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abstraCt

background
Anastomotic leakage is one of the most life-threatening complications after colonic sur-
gery. Correct diagnosis and treatment is important to reduce morbidity and mortality. An 
abdominal CT scan is one of the main diagnostic tools in diagnosing anastomotic leaks. 
The aim of this study was to examine the accuracy of abdominal CT scanning to detect 
anastomotic leakage and to evaluate the consequences of a false negative CT outcome.

methods
All consecutive patients who underwent colonic resection for malignant disease between 
2009 and 2011 or for benign disease in 2010 were reviewed. Patients in whom a postop-
erative abdominal CT scan was performed to detect anastomotic leakage were included.

results
In 97 of 524 patients who underwent colonic surgery, an abdominal CT scan was performed 
for the suspicion of anastomotic leakage. Overall leakage rate was 10.9% (n=57). Mortality 
rate after leakage was 21.1% (n=12). Results from all abdominal CT scans revealed an over-
all sensitivity of 0.59 (95% CI 0.43-0.73), a specificity of 0.88 (95% CI 0.75-0.95), positive 
predictive value 0.82 (95% CI 0.64-0.92), negative predictive value 0.70 (95% CI 0.57-0.81) 
and an accuracy of 74%. Delayed reintervention for anastomotic leakage due to a false 
negative CT outcome resulted in death in 62.5% (n=5).

Conclusion
The sensitivity of abdominal CT scanning after colonic surgery is relatively low. A negative 
CT scan does not rule out anastomotic leakage. Even with a negative CT scan, we should 
remain equally alert at clinical deterioration as an argument for timely intervention.
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intrOduCtiOn

Anastomotic leakage is a severe and life-threatening complication after colonic surgery. The 
incidence ranges from 1% to 28%.1-15 Mortality after anastomotic leakage is high and a rate 
up to 39% is reported in the literature.2,4,8,13-17 Rapid diagnosis and treatment is of utmost 
importance to reduce morbidity and mortality.17 First and foremost, the deterioration of the 
patient’s clinical condition is leading in the suspicion of anastomotic leakage. In outspoken 
cases the decision to reoperate can easily be made clinically, without additional radiological 
imaging modalities. The challenge is to identify leakage in those cases with more subtle 
and confusing signs and symptoms in the early postoperative period. Clinical parameters 
as a primary diagnostic tool to detect anastomotic leakage have a low sensitivity.7,14,18,19 
Several studies have focussed on clinical scoring systems for the diagnosis of anastomotic 
leakage, but most of these scores have not been validated.20,21 Also ‘trigger systems’, i.e. early 
warning scores and medical emergency teams, have been introduced worldwide for rapid 
identification of surgical and non-surgical patients with deteriorating clinical conditions.22-24 
These scoring systems have not yet been introduced for the identification of patients with 
anastomotic leakage. Until today uniform parameters for the early detection of patients 
with anastomotic leakage are lacking. Radiological imaging may be of help when clinical 
parameters are considered inconclusive. It is debatable which imaging modality is superior 
in detecting anastomotic leakage, but CT scanning with enteral contrast is considered the 
gold standard.3,14,18,19,25,26 However, literature of the value of CT scanning is limited.27 Also, 
little has been reported about the consequences of a false negative CT scan.

In this study we aimed to determine the accuracy of abdominal CT scans in the detec-
tion of anastomotic leakage after colorectal surgery in a large group of patients and we 
analyzed the clinical consequences of false negative imaging.

material and methOds

All consecutive patients who underwent elective or emergency colonic surgery with 
primary anastomosis for malignant disease between January 2009 and December 2011 or 
for benign disease in 2010 were retrospectively analyzed. Patients with rectal anastomosis 
were excluded from this study. All patients for whom a postoperative abdominal CT scan 
was performed for the suspicion of anastomotic leakage were included in this study. The 
early warning score (respiratory rate, pulse rate, systolic blood pressure, temperature, 
urine production and neurologic status)23, other clinical parameters, timing and indication 
of the CT scan, radiological features, interval between CT scan until treatment, reinterven-
tion, presence of anastomotic leakage and the clinical outcome were assessed.
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CT imaging was performed on a sixteen and a two hundred fifty-six slice-MDCT scanner 
(Philips, Netherlands) with a slice thickness of algorithm of 3-5 mm with axial and coronal 
reconstructions. Intravenous contrast (100 ml of iobitridol, Xenetix 300, Guerbet Neder-
land BV), was given in all patients, excluding those with renal failure or proven allergy. 
Oral contrast (20 ml iobitridol 300 mg I/ml, Guerbet, diluted in 1 l of tapwater) was given 
in all patients unless there were signs of ileus. In most patients with signs of a paralytic 
ileus, a nasogastric tube combined with a feeding tube in the small intestine was placed. 
The feeding tube in the small intestine was used to give oral contrast. Rectal contrast 
was not routinely given in patients after colonic resections. CT scans were reviewed by 
experienced radiologists or radiology residents, supervised at all times. For this study, we 
used the radiology reports as given at the time. All patients completed follow-up for at 
least 30 days after primary surgery.

Anastomotic leakage was defined as anastomotic dehiscence visualized at relaparotomy 
or endoscopy or percutaneous or transanal drainage of pus or enteral contents adjacent 
to the anastomosis. Radiological anastomotic leakage was defined as the presence of ex-
traluminal contrast medium, air bubbles directly near the anastomosis or perianastomotic 
fluid collections and/ or pneumoperitoneum.

statistical analysis
All data were pooled into a database. Sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) with 95% confidence intervals and accuracy were 
calculated. Quantitative data were expressed as number of patients, mean and standard 
deviation for normal data or median and inter quartile range (IQR) for non-normal data. 
P < 0.05 was used as level of significance. The data were analyzed with SPSS statistical 
software (SPSS Statistics Version 19.0, Inc., Chicago, Illinois, USA).

results

Between January 2009 and December 2011 524 consecutive patients underwent colonic 
surgery with primary anastomosis. The overall leakage rate was 10.9% (n=57), with an 
overall mortality rate after leakage of 21.1% (n=12). Leakage rate did not differ between 
open and laparoscopic procedures. There were also no differences between benign and 
malignant patients. Eleven patients were reoperated within 6 days after initial surgery (IQR 
4.5-9.5), without prior CT scan. The main reason to reoperate on these patients was their 
clinical condition combined with free air under the diaphragm diagnosed on thoracic or 
abdominal X-ray or percutaneous drainage of enteral contents. Of these 11 patients, one 
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patient died (9.1%). In 97 patients an abdominal CT scan for the suspicion of anastomotic 
leakage was performed (table 1). Anastomotic leakage was confirmed at relaparotomy or 
drainage in 46 of these patients. Clinical parameters at the time of the CT scan are listed 
in table 2.

accuracy of Ct scan
Sensitivity of the CT scan to demonstrate anastomotic leakage was 0.59 (95% CI 0.43-0.73) 
and PPV 0.82 (95% CI 0.64-0.92). Specificity was 0.88 (95% CI 0.75-0.95) and NPV 0.70 (95% 
CI 0.57-0.81) with an accuracy of 74% (table 3).

Outcome of Ct scan and subsequent management
CT outcomes were divided into different groups (table 2):
1. CT outcome suggesting anastomotic leakage (n=33);
2. CT outcome negative for anastomotic leakage, but suggesting other complications 

(n=7);
3. CT outcome negative for anastomotic leakage or other complications (n=57). This group 

was further divided into: 3a. Patients who underwent immediate reintervention despite 
negative CT (n=15); and 3b. Patients who (initially) were managed by ‘wait and see’ 
(n=42). Clinical condition of patients at the time of CT scanning is depicted in table 2.

Group 1: CT scan suggesting anastomotic leakage
In 33 of 97 patients the CT scan suggested anastomotic leakage. Of these patients, 31 
underwent relaparotomy and anastomotic dehiscence was confirmed in 27 patients. 
Mortality in these 27 patients with anastomotic leakage was 7.4% (n=2). In 2 patients 
intra-abdominal hematoma without active bleeding was found upon relaparotomy; two 
patients underwent negative relaparotomy. These four patients all recovered rapidly. The 
remaining two patients with a positive CT scan were managed expectantly due to improv-
ing clinical course and were discharged from the hospital within three days. There was no 
delay between diagnosis and reoperation in these 31 patients. Median hospital stay after 
reintervention was 14 days (IQR 9-25).

Group 2: CT scan suggesting other complications
In 7 patients the CT scan suggested other abdominal complications, i.e. massive he-
matoma, bowel perforation or abscess not adjacent to the anastomosis. Findings upon 
relaparotomy were intra-abdominal hematoma (n=2), fascia dehiscence (n=1), obstruc-
tive ileus (n=1), abscess (n=1) and large bowel perforation (n=2). Mortality rate in these 
patients was 0%. Median hospital stay after reintervention was 9 days (IQR 7-25).
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table 1. Baseline and operation-related characteristics

all patients
(n = 97)

Age at surgery (years) 67 (59 - 75)

Sex: male (n) / female (n) 52 (53.6%) / 45 (46.4%)

BMI (kg/m2) 26.6 (24.1-29.1)

ASA-score 2 (2-3)

- ASA 1 (n) 10 (10.3%)

- ASA 2 (n) 59 (60.8%)

- ASA 3 (n) 28 (28.9%)

Pathology

- Benign (n) 32 (33.0%)

- Malignant (n) 65 (67.0%)

Approach

- Laparotomy (n) 65 (67.0%)

- Laparoscopic (n) 26 (26.8%)

- Converted (n) 6 (6.2%)

Type of surgery

- Ileocecal resection 5 (5.2%)

- Right hemicolectomy 45 (46.4%)

- Left hemicolectomy 5 (5.2%)

- Sigmoidal/anterior resection 20 (20.6%)

- (sub)total colectomy 2 (2.1%)

- Restore bowel continuity 13 (13.4%)

- Other 7 (7.2%)

Type of anastomosis (n=90)

- End to end (n) 1 (1.1%)

- End to side (n) 14 (15.6%)

- Side to end (n) 3 (3.3%)

- Side to side (n) 72 (80.0%)

Suture or stapled

- Handsutures (n) 21 (21.6%)

- Stapled (n) 45 (46.4%)

- Both (n) 31 (32.0%)

Timing

- Elective (n) 83 (85.6%)

- Urgent (n) 14 (14.4%)

Protective ileostomy (n) 5 (5.2%)

Values are given as number of patients (n) and percent (%) of group. Age and BMI are expressed in median (inter 
quartile range). BMI body mass index, ASA American Society of Anaesthesiologists.
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Group 3: CT scan negative for anastomotic leakage or other complications
In 57 patients the CT scan was judged as normal without significant signs of anastomotic 
dehiscence or other abdominal pathology. Nineteen of these patients were found to have 
anastomotic leakage despite this negative scan (33.3%). Mortality rate among these 19 
patients with leakage was 47.7% (n=9). Fifteen of these 57 patients with a negative CT 
outcome underwent immediate relaparotomy because of clinical deterioration (group 
3a), and the remaining 42 patients were managed by ‘wait and see’ because of milder 
clinical symptoms (group 3b). In group 3a, anastomotic leakage was confirmed in 11 of 
15 patients; mortality in these patients with leakage was 36.4% (n=4). Median hospital 
stay after leakage of the survivors was 25 days (IQR 11-38). After negative relaparotomy, 
1 patient required antibiotic treatment for pneumonia and the remaining three patients 
recovered uneventfully.

table 2. Clinical signs, laboratory results at timing of CT scanning and management with clinical 
outcome

Group 1.
Positive Ct

outcome

(n = 33)

Group 2.
Ct outcome 

suggesting other 
complication

(n = 7)

Group 3a.
negative Ct 

outcome and 
reintervention

(n = 15)

Group 3b.
negative Ct 

outcome and
‘wait-and-see’

(n = 42)

Abdominal pain (n) 20 (60.6%) 4 (57.1%) 12 (80.0%) 25 (59.5%)

Peritoneal tenderness (n) 20 (60.6%) 4 (57.1%) 12 (80.0%) 25 (59.5%)

Fever > 38.5 degrees (n) 12 (36.4%) 1 (14.3%) 4 (26.7%) 4 (9.5%)

C-reactive protein 253 (167 - 341) 195 (35 - 245) 125 (71 - 261) 199 (142 - 276)

 - >200 (n) 22 (66.7%) 3 (42.9%) 7 (46.7%) 17 (40.5%)

Leukocyte counta 12.8 (7.6 - 15.2) 10.0 (7.1 - 21.4) 11.3 (8.4 - 22.4) 10.0 (6.7 - 14.2)

 - ≤ 3.5 / ≥ 13 (n)a 15 (45.5%) 3 (42.9%) 7 (50.0%) 15 (38.5%)

Early Warning Score23 2 (0 - 3) 1 (0 - 3) 2 (0 - 6) 0 (0 - 1)

Timing of CT scan (days) 5 (4 - 8.5) 10 (7 - 17) 7 (4 - 10) 6 (5 - 14)

Reintervention (n) 31 (93.9%) 7 (100%) 15 (100%) 8 (19.0%)b

Timing of reintervention 
after CT scanning (days)

0 (0 - 0) 0 (0 - 2) 1 (0 - 2) 6 (4 - 16)

Anastomotic leakage (n) 27 (81.8%) 0 (0%) 11 (73.3%) 8 (19.0%)

Mortality rate in leaking 
patients (n)

2 (7.4%) - 4 (36.4%) 5 (62.5%)

Hospital stay after 
reintervention (days)

14 (9 - 25) 9 (7 - 25) 25 (11 - 38) 26 (15 - 33)

Values are given as number of patients (n) and percent (%) of group or median with inter quartile range (IQR). C-
reactive protein (mg/L); Leukocyte count x109/L. The p-value describes the difference between all patients with 
anastomotic leakage and different CT outcomes.
a Data does not add up to 93 because of occasional missing data.
b Delayed reintervention
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The remaining 42 patients with a negative CT scan were initially managed by ‘wait and 
see’ (group 3b). Eight patients in this group were eventually found to suffer from anasto-
motic leakage, of which 5 patients died (mortality rate 62.5%). In 7 of these 8 patients with 
leakage a second CT scan was performed: in five patients the CT scan showed minimally 
increased fluid and air collections directly next to the anastomosis and CT scan was again 
negative for leakage in two patients. In 2 of the 8 patients with leakage we abstained from 
reoperation at the time of diagnosis because of a poor clinical status of the patient; the 
remaining 6 patients underwent relaparotomy on a median of 6 days after the first nega-
tive CT scan (IQR 4-16), resulting in prolonged ICU treatment for multiple organ failure in 
all patients and death in 3 patients. Median hospital stay after leakage of the survivors was 
26 days (IQR 15-33). The remaining 34 patients in group 3b recovered rapidly and did not 
undergo reintervention.

Ct features indicating anastomotic leakage
Intra-abdominal free air and localized perianastomotic fluid and air were significantly 
more frequently observed in patients with anastomotic leakage versus patients without 
anastomotic leakage. There were no differences in the occurrence of intra-abdominal fluid 
collections between these two groups, p=0.130 (table 4).

table 3. Sensitivity, specificity, positive and negative predictive value

Ct-outcome
anastomotic leakage 

(n)
no anastomotic 

leakage (n)
results (95% Ci)

Positive 27 6 Sensitivity: 0.59 (0.43-0.73)
Specificity: 0.88 (0.75-0.95)
PPV: 0.82 (0.64-0.92)
NPV: 0.70 (0.57-0.81)

Negative 19 45

PPV, positive predictive value; NPV, negative predictive value. Values are given as number of patients (n). Sensi-
tivity, specificity, PPV and NPV are given with 95% CI (confidence interval).

table 4. Postoperative CT features

all patients
(n = 97)

no leakage
(n = 51)

anastomotic
leakage (n 

= 46)
p-value

Or
(95% Ci)

Intra-abdominal fluid collection 77 (79.4%) 37 (72.5%) 40 (87.0%) 0.130 2.52 (0.88-7.25)

Intra-abdominal free air 48 (49.5%) 14 (27.5%) 34 (73.9%) < 0.001 7.49 (3.04-18.43)

Peri-anastomotic localized fluid 33 (34.0%) 7 (13.7%) 26 (56.5%) < 0.001 8.17 (3.04-21.95)

Peri-anastomotic free air 34 (35.1%) 7 (13.7%) 27 (58.7%) < 0.001 8.93 (3.12-24.04)

Values are given as number of patients (n) and percent (%) of group; OR, odds ratio with 95% confidence interval.
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elective versus emergency surgery
Leakage rates were comparable between patients who underwent elective versus emer-
gency surgery. Sensitivity and specificity of the CT scan were comparable between elective 
and emergency operated patients: 0.60 (95% CI 0.43-0.75) versus 0.50 (95% CI 0.14-0.86) 
for sensitivity and 0.88 (95% CI 0.74-0.96) versus 0.88 (95% CI 0.47-0.99) for specificity. PPV 
was 0.83 (95% CI 0.64-0.94) versus 0.75 (95% CI 0.22-0.99) and NPV 0.70 (95% CI 0.56-0.82) 
versus 0.70 (95% CI 0.35-0.92) respectively). One out of 14 emergency patients died, CT 
scan was false negative in this patient (33%). A false negative CT scan for elective patients 
(n=16) resulted in death in 8 patients (50%).

disCussiOn

Timely diagnosis of anastomotic leakage after colonic surgery is a daily challenge in surgi-
cal practice. Clinical and biochemical parameters and radiologic imaging may help us in 
detecting anastomotic dehiscence. In this study, with the largest homogeneous group of 
patients for whom an abdominal CT scan was performed for the suspicion of anastomotic 
leakage after colonic surgery (n=97), overall sensitivity was as low as 0.59 (95% CI 0.43-
0.73). Of all patients with a negative CT scan 33% of the patients eventually appeared to 
have an anastomotic leakage. Mortality rate due to delay in diagnosis after a false negative 
CT scan increased to 63% after delayed diagnosis versus less than 10% in patients with a 
positive CT outcome and immediate intervention.

Abdominal CT scanning undoubtedly has its value in the detection of anastomotic leakage, 
but sensitivity of CT scanning to detect anastomotic leakage in this study was low. These 
results are in accordance with a recent review in which we demonstrated that the overall 
sensitivity calculated from eight different studies with a total number of 221 abdominal CT 
scans after colorectal surgery was 0.68 (95% CI 0.59-0.75).27 However, the available litera-
ture is limited, includes small numbers of heterogeneous study populations, and different 
definitions for clinical and radiological anastomotic leakage are used.3,14,18,19,25-29 Despite 
the limited quality of the available literature, we all consider CT scanning as an important 
diagnostic parameter in diagnosing or ruling out anastomotic dehiscence and clinicians 
tend heavily to rely on its outcome. Previous studies reported that a false negative CT 
outcome may delay adequate treatment29,30, but the consequences of a false negative CT 
scan are not well described. Our study surprisingly demonstrates that we should not only 
be aware of the low sensitivity of CT (which is almost as reliable as a flip of the coin), but 
foremost of its limited specificity: a false negative CT scan may delay early diagnosis and 
thereby adequate treatment, with potentially devastating consequences.
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Our results clearly show the difference in clinical decision making after negative CT 
scanning: immediate reintervention versus ‘wait and see’. When re-evaluating the clinical 
course at time of CT scanning, clinical and vital signs of patients with a negative CT scan 
who underwent immediate reintervention (group 3a) were worse compared with the 
mild clinical signs of group 3b (‘wait and see’). A false negative CT scan combined with 
mild clinical symptoms resulted in a ‘wait and see’ policy (group 3b) and consequently 
in a delayed diagnosis. Reintervention was eventually performed 6 days after negative 
CT scanning due to deteriorating clinical course and this group had the worst clinical 
outcome with a mortality rate of 63%. Sometimes the nature of developing anastomotic 
leaks, with initially mild and only later more pronounced clinical features, contributes to a 
delay in diagnosis. The reason for CT scanning in the first place was the presence of clinical 
symptoms, including abdominal pain and an increased C-reactive protein. Other diagno-
ses, e.g. pneumonia or urine tract infection, were excluded by absence of positive sputum, 
urine or blood cultures or infiltrates on chest X-ray and abnormalities on CT scanning. All 
eight patients with delayed diagnosis of anastomotic leakage further deteriorated after 
the first CT scan, but at which point the earlier negative CT scan is abandoned as decisive 
is extremely difficult to say and differs per patient.

Mortality rate in patients who underwent immediate reintervention was also high (36%). 
In these patients initial subtle clinical signs had caused delay in performing a CT scan. By 
the time a (false) negative CT scan was obtained, clinical signs prompted reintervention. 
The deterioration of these patients by the time of CT scanning is illustrated by the high 
mortality rate compared with the patients who underwent immediate reintervention 
after positive CT scanning. There was no influence of the clinical status of elective versus 
emergency patients. It is likely to suggest that patients who undergo emergency surgery 
are deteriorated more at time of surgery than patients who are electively planned for sur-
gery and this consequently might influence the postoperative course. Although numbers 
were small, in our study outcome after a negative CT scan was not worse for emergency 
surgery patients compared with elective surgery.

In addition, when re-evaluating the CT features of these 8 patients in group 3b with delayed 
treatment, the CT features were not different from the scans of the remaining patients with 
a negative CT outcome. Although we found slight abnormalities, such as limited free fluid 
or air, these findings were interpreted as ‘compatible with recent surgery’, as were seen in 
the other patients. It has been described before that, especially in the early postoperative 
period, intra-abdominal fluid or extra-luminal air may very well be a normal consequence 
of recent abdominal surgery and postoperative CT features between patients with and 
without leakage are sometimes comparable.7,27,31-33 Furthermore, rectal contrast was not 
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routinely given in patients with more proximal anastomoses. We excluded patients who 
underwent rectal resections to increase homogeneity. It is discussed in the literature that 
contrast may not always leak through the disrupted anastomosis or not even reach a more 
proximal anastomosis.25,26,32

This study demonstrates the importance of clinical status in addition to radiological 
outcome. The value of clinical parameters has been discussed previously.18,19,30,31 Recently, 
Gervaz et al created a risk score including a combination of laboratory and radiology pa-
rameters.34 It becomes more and more clear that neither clinical condition nor radiological 
outcome should be assessed independently from each other. We are in need of prospec-
tively generated evidence based scoring systems using clinical parameters and radiologic 
imaging, together, in order to come to a timely diagnosis of anastomotic dehiscence.

A limitation of this study is its retrospective character, although this is in concordance 
with current clinical practice. The indication for CT scanning, intervention or ‘wait and 
see’ is subject to a doctor’s personal opinion or experience. Considerations in decision 
making had been well documented and were very clear from our clinical records, but with 
comparable clinical and radiological results decision making differs among surgeons. 
In our hospital, standardized postoperative scoring systems, protocols and twice daily 
clinical examination of patients by residents, supervised by experienced gastro-intestinal 
surgeons is part of standard care. Furthermore, CT scans are reviewed by experienced ra-
diologists or by residents, always supervised by a radiologist. CT scans were scored using 
standardized protocols. In the literature different definitions of clinical and radiological 
anastomotic leakage are used.27,35 Nicksa et al demonstrated that sensitivity increased 
from 0.15 to 0.48 when other criteria were used to define radiological leakage.26 This 
supports the need for uniform radiological and clinical criteria to define and quantify the 
probability of anastomotic leakage.

COnClusiOn

In conclusion, both clinical parameters and radiologic imaging are important in the 
diagnosis of anastomotic leakage after colonic surgery. A negative CT scan should not 
reassure us: it should be regarded as a ‘snapshot’ and any clinical deterioration should 
prompt us to reconsider the diagnosis and, if necessary, to perform a relaparotomy.
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