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Early diagnosis of anastomotic leakage after colorectal surgery
by the Dutch leakage score, serum procalcitonin and serum
C-reactive protein: study protocol of a prospective multicentre
observational study by the Italian ColoRectal Anastomotic Leakage
(iCral) study group
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SUMMARY: Early diagnosis of anastomotic leakage after colorectal surgery by the Dutch leakage score, serum procalcitonin and serum C-reactive protein: study protocol of a
prospective multicentre observational study by the Italian
ColoRectal Anastomotic Leakage (iCral) study group.
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Background. Anastomotic leakage (AL) is a dreaded major complication after colorectal surgery. There is no uniform definition of
anastomotic dehiscence and leak. Over the years many risk factors have
been identified (distance of anastomosis from anal verge, gender, BMI,
ASA score) but none of these allows an early diagnosis of AL. The
DUtch LeaKage (DULK) score, C reactive protein (CRP) and procalcitonin (PCT) have been identified as early predictors for anastomotic
leakage starting from postoperative day (POD) 2-3. The study was designed to prospectively evaluate AL rates after colorectal resections, in
order to give a definite answer to the need for clear risk factors, and testing the diagnostic yeld of DULK score and of laboratory markers.
Methods and analysis. A prospective enrollment for all patients
undergoing elective colorectal surgery with anastomosis carried out
from September 2017 to September 2018 in 19 Italian surgical centers. Outcome measures: preoperative risk factors of anastomotic leakage; operative parameters; leukocyte count, serum CRP, serum PCT
and DULK score assessment on POD 2 and 3. Primary endpoint is
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AL; secondary endpoints are minor and major complications according to Clavien-Dindo classification; morbidity and mortality rates;
readmission and reoperation rates, length of postoperative hospital stay
(Retrospectively registered at ClinicalTrials.gov Identifier:
NCT03560180, on June 18, 2018).

KEY WORDS: Anastomotic leakage - Colorectal surgery - Multicenter study - Prospective observational study - Study protocol.

Background

io
ni
In
te
r

na
zi

Comment by the Editor-in-Chief
We accepted very favorably the publication of this very interesting polycentric and perspective article, which reports
the opinion of many Italian surgeons particularly dedicated to colorectal surgery. We think the article should be considered the stand point on the treated topics within the Italian Surgery, which with many personal and group scientific papers give an important contribution to the knowledge about anastomotic dehiscence in colorectal surgery
(Giorgio Di Matteo).
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Anastomotic leakage (AL) is a dreaded major
complication after colorectal surgery (1). The overall
incidence of anastomotic dehiscence and subsequent
leaks is 2 to 7% when surgery is performed by experienced surgeons (2-5). The lowest leak rates are
found with ileocolic anastomoses (1 to 3%) and the
highest occur with coloanal anastomosis (10 to
20%) (6). Leaks usually become apparent between 5
and 7 days postoperatively. Almost half of all leaks
occurs after the patient has been discharged, and up
to 12% occurs after postoperative day (POD) 30
(4). Late leaks often present insidiously with lowgrade fever, prolonged ileus, and nonspecific symptoms attributable to other postoperative infectious
complications. Small, contained leaks present later
in the clinical course and may be difficult to distinguish from postoperative abscesses by radiologic imaging, making the diagnosis uncertain and underreported.
There is no uniform definition of an anastomotic
dehiscence and leak (5). In a review of 97 studies, as
an example, 56 different definitions of AL were used
(7). The majority of reports defines it using clinical
signs, radiographic findings, and intraoperative
findings (8, 9). Clinical signs include: pain, fever,
tachycardia, peritonitis, purulent or feculent
drainage. Radiographic signs include: fluid collections, gas containing collections. Intraoperative
findings include: gross enteric spillage, anastomotic
disruption.

Risk factors for dehiscence and leak are classified
according to the site of the anastomosis (extraperitoneal or intraperitoneal), with a significantly increased risk of anastomotic leak in extraperitoneal
versus intraperitoneal anastomoses (6.6 versus 1.5%;
2.4% overall) (10).
Major risk factors for extraperitoneal AL include:
distance of the anastomosis from the anal verge
(anastomoses within 5 cm from anal verge are at the
highest risk for AL), anastomotic ischemia, male
gender and obesity.
Major risk factors for an intraperitoneal AL include: American Society of Anesthesiologists (ASA)
score III to V, emergent surgery, prolonged operative time, hand-sewn ileocolic anastomosis.
Controversial, inconclusive, or pertinent negative associations between the following variables and
AL have been reported: neoadjuvant radiation therapy, drains, protective stoma, hand-sewn colorectal
anastomosis, laparoscopic procedure, mechanical
bowel preparation, nutritional status, perioperative
corticosteroids.
Early diagnosis is crucial to treat patients limiting the related mortality. Several clinical items were
suggested in order to detect AL as soon as possible:
fever, pain, tachycardia, peritoneal purulent or
faecal drain, and dynamic ileus (1-5). Moreover,
several laboratory markers were proposed, such as
leukocytosis, serum procalcitonin (PCT) and C-Reactive Protein (CRP) (11-13). Finally, in 2009 den
Dulk et al. (14) proposed a leakage score (DUtch
LeaKage, DULK), that considers several items
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Endpoints
1. Anastomotic leakage rate
2. Morbidity and mortality rates
3. Readmission and reoperation rates
4. Length of postoperative hospital stay.

Recorded data and follow-up
Potential patient-specific and intraoperative risk
factors will be recorded: gender, body mass index,
nutritional status according to the Mini Nutritional
Assessment short-form (17, 18), surgical indication
(cancer, polyps, chronic inflammatory bowel disease, diverticular disease), preoperative albuminemia, use of steroids, renal failure and dialysis, preoperative leukocyte count, CRP, PCT cardiovascular or respiratory disease, American Society of Anesthesia score, bowel preparation (decision made by
operating surgeon), laparoscopy or laparotomy, level of anastomosis and technique (mechanical or
hand-sewn, intra- or extra-corporeal), operative
time, presence of drainage, and perioperative blood
transfusions). During the postoperative period, patients will be examined by the attending surgeon
daily. Fever (central temperature > 38°C), pulse, abdominal signs, bowel movements, volume and aspect of drainage (if present) will be recorded daily.
Leucocyte count, CRP, PCT and Dulk score will be
measured in the evening before the operation (in
addition to albuminemia) and on postoperative
days 2, 3, and 6 (optional). The attending surgeon
will make any decision for complementary exams
and imaging according to his own criteria. The rate
of any complication will be calculated and graded
according to Clavien-Dindo (15, 16) including all
leaks (independently of clinical significance),
wound infection (according to the definitions of the
Centers for Disease Control and Prevention and
wound culture) (19), pneumonia (clinical symptoms, and physical and radiological examinations),
central line infection (positive blood culture), urinary tract infection (positive urine culture with bac-
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Prospective enrollment from September 2017 to
September 2018 in 19 Italian surgical centers. All
patients undergoing elective colorectal surgery with
anastomosis to be included in a prospective database
after written informed consent. A total of more than
1,150 patients is expected based on a mean of 55
cases/year per center (Retrospectively registered at
ClinicalTrials.gov Identifier: NCT03560180, on
June 18, 2018).

diovascular disease, renal failure, inflammatory
bowel disease, ASA class I-II vs III)
b) Operative parameters (approach, procedure,
anastomotic technique, length of operation, pTNM stage)
c) Leukocyte count, serum CRP, serum PCT and
DULK score assessment in 2nd and 3rd postoperative day. Minor and major complications according to Clavien-Dindo classification (15, 16).
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(fever, heart rate, respiratory rate, urinary production, mental status, clinical conditions, signs of
ileus, gastric retention, fascial dehiscence, abdominal pain, wound pain, leukocytosis, CRP, increase of
urea or creatinine and nutrition status), to give a
score, based on which a subsequent diagnostic and
therapeutic strategy is chosen.
Therefore, we planned this study to prospectively
evaluate AL rates after colorectal resections, trying
to give a definite answer to the need for clear risk
factors, and testing the diagnostic yeld of DULK
score and laboratory markers.
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Inclusion criteria
1. Patients submitted to laparoscopic/robotic/
open/converted ileo-colo-rectal resection with
anastomosis (both intra- and extra-corporeal),
including planned Hartmann’s reversals
2. American Society of Anesthesiologists’ (ASA)
class I, II or III
3. Elective surgery
4. Patients’ written acceptance to be included in the
study.
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Exclusion criteria
1. American Society of Anesthesiologists’ (ASA)
class IV-V
2. Patients with stoma before or at operation
3. Simple stoma closure
4. Transanal procedure
5. Pregnancy
6. Ongoing infection prior to surgery
7. Hyperthermic intraperitoneal chemotherapy for
carcinomatosis.
Outcome measures
a) Preoperative risk factors for AL (age, gender,
obesity, nutritional status (9, 10), diabetes, car22
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Sample size
Considering that the ASA grade (I and II vs III)
is mostly significant among risk factors for AL (3, 5,
8), an estimation of the OR for AL and ASA grade
is equal to 5.6 (20); assuming a confidence interval
for the estimation of the OR at 95% and a maximum error equal to 0.04, the required sample size is
n=1,062 (about 885 and 177 cases expected in ASA
I-II and ASA III, respectively).

Discussion

Anastomotic leak (AL) is one of the most feared
complications by colorectal surgeons and the consequences of a late diagnosis can be life threatening
(4). The first clinical evidence of anastomotic leaks
usually shows between POD 5 and 7, or later when
patients have already been discharged (4), especially
considering the progressive increase of Enhanced
Recovery After Surgery (ERAS) programs with discharge within POD 4-5.
The lack of a uniform deﬁnition of AL represents
the ﬁrst crucial bias in comparing studies. In a review,
Bruce et al. (7) analyzed 49 lower GI studies and
found out that only 29 papers gave a deﬁnition of AL
and among these, deﬁnitions were diﬀerent. Some
considered as ALs only the ones requiring a reoperation; others considered any radiological evidence even
if there was no clinical, laboratory or clinical practice
modiﬁcation. AL is usually described with clinical, radiological and intraoperative ﬁndings.
Our deﬁnition of AL includes all symptomatic
leaks. Routine radiological search for leaks was not requested for two reasons: occult leaks do not need a
therapeutic adjustment and contrast enemas can facilitate the transformation of an occult leak into a clinically relevant one. Moreover the exclusion of primary
stoma patients should give us an actual rate of AL.
Early diagnosis of AL is the main endpoint of
this study. In order to do this, we considered a series
of risk factors associated with AL in previous studies.
ASA score and age are constant risk factors in evaluating surgical outcomes as they are directly related to
comorbidities (20) such as diabetes, cirrhosis, and
chronic renal failure. ASA IV-V patients were excluded because they have a high mortality and morbidity risk regardless of surgery. Obesity (BMI>30)
and a poor nutritional status with low albumin and
protein blood levels are associated with a higher risk
of complications in colorectal surgery (21, 22). To
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terial count). All patients will be followed-up in the
outpatient clinic up to 6 weeks after discharge from
the hospital.
Main endpoint is AL (intended as any deviation
from the planned postoperative course related to
the anastomosis, or presence of pus or enteric contents within the drains, presence of abdominal or
pelvic collection in the area of the anastomosis on
postoperative CT scan, performed at the discretion
of the attending surgeon, leakage of contrast
through the anastomosis during enema or evident
anastomotic dehiscence at reoperation for postoperative peritonitis). Thus, all detected leaks will be
considered independently of clinical significance.
No imaging will be performed routinely in order to
search for leakage.
Secondary endpoints are morbidity and mortality rates, readmission and reoperation rates, and
postoperative length of stay. All data will be
prospectively recorded into Case Report Forms and
transmitted to the coordinating center on a monthly basis. Thereafter, all data will be incorporated into a spreadsheet (MS Excel), checking for any discrepancy, that will be addressed and solved through
strict cooperation between the promoter, the data
manager and the chief investigator of any participating center.
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Statistical analysis
All quantitative values will be expressed as mean
± standard deviation, median and range; categorical
data with percentage frequencies. Mean values of
secondary endpoints will be compared according to
the presence or absence of AL using Student’s twosided t test (allowing for heterogeneity of variances)
or with a non-parametric Mann-Whitney test. Mean
values of DULK score, CRP and PCT levels will also
be compared using Student’s two-sided t test (allowing for heterogeneity of variances) or with a nonparametric Mann-Whitney test. Both univariate
analysis and multivariate analysis will be performed
to assess risk factors for leakage and overall complications. The odds ratio (OR) will be presented followed by its 95% confidence interval (95% CI). Areas under the receiver-operating characteristics
(ROC) curve will be calculated. For all statistical
tests the significant level is fixed at p < .05. Multivariate analysis will be performed using logistic
models. Statistical analyses will be carried out using
STATA software (Stata Corp. College Station,
Texas, USA).
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Considering the trend in shorter hospital stay showed
after implementation of ERAS programs (27), and
that clinical manifestations of AL usually appear after
POD 5, we decided to collect PCT and CRP values
on POD 2 and 3, leaving another determination on
POD 6 as an option.
The combination of the Dulk score with serum
markers may improve early AL diagnosis. Recruitment was closed on September 30, 2018, as initially
planned, with 1,546 cases enrolled.

Ethics and dissemination

The institutional review board of the coordinating center (Comitato Etico Regionale delle Marche
- C.E.R.M.) reviewed and approved this study protocol on September 7, 2017 (no. 2017-0244-AS).
All the participating centers submitted the protocol
and obtained authorization from the local institutional review boards. All the participating investigators discussed and approved this investigation protocol during the first investigator’s meeting held in
September 2017.
The results of the study are intended to be presented at national and international medical congresses on corresponding fields of interest (colorectal
surgery, abdominal surgery). Written publications
of the results are planned within surgical journals.
The authorship for written publications was confirmed to all participating investigators, only being
granted in the case of substantive contributions to
the design, conduct, data analysis, collection and interpretation. After completion of the full study report, anonymized participant-level datasets will be
available by contacting the principal investigator.
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evaluate nutritional status, we used the mini nutritional assessment short formula (MNA-SF) (17), a
simple, reliable and widely accepted tool (18) that
can be used to decide the need for nutritional support prior to surgery in order to decrease the risk of
complications.
When analyzing the results we expect a conﬁrmation of the higher risk of AL according to these parameters, including disease type, TNM classiﬁcation, site
of resection, type and site of anastomosis. These results
will help deﬁne a population of patients with a higher
risk of AL but will not allow an early diagnosis.
The DULK score has been suggested for earlier
diagnosis of AL. This clinical tool assigns a score
that guides the surgeon in decision making (14). It
is based on 13 items assessing general clinical conditions, abdominal signs and symptoms, laboratory
findings and diet that are assigned each with a value.
Total scores > 3 suggests close clinical and imaging
evaluation. In the original study the score allowed
earlier diagnosis of AL, reducing the delay from 4
days in the control group to 1,5 days, resulting in
earlier treatment and lower mortality and morbidity
rates related to AL. These results have been confirmed in different studies and some Authors described a higher sensibility and specificity of the
score when compared to laboratory findings alone
(23). Nevertheless, we must consider the simplicity
and reproducibility of this scoring system.
In the last years CRP and PCT serum values have
been increasingly used as early markers of septic surgical complications. Ortega-Deballon et al. (12) and
Oberhofer et al. (13) showed in two observational
studies how high post-operative PCT and CRP blood
levels were associated with major complications and
suggested that patients with high post-operative values should undergo imaging studies to search for surgical complications. In another study, Giaccaglia et
al. (11) showed that low levels of these two biomarkers on POD 3 and 5 were associated with a low risk
of developing AL. In a subsequent multicenter investigation, the PREDICS study (24), they strongly suggested to include both CRP and PCT serum levels on
POD 3 and 5 in the decision making for patient discharge after colorectal surgery. Although it seemed
that adding PCT serum values to PCR could improve
the overall accuracy of laboratory markers in early diagnosis of AL (25), a recent meta-analysis (26) failed
to conﬁrm this ﬁnding, stressing the issue of cost-raising due to the fact that the cost of any serum PCT determination is ten to twenty-fold compared to CRP.
24
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