age (%)
    < 70 years 316 (49.1) 25 (42.4) 291 (49.8) 0.28 1.35 0.79–2.32
    ≥ 70 years 327 (50.9) 34 (57.6) 293 (50.2)
Gender (%)

Female 315 (49.0) 29 (49.2) 286 (49.0) 0.98 0.99 0.58–1.70
Male 328 (51.0) 30 (50.8) 298 (51.0)

Weight (%)
BMI ≤ 30 kg/m2 496 (77.1) 47 (79.7) 449 (76.9) 0.63 0.85 0.44–1.65
BMI > 30 kg/m2 147 (22.9) 12 (20.3) 135 (23.1)

Albumin (%)
    ≥ 35 g/dL 359 (56.3) 31 (52.5) 328 (56.6) 0.55 1.18 0.69–2.02
    < 35 g/dL 279 (43.7) 28 (47.5) 251 (43.4)
Total protein (%)

≥ 60 g/dL 527 (82.0) 48 81.4) 479 (82.0) 0.90 1.05 0.53–2.08
< 60 g/dL 116 (18.0) 11 (18.6) 105 (18.0)

Anticoagulant use at surgery (%)
No 533 (82.9) 46 (78.0) 487 (83.4) 0.29 1.42 0.74–2.73
Yes 110 (17.1) 13 (22.0) 97 (16.6)

ASA classification (%)
    < 3 424 (66.1) 39 (66.1) 385 (66.2) 0.99 1.00 0.57–1.77
    ≥ 3 217 (33.9) 20 (33.9) 197 (33.8)
Diagnosis (%)

Malignant 518 (80.7) 42 (71.2) 476 (81.6) 0.05 1.80 0.99–3.29
Benign 124 (19.3) 17 (28.8) 107 (18.4)

AJCC stage 14 in case of malignancy: n = 518 (%)
I 190 (36.9) 17 (40.5) 173 (36.6)  0.15
II 154 (29.9) 12 (28.6) 142 (30.0)
III 138 (26.8) 8 (19.0) 130 (27.5)
IV 33 (6.4) 5 (11.9) 28 (5.9)

Detected by screening (%)
No 322 (58.3) 21 (45.7) 301 (59.5) 0.07 1.75 0.95–3.21
Yes 230 (41.7) 25 (54.3) 205 (40.5)

Preoperative haemoglobin (%)
Male ≥ 6.5, female ≥ 6 mmol/L 591 (94.3) 51 (87.9) 540 (94.9)  0.03 2.56 1.07–6.12
Male < 6.5, female < 6 mmol/L 36 (5.7) 7 (12.1) 29 (5.1)

Current smoker (%)
No 529 (85.0) 47 (82.5) 482 (85.3) 0.57 1.24 0.60–2.54
Yes 93 (15.0) 10 (17.5) 83 (14.7)

Pack years (%)
    < 15 392 (70.4) 33 (66.0) 359 (70.8) 0.48 1.25 0.68–2.31
    ≥ 15 165 (29.6) 17 (34.0) 148 (29.2)
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Table 2   (continued)

Total
(N = 643)

Anastomotic leak
(N = 59)

No anastomotic leak
(N = 584)

P-value Odds ratio 95%CI

Steroid use (%)
No 611 (95.3) 55 (93.2) 556 (95.5) 0.42 1.56 0.52–4.62
Yes 30 (4.7) 4 (6.8) 26 (4.5)

Alcohol intake in units per day (%)
< 3 590 (94.9) 53 (91.4) 537 (95.2) 0.21 1.88 0.43–1.28

    ≥ 3 32 (5.1) 5 (8.6) 27 (4.8)
Diabetes mellitus (%)

No 542 (84.4) 45 (76.3) 497 (85.2) 0.07 1.80 0.95–3.42
Yes 100 (15.6) 14 (23.7) 86 (14.8)

BMI body mass index, ASA American Society of Anaesthesiologists, AJCC American Joint Committee on Cancer

Table 3   Intraoperative and surgery-related characteristics

Total
(N = 643)

Anastomotic 
leak (N = 59)

No anastomotic 
leak (N = 584)

P-value Odds ratio 95%CI

Temperature (%)
    ≥ 36˚ Celsius 511(79.7) 40 (67.8) 471 (80.9) 0.02  2.02  1.12-3.61
    < 36˚ Celsius 130 (20.3) 19 (32.2) 111 (19.1)
Glucose (%)
    ≤ 6.1 mmol/L 157 (25.3) 9 (15.5) 148 (26.3)  0.07  1.95  0.93-4.06
    > 6.1 mmol/L 463 (74.7) 49 (84.5) 414 (73.7)
Blood loss (%)
    ≤ 100 mL 423 (73.8) 31 (58.5) 392 (75.4)  0.008  2.17  1.22-3.89
    > 100 mL 150 (26.2) 22 (41.5) 128 (24.6)
Blood transfusion (%)

No 622 (96.7) 56 (94.9) 566 (96.9)  0.41  1.69  0.48-5.90
Yes 21 (3.3) 3 (5.1) 18 (3.1)

Intraoperative complications (%)
No 497 (77.3) 35 (59.3) 462 (79.1)  0.001  2.60  1.49-4.53
Yes 146 (22.7) 24 (40.7) 122 (20.9)

Intraoperative vasopressors (%)
No 334 (52.2) 27 (45.8) 307 (52.8)  0.30  1.33  0.78-2.27
Yes 306 (47.8) 32 (54.2) 274 (47.2)

Oxygen saturation (%)
≥ 95% 634 (98.9) 59 (100.0) 575 (98.8)  0.40  -  -
< 95% 7 (1.1) 0 7 (1.2)

MAP (%)
    ≥ 60 mmHg 634 (98.9) 58 (98.3) 576 (99.0)  0.64  1.66  0.20-13.99
    < 60 mmHg 7 (1.1) 1 (1.7) 6 (1.0)
Surgeon evaluation of the local perfusion (%)

6 1 (0.2) 0 1 (0.2)  0.002
7 19 (3.0) 5 (8.8) 14 (2.5)
8 172 (27.5) 22 (38.6) 150 (26.4)
9 180 (28.8) 19 (33.3) 161 (28.3)
10 253 (40.5) 11 (19.3) 242 (42.6)

Goal directed therapy (%)
Yes 145 (22.6) 18 (30.5) 127 (21.7)  0.13  0.63  0.35-1.14
No 498 (77.4) 41 (69.5) 457 (78.3)
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Table 3   (continued)

Total
(N = 643)

Anastomotic 
leak (N = 59)

No anastomotic 
leak (N = 584)

P-value Odds ratio 95%CI

Urine production per hour (%)
≥ 25 mL 492 (83.2) 43 (76.8) 449 (83.9)  0.17  1.58 0.81-3.06 
< 25 mL 99 (16.8) 13 (23.2) 86 (16.1)

Fluid suppletion per hour (%)
    ≤ 1000 mL 592 (94.6) 55 (93.2) 537 (94.7)  0.63  1.30 0.44-3.83 
    > 1000 mL 34 (5.4) 4 (6.8) 30 (5.3)
Intraoperative faecal contamination (%)

No 610 (95.2) 47 (79.7) 563 (96.7)  < 0.0001  7.57  3.46-16.53
Yes 31 (4.8) 12 (20.3) 19 (3.3)

Epidural (%)
No 520 (81.1) 39 (66.1) 481 (82.6)  0.002  2.44  1.37-4.36
Yes 121 (18.9) 20 (33.9) 101 (17.4)

Seniority of surgeon (%)
Consultant surgeon 469 (72.9) 41 (69.5) 428 (73.3)  0.76
Fellow 109 (17.0) 12 (20.3) 97 (16.6)

Resident 65 (10.1) 6 (10.2) 59 (10.1)
Type of anastomosis (%)

ETE 143 (22.3) 13 (22.4) 130 (22.3)  0.75
ETS 17 (2.7) 1 (1.7) 16 (2.8)
STE 113 (17.7) 13 (22.4) 100 (17.2)
STS 367 (57.3) 31 (53.5) 336 (57.7)

Anastomosis technique (%)
Hand-sewn 92 (15.3) 4 (7.1) 88 (16.1)  0.19
Stapled 495 (82.4) 51 (91.1) 444 (81.5)
Both 14 (2.3) 1 (1.8) 13 (2.4)

Suture reinforcement (%)
Yes 275 (42.8) 19 (32.2) 256 (43.9)  0.08  1.65  0.93-2.92
No 367 (57.2) 40 (67.8) 327 (56.1)

Surgical approach (%)
Laparoscopic 524 (81.6) 41 (69.5) 483 (82.8) 0.01   2.12  1.17-3.84
Open 118 (18.4) 18 (30.5) 100 (17.2)

Conversion to open, laparoscopic only, n = 524 
(%)
No 489 (93.3) 33 (80.5) 456 (94.4)  0.001  4.10  1.73-9.72
Yes 35 (6.7) 8 (19.5) 27 (5.6)

Stoma formation (%)
No 623 (96.9) 55 (93.2) 568 (97.3) 0.09   2.58  0.83-7.99
Yes 20 (3.1) 4 (6.8) 16 (2.7)

Resection type (%)
(Sub)total colectomy 46 (7.2) 7 (11.9) 39 (6.7)  0.25
(Extended) right hemicolectomy 279 (43.4) 29 (49.1) 250 (42.8)
Left hemicolectomy/High anterior resection 285 (44.3) 20 (33.9) 265 (45.4)
Stoma reversal 33 (5.1) 3 (5.1) 30 (5.1)

Duration of surgery (%)
≤ 3 h 463 (73.4) 34 (57.6) 429 (75.0)  0.004  2.21  1.27-3.82
> 3 h 168 (26.2) 25 (42.4) 143 (25.0)

MAP mean arterial pressure, ETE end-to-end, ETS end-to-side, STE side-to-end, STS side-to-side
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undergoing rectal surgery, who represent a different cohort 
with its own specific AL risk-factors.17 Therefore, to our 
opinion, this cannot be considered a true validation attempt. 
Finally, the AUROC after cross-validation that was reported 
by Frasson, et al. was also rather low (AUROC 0.62), which 
was attributed to the difficult anticipation of complications 
since AL is also affected by the type of surgical procedure.6,18

Interestingly, in the current study, none of the variables 
from the AL risk nomogram that were tested differed signifi-
cantly between the patients who developed AL and those who 
did not, indicating that these factors may not be reliable pre-
dictors for AL. It is therefore not surprising that the AL risk 
nomogram could not accurately predict AL in this population.

Several other AL risk nomograms have been developed. 
One was based on 10,392 patients aged ≥ 65 years under-
going colonic surgery.19 Despite the large patient number, 
this nomogram was based on retrospective data, and could 
not be validated when tested in an external database with 
an AUROC of 0.65. Most other nomograms that have been 
developed are for predicting AL after rectal surgery, and 
none have been validated.20–22

The current study found an AL rate of 9.2%. The high-
est AL rates (as high as 19%) are reported after rectal sur-
gery.2,23 Since rectal anastomoses were not included in the 
current study, the AL rate we found is relatively high for 
colon resections only. However, previously reported AL 
rates after colon surgery range between 3.8% and 9%, where 
the higher rates have been reported in prospective studies 
and trials while the lower percentages mostly came from 

national audits or retrospective series, potentially recording 
AL less accurately.3,10,24–26 Furthermore, the AL rate of 9.2% 
found in the current study is similar to that reported by Fras-
son, et al. (AL rate 8.7%), confirming the comparability of 
included patients and the definitions used in both studies.6

Multivariable analysis revealed four independent pre-
dictors for AL, of which three were also identified in the 
LekCheck study.10 Low preoperative haemoglobin, which is 
commonly observed in patients undergoing colonic surgery, 
may affect the perfusion and oxygenation of anastomotic 
margins and can therefore predispose AL.27,28 Furthermore, 
preoperative anaemia is associated with poor physical sta-
tus, increasing the risk of complications.29,30 The mecha-
nism between epidural analgesia and AL remains unclear 
but could be related to a hypotensive state during surgery, 
resulting in relative ischemia of the colon.11,31 Intraoperative 
faecal contamination as a risk-factor for AL has to be inter-
preted with care, as it mostly occurs during more challenging 
procedures and cannot be avoided. Theoretically, mechanical 
bowel preparation could be an effective approach to reduce 
the AL rate, but evidence for using this, even when com-
bined with antibiotics, is controversial.32,33 This is the first 
study to identify intraoperative hypothermia as a risk-factor 
for AL. Hypothermia results in vasoconstriction, increas-
ing hypoxia and impairing the immune response, leading to 
worse healing.34,35 Therefore, active intraoperative warming 
is recommended to maintain normothermia.36

Some limitations of the current study have to be addressed. 
Not all patients from the LekCheck study database could be 

Table 4   Types of resection and 
anastomosis

ETE end to end anastomosis, ETS end to side anastomosis, STE side to end anastomosis, STS side to side 
anastomosis

ETE ETS STE STS Missing Total
Resection type vs. type of anastomosis
(N = 643)
(Sub)total colectomy 14 3 4 24 1 46
(Extended) rsight hemicolectomy 26 3 1 254 1 285
Left hemicolectomy / high anterior resection 83 11 106 78 1 279
Stoma reversal 20 0 2 11 0 33
Resection type vs. anastomosis technique
(N = 643)

Handsewn Stapled Both Missing Total
(Sub)total colectomy 14 27 3 2 46
(Extended) right hemicolectomy 50 213 8 14 285
Left hemicolectomy /high anterior resection 21 230 3 25 279
Stoma reversal 7 25 0 1 33
Type of anastomosis vs anastomosis technique
(N = 640)

Handsewn Stapled Both Missing Total
ETE 47 93 0 3 143
ETS 1 15 1 0 17
STE 1 98 1 13 113
STS 43 298 12 23 367
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included in the current analysis, mostly because serum protein 
level was not a variable collected for that study and could not 

be retrieved retrospectively. Since preoperative serum total 
protein is one of the six variables in the nomogram by Fras-
son, et al., including these patients would have resulted in less 
accurate validation. However, we did analyse these patients 
and found a similar AL rate (9.0%) compared to the included 
patients (9.2%), limiting potential selection bias. Furthermore, 
serum total protein was derived from the serum albumin in 
most patients. This could have influenced the validation of 
the AL risk nomogram. Also, inter-observer variability could 
have biased data entry of some variables, such as evaluation of 
the local perfusion and faecal contamination, although these 
variables did not affect the validation of the nomogram.

In the future, the results of the current study suggest 
that studies on AL risk prediction should also incorporate 
intraoperative variables, as these are currently missing. The 
LekCheck study collaborative aims to report such a compre-
hensive nomogram with both pre- and intraoperative factors 
in the near future.

In conclusion, an AL rate of 9.2% was found in this 
patient cohort. The AL risk nomogram as proposed by 
Frasson, et al. could not be validated using the international 
Lekcheck study database.

In the future, intraoperative predictive factors for AL, as 
identified in this study, should also be included in AL risk 
predictors.

Table 5   Postoperative outcomes and complications

N/A: non-applicable

Total
(N = 643)

Anastomotic 
leak (N = 59)

No anastomotic 
leak (N = 584)

P-value Odds ratio 95%CI

Clinical suspicion of anastomotic leakage (%)
  No 544 (84.7) 0 544 (93.3) N/A
  Yes 98 (15.3) 59 (100.0) 39 (6.7)

Diagnosis modality to detect anastomotic leakage (%)
  Clinically and blood results 13 (13.4) 6 (10.2) 7 (18.4) N/A
  CT-scan and percutaneous drain 73 (75.3) 44 (74.6) 29 (76.3)
  Re-operation 11 (11.3) 9 (15.2) 2 (5.3)

Median number of days after surgery until anastomotic 
leakage (range)

4 (1–40)

Leakage treatment (%)
  Antibiotics 10 (16.9)
  Percutaneous drain 6 (10.2)
  Re-operation 43 (72.9)

Leakage re-operation type (%)
  Suture reinforcement of anastomosis 6 (14.0)
  Construction of new anastomosis without covering stoma 11 (25.5)
  Construction of new anastomosis with covering stoma 6 (14.0)
  Anastomosis dismantled, end stoma formation 20 (46.5)

Median hospital stay in days (range) 4 (2–46) 13 (5–46) 4 (2–33)  < 0.0001
30-day postoperative mortality (%)

  No 633 (98.4) 58 (98.3) 575 (98.5) 0.93 1.10 0.13–8.85
  Yes 10 (1.6) 1 (1.7) 9 (1.5)

Table 6   Multivariable analysis of variables associated with anasto-
motic leakage

P-value Odds ratio 95%CI

Preoperative haemoglobin 
(male < 6.5, female < 6 mmol/L)

0.006 4.21 1.52–11.69

Temperature (< 36 °C) 0.02 2.39 1.19–4.80
Blood loss (> 100 mL) 0.69 1.16 0.55–2.45
Intraoperative complications 0.61 1.24 0.54–2.83
Surgeon’s estimate of local perfusion

  10 0.23 1 -
  9 2.26 0.93–5.50
  8 2.16 0.89–5.25
  7 3.01 0.70–12.97

Intraoperative faecal contamina-
tion

0.004 4.22 1.59–11.22

Epidural analgesia 0.02 2.35 1.13–4.88
Surgical approach

  Laparoscopic 0.15 1 -
  Laparoscopic, converted 2.78 0.91–8.54
  Open 1.79 0.78–4.09

Duration of surgery (> 3 h) 0.19 1.59 0.79–3.20
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