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abstraCt

Purpose
Anastomotic leakage is one of the most feared complications following colorectal surgery 
with a high morbidity and mortality rate. Multiple risk factors have been identified, but 
leakage still occurs. Early detection is crucial in order to reduce morbidity and mortality. 
The aim of this study is to create a decision algorithm for early detection of anastomotic 
leakage.

methods
All patients who undergo elective colorectal surgery for benign or malignant disease are 
enrolled in this multicenter study. The primary endpoint is the accuracy of the prediction 
of anastomotic leakage. The main study parameter is the occurrence of postoperative 
anastomotic leakage. Secondary study parameters are: clinical (vital) parameters, addi-
tional laboratory or radiology examination, other complications, mortality, reintervention, 
duration of hospital and intensive care stay, emergency room visits, readmission to the 
hospital, and total costs. Daily physical examination and each step in clinical decision 
making will be evaluated prospectively in a standardized manner. The focus of the analy-
sis will be on the added value of diagnostic tools, such as laboratory results and imaging 
studies, over physical examination by using logistic regression and decision tree analysis.

Conclusion
This study aims to develop an optimal diagnostic algorithm that can act as a guideline for 
surgeons or surgical residents to early identify patients with anastomotic leakage after 
colorectal surgery.
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baCKGrOund

Anastomotic leakage is the most feared complication after colorectal surgery and can 
be life threatening if not rapidly diagnosed and treated. Over the past decades many 
measures have been taken to decrease leakage rates. Present day, leakage rates have 
stabilized, but remain as high as 1-19%, with substantial mortality rates up to 39%.1

Early detection of these patients is of utmost importance, but diagnosing anastomotic 
leakage may be a major challenge. In outspoken cases, the decision to reoperate can 
easily be made without additional radiological imaging modalities, but when symptoms 
are subtler, prompt diagnosis is difficult. Several clinical parameters have been shown to 
be associated with anastomotic leakage2, but when symptoms are more subtle, the time 
interval between the onset of symptoms and final diagnosis is often delayed, especially 
if a weekend is included within the time interval.3 In a previous study we demonstrated 
that the mortality rate after missed or delayed diagnosis was as high as 62.5%. In contrast, 
mortality after early detection was less than 10%.4

Radiological imaging may contribute to clinical decision making and abdominal com-
puted tomography (CT) scanning is generally the most preferred imaging tool. The 
literature on the value of abdominal CT scanning is limited and of poor quality as criteria 
are ill-defined and different CT features may also be interpreted differently, leading to 
inconclusive CT outcomes and secondary delay in diagnosis or unnecessary reoperations 
in patients without anastomotic leaks.4-5

The CONDOR-study is a multicenter prospective trial that aims to develop an optimal clini-
cal diagnostic strategy to early identify postoperative anastomotic leakage. The accurate 
evaluation of each step during the postoperative course in this study and insight in the 
added value of different clinical parameters, will lead to better understanding and clinical 
decision making. An optimal diagnostic strategy will improve the quality and safety of 
care and effectiveness of the management of critically ill patients.

methOds

study objectives
This study aims to develop an optimal clinical diagnostic algorithm to detect patients 
with anastomotic leakage after colorectal surgery. The algorithm is based on postopera-
tive physical examination, the added value of laboratory examination and, subsequent 
radiological imaging.
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study design
The CONDOR study is a prospective clinical diagnostic study, in which postoperative clini-
cal decision making will be evaluated. The value of individual tools (i.e. physical examina-
tion, vital parameters, laboratory examination, radiological studies and diagnostic surgical 
intervention), and the added value of each individual tool, will be assessed. Together with 
a decision tree analysis, this study will provide an optimal diagnostic decision algorithm 
in postoperative management of patients who undergo colorectal surgery. This algorithm 
aims to lead to earlier detection of anastomotic leakage.

setting
Multicenter study in four large teaching hospitals and one university hospital.

study population
All patients ≥ 18 years undergoing elective colorectal surgery with a primary intestinal 
anastomosis (ileo-colic, colonic or colorectal), with or without deviating stoma, will be 
eligible for inclusion in the study. Exclusion criteria are: age < 18 years, emergency surgery 
for colonic perforation, proven infection at time of inclusion / surgery, diverticulitis or 
colitis and patients in whom only a small intestinal anastomosis is performed.

endpoints and study parameters
Primary endpoint is the accuracy of the diagnosis of postoperative anastomotic leakage.

Primary study parameter:
– The occurrence of anastomotic leakage.

Secondary study parameters:
– All clinical (vital) parameters (which will be described in detail in the next paragraph).
– Additional laboratory examination.
– Additional radiology imaging.
– All individual postoperative complications (in-hospital).
– Mortality (in-hospital or within 30 days postoperatively).
– Reoperations or re-interventions.
– Duration of hospital and intensive care stay.
– Readmission to the hospital within 30 days after discharge.
– Emergency room visits.

The parameters are summarized in table 1.
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table 1. Definition of the different primary and secondary endpoints

endpoint definition

Anastomotic leakage Anastomotic dehiscence visualized at relaparotomy or endoscopy or percutaneous 
or transanal drainage of pus from next to the anastomosis or of enteral contents.

Morbidity All individual complications, as descibed below.

Intestinal ischemia Ischemia of the small or large intestines, visualized at abdominal CT-scan or 
colonoscopy requiring intervention.

Intestinal perforation Free intra-abdominal air on Abdominal X-ray or CT-scan, visualized at relaparotomy.

Enterocutaneous fistula Abnormal connection between the gastro-intestinal system and the skin with loss 
of faecal content.

Fascia dehiscence Clinical dehiscence of the fascia, requiring intervention.

Sepsis Systemic inflammatory response syndrome (SIRS) in combination with (local) 
infection with or without organ failure.
SIRS: including two or more of the following criteria:
- Temperature > 38 degrees or < 36 degrees.
- Heart rate > 90 beats per minute.
- Respiratory rate > 20 per minute.
- Leukocyte count: > 12 x 109 per liter or < 4.0 x 109 per liter

Intra-abdominal 
abscess

Fever with or without an increased C-reactive protein and/or lekocyte count in 
combination with an abnormal collection of pus or infected material on ultrasound 
or CT-scan.

Ileus Nausea, vomiting and the absence of stool.

Wound infection Surgical site infection with purulent discharge from the wound or drain, organisms 
isolated from aseptically obtained wound cultures and including at least one of the 
following: redness, heat, pain, tenderness, localized swelling.

Bleeding Decrease in serum haemoglobin level requiring transfusion and/or re-intervention.

Cardiac Cardiac arrhythmias requiring medication or intervention; cardiac failure visualized 
on chest X-ray; myocardial infarction on electrocardiogram or ultrasound with or 
without increased troponin levels.

Respiratory Pneumonia, visualized on X-ray and/or positive outcome of a sputum culture 
requiring antibiotic treatment, respiratory insufficiency requiring intubation and 
ventilation.

Thrombo-embolic Radiological proven deep venous thrombosis or pulmonary embolism.

Cerebrovascular Complication in which an area of the brain is temporarily or permanently affected 
by bleeding or lack of blood flow, proven on cerebral CT scan.

Urinary tract infection Clinical symptoms in combination with positive urine sediment or urine culture 
requiring antibiotic treatment.

Delirium Neuropsychiatric complication with acute confusional state, requiring medication.

Mortality Death during hospital stay or within 30 days postoperatively.

Re-intervention Relaparoscopy, (re)laparotomy, radiological intervention (i.e. drainage).

Stay on intensive care Stay on the intensive care unit postoperatively.

Hospital stay Total length of hospital stay starting from the first postoperative day until discharge.

Readmission Readmission to the hospital within 30 days after discharge.

Emergency room visit Visit to the emergency room for medical related symptoms.
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ethics and informed consent
The CONDOR study is conducted in accordance with the declaration of Helsinki. The 
study protocol was approved by the United committees involving human research (“Wet 
Medisch Wetenschappelijk Onderzoek met Mensen”), the medical ethical committee of 
the trial coordinating centre. The local institutional review board waived the need for 
informed consent. Participation in the study does not oppose a risk greater or different 
from the general surgical treatment of patients with an indication for colorectal surgery. 
There is no burden of participation. Possibly patients will benefit from participation since 
regular and standard physical examinations will be done.

diagnostic tests
Full examination will consist of:
1. Pre-operative clinical characteristics and intra-operative parameters (table 2). Param-
eters will be scored on case record forms (CRF).

2. Postoperative examination (table 2):
– Daily clinical examination at a set time point and monitoring of vital parameters
– Laboratory examination (if deemed necessary)
– Radiological imaging (if deemed necessary).

From the first postoperative day until discharge or reaching the event (anastomotic 
leakage), the patients will undergo a standardized clinical assessment once a day, in the 
morning (figure 1). The treating surgeon or surgical resident (‘doctor’) will each time be 
asked to indicate whether or not the patient is suspected to suffer from anastomotic leak-
age on a VAS (visual analogue scale) score of 0 to 10. Then, the doctor is asked whether 
he/she needs laboratory measures. If so, again he/she will score the probability of leakage 
after having looked at the results of this laboratory test. Afterwards, the same question 
accounts for the need for radiological imaging. If answered yes, and after having gotten 
the results of imaging, again the doctor is asked to grade the suspicion of anastomotic 
leakage. Finally the doctor indicates whether or not an intervention will be needed. Each 
step will be recorded on CRFs. Physical examination and clinical decision making will be 
performed by both residents and surgeons, since this will reflect the daily practice in 
participating hospitals. In all participating hospitals, major decisions such as performing 
a relaparotomy will always be a surgeon’s decision. The patient reaches the end of these 
standard examinations when an anastomotic leakage is detected or when the patient is 
discharged from the hospital. The gold standard in the diagnosis of anastomotic leakage 
is the presence of a dehiscent anastomosis at relaparotomy/-scopy or the efflux of feces 
from a percutaneous drain.
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Clinical parameters
All parameters (which were based on the daily practice and literature) will be scored on 
CRFs1-2: clinical condition, mental condition, absence of stool, vital parameters: respiratory 

table 2. Pre-/intra- and postoperative parameters

Preoperative parameters

- Age

- Sex

- Length, weight, BMI

- ASA score

- Smoking

- Use of alcohol

- Use of medication: steroids / anticoagulants / antihypertensive drugs

- Comorbidity: cardiovascular, thrombotic, diabetes mellitus, respiratory, gastro-intestinal, neurological, 
urogenital, muscles, endocrine system, infection, malignant disease, other.

- Neoadjuvant therapy

- History of abdominal surgery

Intra-operative parameters

- Surgery

- Surgeon and experience

- Additional procedures

- Approach: open or laparoscopic procedure

- Type of anastomosis

- Technique of anastomosis

- Distance of anastomosis to anal verge

- Performance of an entero-stomy

- Duration of surgery

- Intraoperative blood loss

- Intra-operative blood transfusion

Postoperative clinical examination

- Clinical condition

- Mental condition

- Abdominal distension

- Signs of an ileus

- Nasogastric tube

- Absence of stool

- Drainage

- Vital parameters: respiratory rate, heart rate, blood pressure, temperature, urine production
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rate, heart rate, blood pressure, temperature, urine production. These parameters include 
all variables of the well known Early Warning Score (EWS).6

 

Pre- and intraoperative parameters

Postoperative daily clinical examination

Postoperative daily vital parameters

Eligible patients
(n=1000)

 
Suspicion of a complication?

NoYes

 Is there an indication for
laboratory examination?

Yes No

 Is there an indication for
radiological examination?

Yes No

 Is there an indication for
an intervention?

Yes No

 
Conservative
treatment

Antibiotic 
treatment

Drainage Relaparoscopy / 
relaparotomy

Nasogastric 
tube

Other

figure 1. Flow chart of the study protocol
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A laboratory examination includes: haemoglobin level, C-reactive protein, leukocyte 
count, serum creatinine, urea, electrolytes (potassium, sodium). This examination will be 
performed according to local protocol and if deemed indicated. Laboratory results are 
interpreted after collecting and scoring previous mentioned parameters.

Additional radiological imaging tools will only be performed when indicated. This deci-
sion will be made by the treating surgeon or surgical resident. If an abdominal CT scan is 
considered, standardized radiological CT-parameters will be scored on CRFs.

Outcome measures

Follow-up
Duration of follow-up will be two weeks after discharge or the first outpatient visit. This 
includes all available information regarding pathology results, “out-of-hospital” complica-
tions or mortality and emergency room visits.

statistical considerations

Sample size
This study is powered to come to an early diagnosis of anastomotic leakage. A mean inci-
dence of anastomotic leakage after colorectal surgery of 10% was used, which was calculated 
by combining incidences from the literature1, the Dutch Surgical Colorectal Audit (DSCA)7 
and our own retrospective data from the St. Antonius hospital, Nieuwegein, the Netherlands 
(table 3). To be able to evaluate at least 100 patients with anastomotic leakage a total of 
1.000 patients who undergo colorectal surgery with primary anastomosis is needed. This 
sample size will also provide sufficient data to evaluate other postoperative complications.

table 3. Incidences of anastomotic leakage

reference incidence of leakage

Literature1. 1-19%

Dutch surgical colorectal audit7:
- Colonic resections
- Rectal resections

Mean 8.4%
8.0% (2010), 6.5% (2011), 6.5% (2012)
12% (2010), 9.2% (2011), 8.0% (2012)

Retrospective cohort study St.Antoniushospital, Nieuwegein, 
the Netherlands (malignant colorectal surgery between 2009-
2011, n=389)

14.9%
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Statistics
Final analysis will be done after follow up of the final patient is completed and sufficient 
patients with anastomotic leakage have been included. Main endpoint and the occur-
rence of study parameters will be evaluated according to the definitions listed in this 
protocol (table 1). Continuous data will be expressed as mean with standard deviation 
(SD) for normally distributed data or median with inter quartile range (IQR) for not nor-
mally distributed data. Dichotomous data and counts will be expressed in frequencies 
and numbers. Normal distribution will be assessed by visually inspecting the histograms 
and the Kolmogorov-Smirnov test. Missing data will be explored and, if the percentage 
exceeds 10% multiple imputations will be performed.

Analyses

1. In general:
A baseline table will be created for all patient in the study. Differences between groups, 
i.e. patients with anastomotic leakage versus no leakage, will be tested using the Mann-
Whitney-U test for data that is not normally distributed, the independent two sample 
t-test for data with a normal distribution, or the Chi-square test for binomial data. All 
probability values are two-tailed. P < 0.05 will be used as level of significance.

2. Development of a diagnostic algorithm:
First, independent risk factors for the occurrence of anastomotic leakage will be identified 
using a multiple logistic regression model.

Second, sensitivities, specificities, positive predictive values (PPV) and negative predic-
tive values (NPV), likelihood ratios and accuracy will be calculated for each individual 
diagnostic step, including physical examination, laboratory examination, radiological 
imaging, and for a combination of parameters as a stepped approach (i.e. physical exami-
nation and laboratory results, etcetera).

Finally, decision tree analysis will be used to determine risk groups and to develop 
an optimal diagnostic strategy for the identification of patients at risk for postoperative 
anastomotic leakage.

study period
In a large teaching hospital yearly at least 150 patients will be eligible for inclusion in this 
study. Given the number of 1.000 patients needed for this study, the expected drop out of 
10% of patients, after participation of four other hospitals, the expected inclusion will be 
completed within two years.
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disCussiOn

Early detection of anastomotic leakage after colorectal surgery is crucial but often chal-
lenging. Delay in diagnosis leads to increased morbidity and mortality. Surgeons and resi-
dents will be triggered to allow early identification of patients with deteriorating clinical 
conditions. The accurate evaluation of each step during the postoperative course will lead 
to better understanding and clinical decision making. An optimal diagnostic strategy will 
improve the quality and safety of care and effectiveness of the management of patients 
suspected for anastomotic leakage.

In conclusion, the CONDOR study is a multicenter study which aims to develop an opti-
mal diagnostic strategy regarding the value of additional imaging tools (i.e. computed 
tomography scans) over pre-and peri-operative risk-assessment, postoperative physical 
examination and laboratory examination, to detect postoperative complications after 
colorectal surgery for colorectal disease.
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