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abstraCt

background
Anastomotic leakage is a serious complication after colorectal surgery and many risk fac-
tors have been identified. The aim of this study was to assess the association between 
visceral arterial occlusive disease and anastomotic leakage.

methods
Pre-operative abdominal computed tomography scans from all consecutive patients who 
underwent colorectal surgery with anastomosis in 2010 were retrospectively analyzed.

results
A total of 242 patients were included with a median age of 65 years (inter quartile range 
55-74). Anastomotic leakage occurred in 14% (n=34). Mortality rate was 3% (n=8). There 
was no association between atherosclerosis of the visceral or iliac arteries and anasto-
motic leakage. Not even between right-sided or left-sided resections and total occlusion 
of the superior or inferior mesenteric artery, respectively.

Conclusion
Asymptomatic visceral artery occlusive disease is not a risk factor for anastomotic leakage 
after colorectal surgery and additional radiological imaging or percutaneous transluminal 
angioplasty for occluded visceral vessels are not indicated prior to colorectal surgery.
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intrOduCtiOn

Anastomotic leakage is the most feared and a potentially life-threatening complication 
after colorectal surgery. The incidence varies in the literature between 2% and 28%.1-10 
Many risk factors for the occurrence of anastomotic leakage after colorectal resections 
have been identified, including higher American Society of Anesthesiologists (ASA) score, 
coronary heart disease, malnutrition and excessive weight loss, higher body mass index 
(BMI) and emergency surgery.1,3,4,6-8,10-13 Tissue perfusion is of importance in anastomotic 
healing. A compromised local vascular supply after bowel resection in combination with 
blood loss and hypotension may contribute to ischemia and secondary impaired healing 
of the newly created anastomosis.14-18. Atherosclerosis can cause tissue ischemia and is 
often suggested to be a risk factor for anastomotic leakage.14,15,19,20 Recently Komen et al 
demonstrated that patients with higher calcium scores, secondary to a higher grade of 
atherosclerosis, have an increased risk of anastomotic leakage after colorectal surgery.21 
These authors suggested that when on preoperative imaging vascular lesions of the 
stem arteries become apparent, one may decide to create a primary stoma instead of 
an anastomosis in fear of dehiscence. It has however never been investigated whether 
the presence of actual vascular lesions indeed are associated with anastomotic healing 
failure, and should prompt us to decide for a primary stoma or preoperative dilation of 
stenosis. In a cohort of adult patients with colorectal disease who underwent colorectal 
surgery with primary anastomosis we aimed to investigate this possible association.

material and methOds

All consecutive patients who underwent elective or emergency colorectal surgery with 
primary anastomosis for benign or malignant colorectal disease between January and 
December 2010 were retrospectively analyzed (n=302). These were all patients who were 
deemed suitable for anastomosis at the time of creating the anastomosis (i.e. in case of 
overall fragility, old age, major comorbidity or complicated surgery, a primary stoma was 
performed; these patients were excluded from this analysis. Also, in all patients the known 
adagium of a well circulated tensionless anastomosis was followed). Patients in whom a 
preoperative computed tomography (CT) scan was not performed or was of poor quality, 
were excluded from this study (n=60). In all these patients the preoperative CT scan was 
made for other purposes, and no specific attention was paid to the presence of vascular 
lesions. The possible association between such lesions and anastomotic failure was thus 
sought in a retrospective manner.
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All demographic and clinical data, including operative reports, abdominal computed 
tomography reports and histological data were collected. Baseline and operation-related 
parameters included sex, age at surgery, smoking, alcohol, BMI, comorbidity, history 
of abdominal or vascular surgery, medication, surgical diagnosis, American Society of 
Anaesthesiologists risk class (ASA classification), surgical procedure, approach, type of 
anastomosis (i.e. end-to-end or side-to-side, stapled or hand-sewn), timing of surgery and 
creation of a protective ileostomy.

Preoperative CT imaging was performed on a sixteen and a two hundred fifty-six slice-
MDCT scanner (Philips, Best, the Netherlands) with a slice thickness of algorithm of 3-5 
mm with axial and coronal reconstructions. Scan delay-time was 60-70 seconds after 
intravenous injection of 100 ml of iobitridol (Xenetix 300, Guerbet Nederland BV), injected 
at a rate of 4.0 ml/s, using a mechanical power injector. Intravenous contrast was given in 
all patients, excluding those with proven allergy or renal failure. Gastro-intestinal contrast 
medium (1 l of oral contrast fluid (20 ml iobitridol 300 mg I/ml, Guerbet, diluted in 1 l of 
tap water)) was administered at least 1 hour prior to the CT-scan.

Preoperative CT-scans were in retrospect reviewed separately by two radiologists, who 
were blinded to the clinical information to prevent bias. Disagreement was resolved by 
discussion and consensus between the two radiologists.

The grade of stenosis in the celiac trunk, superior and inferior mesenteric arteries and com-
mon and internal iliac arteries was determined by the following formula: percent stenosis 
= (1 − (minimal diameter)/ (post-stenotic diameter)) × 100%, according to the NASCET 
criteria.22-23 We also identified the nature of the plaque (calcified versus non-calcified).

Primary outcome measure was anastomotic leakage, which was defined as anastomotic 
dehiscence visualized at relaparotomy or endoscopy, or percutaneous or transanal drain-
age of pus or enteral contents.

statistical analysis
The Mann-Whitney-U test was used for continuous data. The Chi-square test was used 
for binomial data. Values are given as number of patients or median and inter quartile 
range. All probability values are two-tailed. P < 0.05 was used as level of significance. The 
data was analyzed with SPSS statistical software (SPSS Statistics Version 17.0, Inc., Chicago, 
Illinois, USA).
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table 1. Baseline and operation-related characteristics

all patients
(n = 242)

no leakage
(n = 208)

anastomotic leakage
(n = 34)

p-value

Age at surgery (years) 65 (55-74) 65 (55-74) 64 (57-76) 0.687

- Age ≥70 years (n) 90 76 (36.5%) 14 (41.2%) 0.743

- Age ≥80 years (n) 32 25 (12.0%) 7 (20.6%) 0.274

Sex

- Male (n) 131 111 (53.4%) 20 (58.8%)
0.684

- Female (n) 111 97 (46.6%) 14 (41.2%)

BMI (kg/m2) 25.5 (23.0-28.4) 25.5 (22.9-28.4) 25.1 (23.1-28.7) 0.541

Smoking (n)a 44 36 (17.9%) 8 (23.5%) 0.590

Alcohol (n)a 98 83 (41.5%) 15 (44.1%) 0.922

Comorbidity

- Diabetes mellitus (n) 143 123 (59.1%) 20 (58.8%) 1.000

- Hypertension (n) 164 142 (68.3%) 22 (64.7%) 0.830

- Peripheral arterial occlusive disease (n) 145 124 (59.6%) 21 (61.8%) 0.961

- Cardiac comorbidity (n) 159 139 (66.8%) 20 (58.8%) 0.474

ASA-score

- ASA 1 (n) 44 39 (18.8%) 5 (14.7%) 0.744

- ASA 2 (n) 167 143 (68.8%) 24 (70.6%) 0.988

- ASA 3 (n) 31 26 (12.5%) 5 (14.7%) 0.936

Medication

- Use of antihypertensive medication (n) 116 100 (48.1%) 16 (47.1%) 1.000

- Use of statins (n) 43 35 (16.8%) 8 (23.5%) 0.480

- Use of anticoagulant medication (n) 71 60 (28.8%) 11 (32.4%) 0.831

History of surgery

- Abdominal surgery (n) 128 108 (51.9%) 20 (58.8%) 0.574

- Cardiovascular/ peripheral artery 
surgery (n)

20 16 (7.7%) 4 (11.8%) 0.643

Pathology

- Benign (n) 113 103 (49.5%) 10 (29.4%) 0.046

- Malign (n) 129 105 (50.5%) 24 (70.6%) 0.046

Preoperative complication

- No complication (n) 202 172 (82.7%) 30 (88.2%) 0.577

- Stenosis without symptoms (n) 11 11 (5.3%) 0 (0.0%) 0.353

- Mechanical ileus (n) 9 6 (2.9%) 3 (8.8%) 0.227

- Perforation (n) 14 14 (6.7%) 0 (0.0%) 0.245

- Ischemia (n) 3 2 (1.0%) 1 (2.9%) 0.896

- Fistula (n) 3 3 (1.4%) 0 (0.0%) 1.000

Approach

- Laparotomy (n) 138 117 (56.3%) 21 (61.8%) 0.678
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results

Between January and December 2010 a total of 302 patients underwent partial colec-
tomy with primary anastomosis for benign or malignant colorectal disease or restoration 
of large bowel continuity. Two hundred and forty two patients (80%) had undergone a 
preoperative CT scan for other reasons (mostly for staging of colorectal cancer) but of 
adequate quality to retrospectively identify vascular lesions. Baseline and operation-
related characteristics are summarized in table 1. There were no differences in baseline 
characteristics between patients with and without pre-operative CT scans.

Bowel resections were right-sided in 104 patients (43%); left-sided in 96 patients (40%) of 
which 16 patients underwent low anterior resection; subtotal colectomy was performed 
in 7 patients (3%); 35 patients underwent restoration of large bowel continuity (14%). 
Anastomotic leakage was seen in 34 of 242 patients (14%); mortality after anastomotic 
leakage was 12% (n=4). The overall mortality rate was 3% (n=8).

Visceral circulation of all patients
Of 242 patients, 98 patients (41%) had more than 50% arteriosclerotic lesions in one or 
more of the visceral arteries (table 2). Of this group 15 suffered leakage (15%) versus 
19 of 144 patients (13%) with less than 50% vascular lesions (not significant). Complete 
arterial occlusion was mostly seen in the inferior mesenteric artery (6%; n=14). There was 
also no association between the occurrence of anastomotic leakage and the nature of 
the plaques: calcified or non-calcified (results not shown). A subanalysis for only patient 
with benign disease versus malignant disease also did not show any association between 
vascular damage and the occurrence of anastomotic leakage (data not shown).

table 1. Baseline and operation-related characteristics (continued)

all patients
(n = 242)

no leakage
(n = 208)

anastomotic leakage
(n = 34)

p-value

- Laparoscopic (n) 89 78 (37.5%) 11 (32.4%) 0.700

- Converted (n) 14 12 (5.8%) 2 (5.9%) 1.000

Timing

- Elective (n) 205 174 (83.7%) 31 (91.2%) 0.383

- Urgent (n) 36 33 (15.9%) 3 (8.8%) 0.418

Ileostomy (n) 19 11 (5.3%) 8 (23.5%) 0.001

Values are given as number of patients (n) and percent (%) of group. Age and BMI are expressed in median (inter 
quartile range) and were tested with the Mann-Whitney-U test. Binomial data was tested with the Chi-square 
test. BMI body mass index, ASA American Society of Anaesthesiologists.
a Data does not add up to 234 because of occasional missing data.
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table 2. Grade of stenosis – all patients

all patients
(n = 242)

no leakage
(n = 208)

anastomotic leakage
(n = 34)

p-value

Celiac trunca

- Soft tissue band 30 24 (11.7%) 6 (17.6%) 0.484

- No stenosis 121 104 (50.5%) 17 (50.0%) 1.000

- < 50 % 67 58 (28.2%) 9 (26.5%) 1.000

- ≥ 50 % 47 40 (19.4%) 7 (20.6%) 1.000

- 100 % (total occlusion) 4 3 (1.5%) 1 (2.9%) 1.000

Superior mesenteric arterya

- No stenosis 180 153 (74.3%) 27 (79.4%) 0.669

- < 50 % 52 46 (22.3%) 6 (17.6%) 0.697

- ≥ 50 % 8 7 (3.4%) 1 (2.9%) 1.000

- 100 % (total occlusion) 0 0 (0%) 0 (0%) -

Inferior mesenteric arterya

- No stenosis 101 87 (42.2%) 14 (41.2%) 1.000

- < 50 % 79 66 (32.0%) 13 (38.2%) 0.606

- ≥ 50 % 46 40 (19.4%) 6 (17.6%) 0.994

- 100 % (total occlusion) 14 13 (6.3%) 1 (2.9%) 0.703

Common iliac arteryb

- No stenosis 125 106 (52.2%) 19 (55.9%) 0.833

- < 50 % 93 81 (39.9%) 12 (35.3%) 0.749

- ≥ 50 % 18 15 (7.4%) 3 (8.8%) 1.000

- 100 % (total occlusion) 1 1 (0.5%) 0 (0%) 1.000

Left internal iliac arteryc

- No stenosis 122 105 (51.5%) 17 (51.5%) 1.000

- < 50 % 82 69 (33.7%) 13 (39.4%) 0.656

- ≥ 50 % 31 29 (14.1%) 2 (6.1%) 0.316

- 100 % (total occlusion) 3 2 (1.0%) 1 (3.0%) 0.888

Right internal iliac arteryd

- No stenosis 125 107 (52.2%) 18 (52.9%) 1.000

- < 50 % 86 73 (35.6%) 13 (38.2%) 0.918

- ≥ 50 % 24 22 (10.7%) 2 (5.9%) 0.573

- 100 % (total occlusion) 4 3 (1.5%) 1 (2.9%) 1.000

No clinical relevant vascular damage 
(<50% stenosis)

144 (59.5%) 125 (60.1%) 19 (55.9%) 0.783

Stenosis ≥50% in ≥1 artery 98 (40.5%) 83 (39.9%) 15 (44.1%) 0.783

Stenosis ≥50% in ≥2 arteries 47 (19.4%) 41 (19.7%) 6 (17.6%) 0.961

Stenosis ≥50% in ≥3 arteries 24 (9.9%) 22 (10.6%) 2 (5.9%) 0.589

Stenosis ≥50% in ≥4 arteries 13 (5.4%) 13 (6.3%) 0 (0.0%) 0.641

Total occlusion of ≥1 artery 21 (8.7%) 17 (8.2%) 4 (11.8%) 0.718
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right or left sided colectomy
A subanalysis was performed for patients who underwent right sided hemicolectomy 
(group A; n=104) or left sided colectomy (group B; n=96). The results of preoperative CT 
scans are depicted in table 3 (group A: right sided colectomy) and table 4 (group B: left 
sided colectomy).

table 3. Grade of stenosis - Group A: Right sided colectomy (ileocecal resection, right hemicolec-
tomy, transverse colon resection)

all patients
(n = 104)

no leakage
(n = 88)

anastomotic leakage
(n = 16)

p-value

Superior mesenteric arterya

- No stenosis 65 54 (62.1%) 11 (68.8%) 0.820

- < 50 % 30 26 (29.9%) 4 (25.0%) 0.924

- ≥ 50 % 8 7 (8.0%) 1 (6.3%) 1.000

- 100 % (total occlusion) 0 0 (0%) 0 (0%) -

Values are given as number of patients (n) and percent (%) of group. Data was tested with the Chi-square test. a 
Data does not add up to 103 because of occasional missing data.

table 4. Grade of stenosis - Group B: Left sided colectomy (transverse colon resection, left hemico-
lectomy, sigmoid, (lower) anterior and resection)

all patients
(n = 96)

no leakage
(n = 82)

anastomotic leakage
(n = 14)

p-value

Inferior mesenteric artery

- No stenosis 47 39 (47.6%) 8 (57.1%) 0.676

- < 50 % 26 22 (27.2%) 4 (28.6%) 1.000

- ≥ 50 % 19 17 (21.0%) 2 (14.3%) 0.828

- 100 % (total occlusion) 4 4 (4.9%) 0 (0%) 0.897

Values are given as number of patients (n) and percent (%) of group. Data was tested with the Chi-square test.

table 2. Grade of stenosis – all patients (continued)

all patients
(n = 242)

no leakage
(n = 208)

anastomotic leakage
(n = 34)

p-value

Total occlusion of ≥2 arteries 2 (0.8%) 2 (1.0%) 0 (0.0%) 1.000

Values are given as number of patients (n) and percent (%) of group. Data tested with the Chi-square test.
a Data does not add up to 240 because of occasional missing data; b Data does not add up to 237 because of oc-
casional missing data; c Data does not add up to 238 because of occasional missing data; d Data does not add up 
to 239 because of occasional missing data.
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Group A: right-sided colectomy (ileocecal resection, right hemicolectomy and transverse 
colon resection).
The prevalence of anastomotic leakage was 15% (16 of 104 patients). At baseline there 
were no differences in possible risk factors other than arterial occlusive disease between 
patients with and patients without anastomotic dehiscence (data not shown). Of 104 pa-
tients with right sided colectomy, 8 patients (8%) had 50% stenosis or more of the superior 
mesenteric artery. Anastomotic leakage was seen in 1 of these patients (13%), versus 15 of 
95 patients without relevant vascular damage and anastomotic leakage (16%). Mortality 
rate in patients with anastomotic leakage after right-sided colectomy was as high as 25% 
(n=4).

Group B: left-sided colectomy (transverse colon resection, left hemicolectomy, sigmoid, 
anterior and lower anterior resection).
The prevalence of anastomotic leakage was 15% (14 of 96 patients). Again there were 
no differences in other risk factors at baseline. Of 96 patients who received a left-sided 
anastomosis, 23 patients (24%) had 50% stenosis or more of the inferior mesenteric artery. 
Anastomotic leakage was seen in 2 of these 23 patients (9%) versus 12 of 73 patients with 
anastomotic leakage without relevant vascular damage (16%). No patients in this group 
died.

In both groups, no significant differences were seen between the presence of vascular 
damage in any of the other main abdominal vessels and the occurrence of anastomotic 
leakage (data not shown).

disCussiOn

Atherosclerosis of the mesenteric arteries is a frequently observed condition in asymp-
tomatic patients. Stenosis in one or more mesenteric arteries is usually well tolerated be-
cause of a sufficient collateral network.27-30 But still atherosclerosis is often suggested to be 
associated with anastomotic dehiscence, although little is known in the literature on this 
subject. During colorectal surgery the normal blood supply to the intestines is disrupted 
and diminished blood flow may cause local intestinal ischemia. Possibly in cases where 
blood flow is already critical, i.e. due to a pre-existing compromised visceral circulation, 
the intestinal anastomosis is at risk for inadequate healing and subsequent anastomotic 
leakage. However, in this study among 242 patients undergoing colorectal anastomosis 
we could not find any association between an increased grade of atherosclerosis in one of 
the main abdominal arteries and the risk for anastomotic leakage.
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In the literature little is found about the consequences of impaired vascularisation in 
patients undergoing abdominal surgery. In acute aortic repair surgery occlusive ischemic 
colitis may occur due to acute occlusion or ligation of the inferior mesenteric artery. 
Although not funded by data it is general knowledge that in patients with an already 
occluded inferior mesenteric artery at the time of aortic repair, sigmoidal ischemia is rare 
due to an already newly formed collateral system. It seems from our findings that the 
same mechanism accounts for the absence of increased anastomotic leakage rate after 
colorectal surgery in patients with pre-existing visceral vascular damage.

Komen et al. used calcium scores to analyze the atherosclerotic load in abdominal ves-
sels.21 They identified calcium score, calcium mass and calcium volume as independent 
risk factors for anastomotic leakage in a group of 122 patients. The authors suggest that 
additional imaging of the iliac vessels in patients undergoing rectal surgery is justified, 
in order to quantify atherosclerotic calcifications in iliac arteries. However, in our study, 
using other method to measure degree of atherosclerosis, we could not find any relation 
between radiologically visible atherosclerosis and anastomotic dehiscence. Therefore it 
does not seem necessary to routinely extend preoperative staging imaging of the liver 
down to the iliac vessels.

In this study, overall leakage rate of 14% was relatively high, but no risk factors (table 
1) for anastomotic leakage were identified. There is no clear explanation for this rate. 
There was also no difference in leakage rate between right and left sided colectomy. The 
authors suggest that this may also be due to patient selection. In high risk patients who 
underwent left sided colectomy, primary stoma was more often performed. Furthermore, 
transverse colon resections were scored in both right and left sided colectomy. Left sided 
colectomy in our study was defined as transverse colon resection, left hemicolectomy, 
sigmoid, anterior and lower anterior resection.

Limitation of this study is its retrospective character. Although patients with poor-quality 
CT scans were excluded from further analysis there was variation in CT scans and differ-
ences in slice thickness. Therefore we excluded patients with a too low quality preopera-
tive CT scan form this analysis. In the selected 242 CT scans, calcified and non-calcified 
plaques and the degree of stenosis were clearly evaluated. In patients in whom peri-
operative (vascular) findings were critical or surgery was complicated, a primary stoma 
was performed rather than the creation of an anastomosis. Proper patient selection may 
therefore contribute to the absence of an association between vascular damage and 
anastomotic dehiscence. However, in our patient group still 41% had extensive visceral 
arterial occlusive disease. Also, with a relatively high leakage rate in our study the results 
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did not even show a trend towards statistical significance. Therefore, the found absence 
of an association seems reliable. It is likely that other clinical parameters may indicate 
vascular disease just as well, and that intra-operative findings may be of more importance 
to determine a well vascularised anastomosis.

COnClusiOn

In conclusion, compromised visceral circulation due to a higher grade of visceral artery 
occlusive disease is not associated with anastomotic leakage after colorectal surgery. Ad-
ditional radiologic imaging (i.e. CT in arterial phase) to assess vascular status of the patient 
prior to colorectal surgery does not seem indicated. Vascular lesions of the visceral arteries 
need not be taken into account in risk assessment of individual patients. Also, if vascular 
damage is seen on preoperative staging imaging there is no indication for percutaneous 
transluminal angioplasty (PTA) of the visceral vessels prior to partial colectomy.
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