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Abstract
BACKGROUND
Despite the emerging knowledge about colorectal anastomotic leakage (CAL)
through the increasing number of clinical and experimental studies, there is no
generally accepted definition of CAL. Because of the wide variety of definitions
used in literature, comparison of study outcomes and quality of care is
complicated.

AIM
To reach consensus on the definition of CAL using a modified Delphi method.

METHODS
The RAND/UCLA appropriateness method was used. The expert panel
consisted of international colorectal surgeons and researchers who had published
three or more articles about CAL. The consensus process consisted of two online
distributed questionnaires and a third round with a recommendation. In the
questionnaires participants were asked to rate the appropriateness of statements
using a 1-9 Likert scale. Consensus was defined as a panel median between 1-3 or
7-9 without disagreement. In the final round a recommendation was formed
regarding the definition of CAL and the expert panel was asked if they agreed or
disagreed.

RESULTS
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Twenty-three authors participated in the first round and twenty-one finished the
second round. After two rounds consensus was reached on 37 items (80%) in nine
different categories. The International Study Group of Rectal Cancer definition is
the most frequently advised general definition by our panel. Consensus was
reached regarding the clinical symptoms of CAL, which serum markers
contributes to the suspicion of CAL, which radiological and perioperative
findings should be considered as CAL, which grading system is appropriate and
if there should be a range of postoperative days in the definition. Eventually, 19
experts completed all three rounds of which 16 (84%) agreed with our final
recommendations for the definition of CAL.

CONCLUSION
A consensus-based recommendation for the definition of CAL was formed using
our modified Delphi method that can be widely incorporated in the field.

Key words: Anastomotic leak; Consensus; Colorectal surgery; Postoperative complication;
Morbidity; Colorectal anastomosis; Definition
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Core tip: Colorectal anastomotic leakage (CAL) remains one of the most feared
complications after colorectal surgery. Despite the increasing number of studies on CAL,
there is still no widely accepted definition of CAL. In this study an international expert
panel achieved consensus on the definition of CAL using a modified Delphi method. The
consensus based definition will increase the comparability of research outcomes and
quality of care.
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INTRODUCTION
Colorectal resection with the creation of an anastomosis is performed as part of the
treatment for various colorectal diseases, such as cancer, inflammatory bowel diseases
and diverticulitis.  Colorectal anastomotic leakage (CAL) remains one of the most
feared complications after colorectal surgery with a reported incidence between 1.5%
and 23%[1,2]. Despite the emerging knowledge about CAL and the improvement of
surgical techniques, the incidence has remained stable over the last decades. If CAL
occurs,  morbidity  and mortality  rates  increase  and health-related quality  of  life
decreases[3-5]. CAL also results in a reduced long term overall-survival, increased risk
of cancer recurrence and higher healthcare costs[6-8].

Although CAL regularly occurs as a complication of colorectal surgery and CAL is
a commonly used outcome measure in clinical and experimental research, there is a
lack of a generally accepted definition. Multiple definitions have been proposed in the
past  years.  The United Kingdom Surgical  Infection Study Group introduced the
definition “A leak of  luminal  contents  from a  surgical  join  between two hollow
viscera”[9].  The International Study Group of Rectal Cancer (ISREC) proposed the
definition “A defect  of  the intestinal  wall  integrity at  the colorectal  or  colo-anal
anastomotic site leading to a communication between the intra- and extraluminal
compartments” combined with a grading system[10]. Nevertheless, none of these are
widely accepted[11,12]. Van Rooijen et al[13] performed a consensus based survey between
Dutch and Chinese surgeons that conclude there is no uniform definition of CAL[13].
Our research group recently performed a systematic review on the definition of CAL,
to  gain  insight  in  the  different  definitions  and  to  show  the  effect  of  different
definitions on the incidence rates of CAL. Therefore, 2938 abstracts and 1382 full-text
articles were reviewed. Eventually, only 347 articles contained a definition of CAL,
which was striking given that CAL was one of the outcome measures in these studies.
The definitions used in the papers varied strongly in composition and consisted of
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clinical  parameters,  radiological  findings,  treatment  consequences  and  grading
systems.  Almost  66%  of  the  articles  used  clinical  signs  and  symptoms  in  their
definition or method of diagnosis, varying from fever and abdominal pain to purulent
discharge from wound or drain. Grading systems for CAL were used in 19% of the
formulated definitions. The most common was the ISREC severity grading system of
CAL (Supplementary material 1), followed by the Clavien-Dindo (CD) classification
(Supplementary material 2)[10,14]. It also became clear that the reported incidence of
CAL is dependent on the used definition[15].

In conclusion, there is a great variety in the definitions of CAL, which hampers
further  investigation  and  intervention  studies.  Because  of  the  lack  of  a  general
definition of CAL it is difficult to compare study outcomes and quality of hospital
care.  Therefore,  there is an urgent need of a widely accepted definition that will
increase both the understanding between clinicians and researchers and also the
comparability  of  clinical  trials.  The  aim of  this  Delphi  study is  to  minimize  the
variation in the definitions of CAL by reaching consensus on a definition of CAL, with
a subaim to gain insight in the various components,  such as clinical  parameters,
laboratory  tests,  radiological  findings  and findings  during  reoperation  that  the
definition of CAL should contain. The Delphi technique is a widely used and accepted
consensus method based on the opinions of experts, which will allow us to formulate
a recommendation for a general definition that is eventually supported by a panel of
international experts.

MATERIALS AND METHODS

Consensus method
The preliminary results of the systematic review on the definition of CAL performed
by our research group served as the base of the survey[15]. For the current study we
used the RAND/UCLA appropriateness method (RAM)[16]. The process consisted of
two survey rounds followed by a third round in which the participants received our
recommendation. This modified Delphi took place from January 30 through June 3,
2019. We used the recommendations of Sinha et al[17] for the reporting of the results. A
summary of the consensus process is shown in Figure 1.

Expert panel
An international expert panel of colorectal surgeons and researchers was formed. We
invited authors who had published three or more articles about CAL in the past years.
In addition, we tried to create an equal distribution in terms of discipline (clinicians
and researchers) and countries where the authors were employed. The authors were
selected from the articles used in our review, which included articles between January
1990  and January  2016.  To  include  the  authors  from papers  published between
January 2016 and January 2019, we performed an additional literature search. The
search was conducted using Pubmed with the following terms: colorectal anastomotic
leakage, anastomotic leak, anastomosis and colorectal, both normal search terms and
MeSH-terms. The participants did not know the identity of the other participants, to
prevent influencing each other. We sent a participation letter by e-mail with a briefly
explanation  of  the  aim of  the  study  and  included  two  appendices  with  a  more
extended description of the consensus process and an overview of the literature. The
e-mail also contained the link to the first questionnaire. Because of a low response
rate,  we  invited  a  second  group,  who  were  selected  in  the  same  way  as  the
participants in the first group.

Round 1
The  questionnaires  were  developed  and  distributed  using  SurveyMonkey
(SurveyMonkey Inc, Palo Alto, CA, United States; www.survey-monkey.com, for the
used questions see Supplementary material 3). The questions were divided in nine
categories:  General  definition,  clinical  parameters,  laboratory  tests,  radiological
findings, findings during relaparoscopy or relaparotomy, grading systems, timing
and distinction between colon and rectum. The first questionnaire consisted of 11
rating questions, one multiple-choice question and one open-ended question. The
participants were requested to rate the appropriateness of each statement made in the
rating questions by the use of a 1 to 9 Likert scale. Where 1 equals “inappropriate”
and  9  equals  “appropriate”,  in  two  questions  the  terms  “inappropriate”  and
“appropriate” were replaced by the terms “completely disagree” and “completely
agree”, respectively. In one of the rating questions we asked the participants to select
9 items from a list of 12 items and to put those 9 items in a 1-9 rank, where 1 equals
most contributing and 9 least contributing. Each question was followed by a text field,
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Figure 1

Figure 1  Flow diagram of the consensus process.

where  remarks  could  be  made  by  the  participants  and  they  also  could  provide
arguments for their answers. The first survey had an additional category to collect the
participant characteristics.

Round 2
All participants who completed the first round received the results of the survey by
means  of  the  average  group response  and  their  individual  score  by  e-mail;  the
participants did not receive any specific answers of other respondents. The e-mail also
contained  the  link  to  the  second  questionnaire,  which  was  also  developed  and
distributed using SurveyMonkey. The second survey consisted of the same statements
as in the first survey, regardless of whether consensus was reached or not. However,
some statements were adapted or some items were added, based on comments and
suggestions of the expert panel. The rating of the statements in de second round was
in the same way as in the first round. The second survey provided the participants the
possibility to reconsider their answers and to criticize the average group response (See
Supplementary material 4 for the used questions).

Round 3
As a third and final  round all  statements were analyzed and a recommendation
regarding the definition of CAL was presented (See Supplementary material 5). The
recommendation along with an overview of all reviewed statements were send by e-
mail to all the participants who completed the second round. The participants were
asked to reply whether they agreed or disagreed with our recommendation.

Statistical analysis
Consensus was reached if statements were rated “appropriate” (panel median 7-9) or
“inappropriate”  (panel  median  1-3)  without  disagreement.  Disagreement  was
measured  by  the  interpercentile  range  adjusted  for  symmetry  (IPRAS).  This  is
according to the method used by Moossdorff et al[18]. MS Excel 2016 (Microsoft Corp,
Redmond WA, United States) and IBM SPSS (SPSS 24.0, IBM, Chicago, IL, United
States) were used to conduct the analyses. The statistical methods for this study were
reviewed by Prof. Dr. Jos W.R. Twisk from the Amsterdam UMC.
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RESULTS

Expert panel
Fifty-eight surgeons and researchers were invited by e-mail to participate in this
Delphi  study.  Twenty-three  responded  positively  and  completed  the  first
questionnaire (40% response rate), 31 did not respond and four could not participate
due to a lack of time or that they were not clinically active anymore. The second
survey was completed by 21 participants (91% response rate). Eventually, 19 panel
members (17 surgeons, one surgeon who is also a researcher and one researcher)
finished the third round (90% response rate). From the participants who finished all
three rounds, 14 were currently employed in a hospital in Europe, four in North-
America and one in Asia. For the list of panel members and the characteristics of the
expert panel who completed this Delphi study see Table 1 and Figure 2 respectively.

Questionnaire round one
The first questionnaire consisted of 31 ranking items. Twenty-three items were rated
appropriate without disagreement (74%). Five items (16%) were rated uncertain, four
without disagreement and one with disagreement. And finally, three items were rated
inappropriate without disagreement. After round 1, consensus existed on 26 out of 31
items (84%) and uncertainty and/or disagreement on five items. The multiple choice
question was about which existing general definition was most suitable according to
the participants:  11  (48%) indicated the ISREC definition,  the other  12 indicated
multiple definitions. The open ended question asked the panel to give a range of
postoperative days (POD) in which CAL can occur to define it as CAL, the range
varied between 1 d up to 365 d. The most frequently suggested range was the range
up to 30 d (31%).

Questionnaire round two
The second questionnaire  was an adjusted version of  the  first  survey.  Based on
remarks from the participants three questions were rephrased, which resulted in 15
additional items. The category clinical parameters consisted of one ranking question
in a different format than the other ranking questions, so we converted the question to
the same format (1-9 Likert scale). The new formulated question contained 12 items.
There was one item added to the category laboratory tests and we divided two items
into four items in the category grading systems, so eventually the survey consisted of
46 ranking items. Thirty-three items were rated appropriate without disagreement,
nine items were rated uncertain without disagreement and four items were rated
inappropriate without disagreement. In conclusion, after two rounds consensus was
reached on 37 out of 46 items (80%). There were no changes in the items that already
reached consensus in round one. In the multiple choice question we excluded the
option to choose multiple general definitions, which led to 15 participants indicating
the ISREC as most suitable (71%). Table 2 for the summary of the items on which
consensus was reached.

Final round
The final round consisted of 11 recommendations, based on the outcomes of the two
questionnaires (Table 3). Sixteen participants fully agreed with our recommendations
(84%). The other three participants partly agreed with our recommendations.

Items lacking consensus
After the first two rounds only nine items (19%) lacked consensus. Five items in the
category clinical parameters,  namely tachypnea, (sub-) febrile temperature, post-
operative ileus, oliguria and agitation. The panel members rated the laboratory tests
leukocytosis, procalcitonin (PCT) and neutrophil to lymphocyte ratio uncertain. The
last item that did not achieve consensus was the radiological finding of an abscess not
near the anastomosis.

DISCUSSION
Despite the relevance of CAL in daily clinical practice and in research, there is still no
uniform definition of CAL. We performed a Delphi analysis using the RAM and
reached consensus  on  the  definition  of  CAL in  80% of  the  statements  after  two
rounds. The ISREC-definition for CAL is most frequently advised to use in both daily
clinical practice and research. According to the experts, purulent discharge from the
drain,  a  rectovaginal  fistula  and  a  defect  found  by  digital  rectal  examination
contributes the most to the suspicion of CAL. Furthermore, the serum markers CRP
and CRP in combination with leukocytosis are valuable in the diagnostic process of
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Table 1  List of panel members

Name Institute

Dietmar Öfner Medical University of Innsbruck, Austria

Robin McLeod University of Toronto, Canada

Zhou-Qiao Wu Peking University Cancer Hospital, China

Ismail Gögenur Zealand University Hospital, Centre for surgical Science, Denmark

Lars Nannestad Jørgensen Digestive Disease Center, Bispebjerg Hospital, University of Copenhagen, Denmark

Yves Panis Beaujon Hospital, Paris, France

Pablo Ortega-Deballon University Hospital of Dijon, France

Markus Büchler University of Heidelberg, Germany

Gianluca Pellino Università degli Studi della Campania ''Luigi Vanvitelli'', Italy

Harry van Goor Radboud University Medical Center, The Netherlands

Adam Dziki Medical University of Lodz, Poland

Eduardo García-Granero Hospital La Fe, University of Valencia, Spain

Martin Rutegård Umea University, Sweden

Ignazio Tarantino Kantonsspital St. Gallen, Switzerland

Steven D Wexner Cleveland Clinic Florida, Weston, FL, United States

Michael Stamos University of California, Irvine, CA, United States

John Alverdy University of Chicago Medical Center, Chicago, IL, United States

James Kinross Imperial college London, United Kingdom

Dermot Burke Leeds Teaching Hospitals NHS Trust, United Kingdom

CAL.  PCT,  albumin  and  urea  are  not  deemed  useful.  Radiological  criteria  for
computed  tomography  scan  (CT-scan)  based  diagnosis  of  CAL  should  be
extravasation of endoluminal contrast, an abscess around or near the anastomosis, air
around the anastomosis and free intra-abdominal air. There was divided opinion with
regard to the abscess found not near the anastomosis on CT-scan. The findings that
need to be considered as CAL during re-operation are necrosis of the anastomosis,
necrosis of the blind loop, dehiscence of the anastomosis and signs of peritonitis.
Moreover,  the definition should contain a grading system, and, according to the
panel, both the ISREC-classification and the CD-classification are appropriate. The
expert panel agreed that there should not be a fixed range of POD in which CAL can
occur to define it as CAL. Furthermore, there should be a distinction in the definition
between early anastomotic leakage (EAL) and late anastomotic leakage (LAL). Finally,
colonic anastomotic leakage and rectal anastomotic leakage should be seen as separate
problems.

The heterogeneous clinical presentation of CAL remains a challenge for clinicians
in the diagnostic process, therefore there is a need for more specific tests.  Serum
markers are an important tool in the follow-up after colorectal surgery. Potential
contributing laboratory tests  found in literature included CRP,  leukocytes,  PCT,
neutrophil to lymphocyte ratio, albumin, urea and creatinine[12,19-22]. In the first round
of  this  Delphi  analysis  only  CRP  was  rated  as  an  appropriate  laboratory  test,
leukocytosis was rated uncertain. In the second survey, the item “combination of CRP
and leukocytosis”  was  added,  which was  rated appropriate.  One of  the  experts
indicated that the trend between the two laboratory tests would be considered more
reliable than the absolute values. Smith et al[23] investigated postoperative trajectory
testing of the serum biomarkers CRP, PCT, white cell  count (WCC) and gamma-
glutamyl transferase. CRP, PCT and WCC are potential markers with the highest
accuracy for CRP with an area under the receiver operator characteristic curve of
0.961 [binomial 95% confidence Interval (CI): 0.921-0.982]. The combination of CRP
and WCC had an area under the receiver operator characteristic of 0.958[23].  Urea,
creatinine and albumin were unanimously rated inappropriate, therefore we suggest
that these tests are not to be considered relevant for the diagnosis of CAL any longer.
PCT and neutrophil to lymphocyte ratio remained uncertain. Even though, CRP and a
combination of CRP and leukocytosis were rated appropriate, these laboratory tests
are not specific for CAL. More research is needed to investigate more specific serum
markers for CAL and the use of trajectory testing.

In addition to the clinical situation of the patient and biochemical tests, radiological
examination plays an important role in the diagnostic process of CAL. The CT-scan is
the  preferred modality[24-26].  Our  panel  considered extravasation of  endoluminal
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Figure 2

Figure 2  Panel members characteristics. A: Specialty; B: Continent employed; C: Country employed.

administrated contrast,  a  collection around the anastomosis,  an abscess near the
anastomosis,  perianastomotic  air  and  free  intra-abdominal  air  all  appropriate
radiological findings for CAL. The only remark was that defining free air on a CT-
scan as CAL depends on the POD and whether the operation was performed open or
laparoscopically. The abscess not near the anastomosis is still a topic of debate; earlier
studies  have  also  described  the  indistinctness  of  pelvic  abscesses[12,27,28].  The
abovementioned radiological findings should be described in every radiology report
where the question was whether there is CAL or not. Creating this kind of standard
radiological reports is important for daily clinical practice as well as for research
purposes. Likewise the signs of anastomotic leakage found during relaparotomy or
relaparoscopy,  such  as  necrosis  of  the  anastomosis,  necrosis  of  the  blind  loop,
dehiscence of the anastomosis and any signs of peritonitis should be described in the
operation report.

Using a grading system for CAL is considered important to improve comparing
outcomes of hospital care and clinical studies. According to our panel members both
the  ISREC-classification  and the  CD-classification  are  appropriate  systems.  The
ISREC-classification is known as a valid system facilitating the comparison of clinical
results,  which is  clear  and easy to  use[29].  However,  the  ISREC-classification has
several limitations. It  is especially developed for low anterior resections in rectal
cancer,  where colorectal or colo-anal anastomoses are constructed, and therefore
should not be used for colon-colon anastomoses. Another limitation of the ISREC-
classification is that it is only useful in clinical practice but not in research and it
cannot be compared with other complications[10]. In contrast, the CD-classification can
compare the impact of different complications and is therefore also useful in research.
However, that means that the CD-classification is not specific for anastomotic leaks
and thus does not take into account the severity or sequelae of the intervention to
correct the leak. Furthermore, the CD-classification does not determine if there is a
presence  or  absence  of  a  leak.  According  to  our  panel  a  weakness  of  the  CD-
classification is that it is a combination of therapeutic actions and outcomes and that
the  outcomes  not  necessarily  correspond  with  the  leak,  but  may  be  due  to
comorbidities. Concluding, the CD-classification is widely accepted, not specific for
CAL and more useful in research.  On the other hand, the ISREC classification is
specific for anastomotic leaks in patients after low anterior resections and is more
useful  in clinical  daily practice.  Since both grading systems are suitable,  but  for
different purposes, they should be used together when grading CAL.

Consensus was reached regarding whether there should be a fixed range of POD in
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Table 2  Summary of the consensus on the definition of colorectal anastomotic leakage after two rounds

Category Consensus

Clinical parameters Tachycardia, clinical deterioration, abdominal pain, discharge from
abdominal drain, discharge from rectum, rectovaginal fistula and
anastomotic defect found by digital examination contribute to the suspicion
of CAL

Laboratory tests CRP and the combination of CRP and leukocytosis contribute to the
suspicion of CAL; Albumin, urea and creatinine do not contribute to the
suspicion of CAL

Radiological findings Extravasation of endoluminal administrated contrast, collection around the
anastomosis, presacral abscess near anastomosis, perianastomotic air and
free intra-abdominal air are defined as CAL on CT-scan

Findings during reoperation Necrosis of anastomosis, necrosis of blind loop, signs of peritonitis and
dehiscence of anastomosis are defined as CAL during reoperation

Grading systems Grading or classifying CAL is important; Both the ISREC-classification and
Clavien-Dindo classification are suitable

Timing Distinction between early and late anastomosis should be made; There
should not be a fixed range of days in which CAL can occur to define it as
CAL

Colon/rectum Colon and rectum should be seen as separate entities

CAL: Colorectal anastomotic leakage; CRP: C-reactive protein; CD: Clavien-Dindo; CT: Computed tomography.

which the leak can occur to define it as CAL. According to our panel members there
should not be a range of days. Remarkably, the majority of the panel members (62%)
gave a range of days in the open-ended question. However, the ranges varied widely
from one day post-operatively to 365 d post-operatively.  This is  in line with the
distinction  between  EAL  and  LAL.  Recent  papers  showed  that  there  are  some
differences between these two groups[30,31]. EAL appears to have different risk factors
than  LAL,  namely  younger  age,  increased  Body  Mass  Index,  laparoscopically
performed anastomosis, emergency operation and no diverting ileostomy, that are
more related to surgery difficulty. Independent risk factors for LAL include high
Charlson Comorbidity  Index,  high American Society  of  Anesthesiologists  score,
preoperative complications and preoperative radiotherapy, which are more patient-
related factors[32]. This raises the question of whether there are two different types of
AL. However, multiple definitions of EAL and LAL are used in literature. Used cutoff
points for  LAL also vary widely between > 6 POD, > 90 POD and after  hospital
discharge[30,32-37].  Our  panel  members  agreed  that  a  distinction  should  be  made
between EAL and LAL based on clinical experience, but more research is needed to
really prove this difference and to define the optimal cutoff point.

Furthermore, the experts agreed upon the statement that colonic anastomoses and
rectal anastomoses should be seen as different entities. In the preliminary results of
our review a comparison was made between incidence rates of colonic anastomotic
leakage and rectal anastomotic leakage. It showed a significantly higher risk of rectal
anastomotic leakage [Odds ratio: 0.71 (95%CI: 0.693–0.736), P value ≤ 0.001][15]. The
reason for  this  higher risk could possibly be the difference in anatomy, but  also
different surgical techniques that are used to construct the anastomosis and a different
microbiome[38].

This study has several limitations. An inherent limitation of any consensus method
is the number of panel members. According to the RAM, the panel should consist of a
minimum of seven members[16]. Our panel of 19 members amply meet the advised
panel size of seven. Most of the panel members were employed in Europe and North-
America, only one was employed in Asia. From the 56 surgeons and/or researchers
who were invited, 14 were based in Asia and only three of them have responded to
our invitation. All our communication (invitation letter, appendix, questionnaire) was
in English. The low participation rate among the Asian experts could possibly be due
to a lack of ability to understand the English language. This low participation rate is
in contrast to the high response rate on a consensus survey among Dutch an Chinese
surgeons, where the questionnaire, originally in Dutch, was translated to Chinese[13].
Our suggestion for  future research should be to translate  the questionnaire  into
different languages, if the goal is to achieve an even global distribution within the
expert panel. Notwithstanding the uneven distribution across the world, we achieved
to  create  an  international  panel  of  experts  who  were  all  employed  at  different
institutes.  The  last  limitation  was  that  our  panel  consisted  mainly  of  colorectal
surgeons (96%), so the group was very homogeneous. This could cause information
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Table 3  Recommendations final round

Category Recommendation

General definition The ISREC definition of CAL is used by the majority of the participants
(71%)

Clinical parameters Tachycardia, clinical deterioration, abdominal pain other than wound pain,
discharge from the abdominal drain, discharge from the rectum,
rectovaginal fistula and anastomotic defect found by digital examination are
clinical symptoms that contribute to the suspicion of CAL

Laboratory tests CRP and the combination of CRP and leukocytosis are appropriate
laboratory tests and should be tested if there is a suspicion of CAL. Albumin,
urea and creatinine do not contribute to the suspicion of CAL and therefore
should not be tested

Radiological findings Extravasation of endoluminal administrated contrast, collection around the
anastomosis, presacral abscess near the anastomosis, perianastomotic air and
free intra-abdominal air should be defined as CAL on CT-scan. However,
defining free intra-abdominal air as CAL depends on the amount of post-
operative days

Findings during reoperation Necrosis of the anastomosis, necrosis of the blind loop, signs of peritonitis
and dehiscence of the anastomosis should all be defined as CAL when
observed during reoperation

Grading systems It is important to grade or classify CAL. Both the ISREC-classification and
Clavien-Dindo classification are appropriate grading systems

Timing Distinction between early and late anastomotic leakage should be made.
There should not be a fixed range of days in which CAL can occur to define
it as CAL

Colon/rectum Colonic anastomotic leakage and rectal anastomotic leakage should be seen
as two separate problems, based on different incidence rates, different
anatomy, different surgical technique

CAL: Colorectal anastomotic leakage; CRP: C-reactive protein; CD: Clavien-Dindo; CT: Computed tomography.

bias. Considering that this definition will be used primarily by colorectal surgeons, we
perceive this an appropriate panel composition for this Delphi study.

In conclusion, consensus was reached regarding the definition of CAL. The panel
recommends that the ISREC definition should be used as the general definition of
colorectal anastomotic leakage. And when defining CAL, the ISREC grading system
should be complemented with the Clavien-Dindo classification.

ARTICLE HIGHLIGHTS
Research background
Despite  the emerging knowledge about  colorectal  anastomotic  leakage (CAL) through the
increasing number of clinical and experimental studies, there is no generally accepted definition
of CAL. Because of  the wide variety of  definitions used in literature,  comparison of  study
outcomes and quality of care is complicated.

Research motivation
There is a great variety in used definitions of CAL. A more widely used definition of CAL will
improve the comparability of study outcomes and quality of hospital care.

Research objectives
In this study, we aimed to reach consensus on the definition of CAL using a modified Delphi
method.

Research methods
The  RAND/UCLA  appropriateness  method  was  used.  The  expert  panel  consisted  of
international colorectal surgeons and researchers who had published three or more articles about
CAL. The consensus process consisted of two online distributed questionnaires and a third
round with a recommendation.  The participants were asked to rate the appropriateness of
statements using a 1-9 Likert scale. Consensus was defined as a panel median between 1-3 or 7-9
without disagreement. In the final round a recommendation was formed regarding the definition
of CAL and the expert panel was asked if they agreed or disagreed.

Research results
Twenty-three authors participated in the first round and twenty-one finished the second round.
After two rounds consensus was reached on 80% of the statements. The International Study
Group of Rectal Cancer definition is the most frequently advised general definition by our panel.
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Consensus  was  reached  regarding  the  clinical  symptoms  of  CAL,  which  serum  markers
contributes to the suspicion of CAL, which radiological and perioperative findings should be
considered as CAL, which grading system is appropriate and if  there should be a range of
postoperative days in the definition. Eventually, 19 experts completed all three rounds of which
84% agreed with our final recommendations for the definition of CAL.

Research conclusions
A consensus-based recommendation for the definition of CAL was formed using our modified
Delphi method that can be widely incorporated in the field.

Research perspectives
This study shows that there is an urgent need for a uniform definition of CAL. The consensus-
based recommendation for the definition of CAL is a step forward in achieving this uniform
definition. Now it needs to be incorporated in the clinic and in research to improve the quality of
research outcomes.

ACKNOWLEDGEMENTS
The authors gratefully acknowledge our panel members for their active participation
and their valuable contribution to this study.

REFERENCES
1 Bakker IS, Grossmann I, Henneman D, Havenga K, Wiggers T. Risk factors for anastomotic leakage and

leak-related mortality after colonic cancer surgery in a nationwide audit. Br J Surg 2014; 101: 424-432;
discussion 432 [PMID: 24536013 DOI: 10.1002/bjs.9395]

2 McDermott FD, Heeney A, Kelly ME, Steele RJ, Carlson GL, Winter DC. Systematic review of
preoperative, intraoperative and postoperative risk factors for colorectal anastomotic leaks. Br J Surg 2015;
102: 462-479 [PMID: 25703524 DOI: 10.1002/bjs.9697]

3 Kirchhoff P, Clavien PA, Hahnloser D. Complications in colorectal surgery: risk factors and preventive
strategies. Patient Saf Surg 2010; 4: 5 [PMID: 20338045 DOI: 10.1186/1754-9493-4-5]

4 Bertelsen CA, Andreasen AH, Jørgensen T, Harling H; Danish Colorectal Cancer Group. Anastomotic
leakage after curative anterior resection for rectal cancer: short and long-term outcome. Colorectal Dis
2010; 12: e76-e81 [PMID: 19438879 DOI: 10.1111/j.1463-1318.2009.01935.x]

5 McArdle CS, McMillan DC, Hole DJ. Impact of anastomotic leakage on long-term survival of patients
undergoing curative resection for colorectal cancer. Br J Surg 2005; 92: 1150-1154 [PMID: 16035134
DOI: 10.1002/bjs.5054]

6 Hammond J, Lim S, Wan Y, Gao X, Patkar A. The burden of gastrointestinal anastomotic leaks: an
evaluation of clinical and economic outcomes. J Gastrointest Surg 2014; 18: 1176-1185 [PMID: 24671472
DOI: 10.1007/s11605-014-2506-4]

7 Kulu Y, Tarantio I, Warschkow R, Kny S, Schneider M, Schmied BM, Büchler MW, Ulrich A.
Anastomotic leakage is associated with impaired overall and disease-free survival after curative rectal
cancer resection: a propensity score analysis. Ann Surg Oncol 2015; 22: 2059-2067 [PMID: 25348782
DOI: 10.1245/s10434-014-4187-3]

8 Ramphal W, Boeding JRE, Gobardhan PD, Rutten HJT, de Winter LJMB, Crolla RMPH, Schreinemakers
JMJ. Oncologic outcome and recurrence rate following anastomotic leakage after curative resection for
colorectal cancer. Surg Oncol 2018; 27: 730-736 [PMID: 30449500 DOI: 10.1016/j.suronc.2018.10.003]

9 Peel AL, Taylor EW. Proposed definitions for the audit of postoperative infection: a discussion paper.
Surgical Infection Study Group. Ann R Coll Surg Engl 1991; 73: 385-388 [PMID: 1759770]

10 Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich A, Holm T, Wong WD, Tiret E,
Moriya Y, Laurberg S, den Dulk M, van de Velde C, Büchler MW. Definition and grading of anastomotic
leakage following anterior resection of the rectum: a proposal by the International Study Group of Rectal
Cancer. Surgery 2010; 147: 339-351 [PMID: 20004450 DOI: 10.1016/j.surg.2009.10.012]

11 Bruce J, Krukowski ZH, Al-Khairy G, Russell EM, Park KG. Systematic review of the definition and
measurement of anastomotic leak after gastrointestinal surgery. Br J Surg 2001; 88: 1157-1168 [PMID:
11531861 DOI: 10.1046/j.0007-1323.2001.01829.x]

12 Adams K, Papagrigoriadis S. Little consensus in either definition or diagnosis of a lower gastro-intestinal
anastomotic leak amongst colorectal surgeons. Int J Colorectal Dis 2013; 28: 967-971 [PMID: 23381090
DOI: 10.1007/s00384-013-1640-x]

13 van Rooijen SJ, Jongen AC, Wu ZQ, Ji JF, Slooter GD, Roumen RM, Bouvy ND. Definition of colorectal
anastomotic leakage: A consensus survey among Dutch and Chinese colorectal surgeons. World J
Gastroenterol 2017; 23: 6172-6180 [PMID: 28970733 DOI: 10.3748/wjg.v23.i33.6172]

14 Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with
evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004; 240: 205-213 [PMID:
15273542 DOI: 10.1097/01.sla.0000133083.54934.ae]

15 Jongen ACHM. Novel insights in the pathophysiology of colorectal anastomotic leakage. Maastricht
University 2019.  Available from: URL: https://doi.org/10.26481/dis.20190926aj

16 Fitch K, Bernstein SJ, Aguilar MD, Burnand B, LaCalle JR, Lázaro P, van het Loo M, McDonnell J,
Vader JP, Kahan JP.   The RAND/UCLA Appropriateness Method User' s Manual. 2001

17 Sinha IP, Smyth RL, Williamson PR. Using the Delphi technique to determine which outcomes to
measure in clinical trials: recommendations for the future based on a systematic review of existing studies.
PLoS Med 2011; 8: e1000393 [PMID: 21283604 DOI: 10.1371/journal.pmed.1000393]

18 Moossdorff M, van Roozendaal LM, Strobbe LJ, Aebi S, Cameron DA, Dixon JM, Giuliano AE, Haffty
BG, Hickey BE, Hudis CA, Klimberg VS, Koczwara B, Kühn T, Lippman ME, Lucci A, Piccart M, Smith
BD, Tjan-Heijnen VC, van de Velde CJ, Van Zee KJ, Vermorken JB, Viale G, Voogd AC, Wapnir IL,

WJG https://www.wjgnet.com June 21, 2020 Volume 26 Issue 23

van Helsdingen CPM et al. Consensus on the definition of CAL

3302



White JR, Smidt ML. Maastricht Delphi consensus on event definitions for classification of recurrence in
breast cancer research. J Natl Cancer Inst 2014; 106 [PMID: 25381395 DOI: 10.1093/jnci/dju288]

19 Tan WJ, Ng WQ, Sultana R, de Souza NN, Chew MH, Foo FJ, Tang CL, Tan WS. Systematic review and
meta-analysis of the use of serum procalcitonin levels to predict intra-abdominal infections after colorectal
surgery. Int J Colorectal Dis 2018; 33: 171-180 [PMID: 29305753 DOI: 10.1007/s00384-017-2956-8]

20 Shimura T, Toiyama Y, Hiro J, Imaoka H, Fujikawa H, Kobayashi M, Ohi M, Inoue Y, Mohri Y,
Kusunoki M. Monitoring perioperative serum albumin can identify anastomotic leakage in colorectal
cancer patients with curative intent. Asian J Surg 2018; 41: 30-38 [PMID: 27451010 DOI:
10.1016/j.asjsur.2016.07.009]

21 Mik M, Dziki L, Berut M, Trzcinski R, Dziki A. Neutrophil to Lymphocyte Ratio and C-Reactive Protein
as Two Predictive Tools of Anastomotic Leak in Colorectal Cancer Open Surgery. Dig Surg 2018; 35: 77-
84 [PMID: 28132052 DOI: 10.1159/000456081]

22 Su'a BU, Mikaere HL, Rahiri JL, Bissett IB, Hill AG. Systematic review of the role of biomarkers in
diagnosing anastomotic leakage following colorectal surgery. Br J Surg 2017; 104: 503-512 [PMID:
28295255 DOI: 10.1002/bjs.10487]

23 Smith SR, Pockney P, Holmes R, Doig F, Attia J, Holliday E, Carroll R, Draganic B. Biomarkers and
anastomotic leakage in colorectal surgery: C-reactive protein trajectory is the gold standard. ANZ J Surg
2018; 88: 440-444 [PMID: 28304142 DOI: 10.1111/ans.13937]

24 Tamini N, Cassini D, Giani A, Angrisani M, Famularo S, Oldani M, Montuori M, Baldazzi G, Gianotti L.
Computed tomography in suspected anastomotic leakage after colorectal surgery: evaluating mortality
rates after false-negative imaging. Eur J Trauma Emerg Surg 2019 [PMID: 30737521 DOI:
10.1007/s00068-019-01083-8]

25 Kornmann VN, Treskes N, Hoonhout LH, Bollen TL, van Ramshorst B, Boerma D. Systematic review on
the value of CT scanning in the diagnosis of anastomotic leakage after colorectal surgery. Int J Colorectal
Dis 2013; 28: 437-445 [PMID: 23239374 DOI: 10.1007/s00384-012-1623-3]

26 Kauv P, Benadjaoud S, Curis E, Boulay-Coletta I, Loriau J, Zins M. Anastomotic leakage after colorectal
surgery: diagnostic accuracy of CT. Eur Radiol 2015; 25: 3543-3551 [PMID: 25925357 DOI:
10.1007/s00330-015-3795-z]

27 Olsen BC, Sakkestad ST, Pfeffer F, Karliczek A. Rate of Anastomotic Leakage After Rectal Anastomosis
Depends on the Definition: Pelvic Abscesses are Significant. Scand J Surg 2019; 108: 241-249 [PMID:
30474492 DOI: 10.1177/1457496918812223]

28 Vermeer TA, Orsini RG, Daams F, Nieuwenhuijzen GA, Rutten HJ. Anastomotic leakage and presacral
abscess formation after locally advanced rectal cancer surgery: Incidence, risk factors and treatment. Eur J
Surg Oncol 2014; 40: 1502-1509 [PMID: 24745995 DOI: 10.1016/j.ejso.2014.03.019]

29 Kulu Y, Ulrich A, Bruckner T, Contin P, Welsch T, Rahbari NN, Büchler MW, Weitz J; International
Study Group of Rectal Cancer. Validation of the International Study Group of Rectal Cancer definition and
severity grading of anastomotic leakage. Surgery 2013; 153: 753-761 [PMID: 23623834 DOI:
10.1016/j.surg.2013.02.007]

30 Floodeen H, Hallböök O, Rutegård J, Sjödahl R, Matthiessen P. Early and late symptomatic anastomotic
leakage following low anterior resection of the rectum for cancer: are they different entities? Colorectal
Dis 2013; 15: 334-340 [PMID: 22889325 DOI: 10.1111/j.1463-1318.2012.03195.x]

31 Lim SB, Yu CS, Kim CW, Yoon YS, Park IJ, Kim JC. Late anastomotic leakage after low anterior
resection in rectal cancer patients: clinical characteristics and predisposing factors. Colorectal Dis 2016;
18: O135-O140 [PMID: 26888300 DOI: 10.1111/codi.13300]

32 Sparreboom CL, van Groningen JT, Lingsma HF, Wouters MWJM, Menon AG, Kleinrensink GJ, Jeekel
J, Lange JF; Dutch ColoRectal Audit group. Different Risk Factors for Early and Late Colorectal
Anastomotic Leakage in a Nationwide Audit. Dis Colon Rectum 2018; 61: 1258-1266 [PMID: 30239395
DOI: 10.1097/DCR.0000000000001202]

33 Li YW, Lian P, Huang B, Zheng HT, Wang MH, Gu WL, Li XX, Xu Y, Cai SJ. Very Early Colorectal
Anastomotic Leakage within 5 Post-operative Days: a More Severe Subtype Needs Relaparatomy. Sci Rep
2017; 7: 39936 [PMID: 28084305 DOI: 10.1038/srep39936]

34 Jutesten H, Draus J, Frey J, Neovius G, Lindmark G, Buchwald P, Lydrup ML. Late leakage after anterior
resection: a defunctioning stoma alters the clinical course of anastomotic leakage. Colorectal Dis 2018; 20:
150-159 [PMID: 29024481 DOI: 10.1111/codi.13914]

35 Shin US, Kim CW, Yu CS, Kim JC. Delayed anastomotic leakage following sphincter-preserving surgery
for rectal cancer. Int J Colorectal Dis 2010; 25: 843-849 [PMID: 20387070 DOI:
10.1007/s00384-010-0938-1]

36 Matthiessen P, Lindgren R, Hallböök O, Rutegård J, Sjödahl R; Rectal Cancer Trial on Defunctioning
Stoma Study Group. Symptomatic anastomotic leakage diagnosed after hospital discharge following low
anterior resection for rectal cancer. Colorectal Dis 2010; 12: e82-e87 [PMID: 19594606 DOI:
10.1111/j.1463-1318.2009.01938.x]

37 Morks AN, Ploeg RJ, Sijbrand Hofker H, Wiggers T, Havenga K. Late anastomotic leakage in colorectal
surgery: a significant problem. Colorectal Dis 2013; 15: e271-e275 [PMID: 23398601 DOI:
10.1111/codi.12167]

38 Donaldson GP, Lee SM, Mazmanian SK. Gut biogeography of the bacterial microbiota. Nat Rev
Microbiol 2016; 14: 20-32 [PMID: 26499895 DOI: 10.1038/nrmicro3552]

WJG https://www.wjgnet.com June 21, 2020 Volume 26 Issue 23

van Helsdingen CPM et al. Consensus on the definition of CAL

3303


