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ABSTRACT

Aim: Anastomotic leakage (AL) is a severe postoperative complication in colorectal surgery,
but its preclinical diagnosis may improve outcomes and increase anastomotic salvage.
This study aimed to assess the added value of serum biomarkers for early detection of
colorectal AL.

Method: We performed a comprehensive literature review, and a qualitative and quantitative
analysis of papers retrieved from MEDLINE, Embase, PubMed, Web of Science, Scopus and
the Cochrane Library. We included all studies published before September 2021 assessing
the serum biomarkers white blood cells (WBC), C-reactive protein (CRP), procalcitonin
(PCT) and calprotectin (CLP) for the early diagnosis of AL.

Results: Fifteen studies that evaluated three different systemic biomarkers in the context of AL
were identified, including 5150 patients. Diagnostic test accuracy was estimated for CRP and
PCT. On postoperative day (POD) 5, the highest AUC (87.1%) and specificity (80.2%) values
were estimated for CRP. Random-effects meta-analysis and total effect sizes estimation for the
biomarkers CRP, PCT and WBC were performed according to POD. The concentration of serum
biomarkers is significantly higher in patients presenting AL. Regarding the qualitative analysis,
there was significant heterogeneity in the inclusion of different subcategories of the consensus
definition of colorectal AL in each paper’s definition.

Conclusion: The serum biomarkers CRP and PCT are moderate predictors for AL, showing
a high heterogeneity among the studies. Combinations of these biomarkers might improve
predictive accuracy, but more studies will be necessary to conduct a quality metaregression.
Key words: anastomotic leakage, colorectal, surgery, biomarkers, C-reactive protein,
calprotectin

INTRODUCTION

Minimal access surgery and standardised recovery protocols have improved
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patient recovery after colorectal surgery. Regardless of
these developments, anastomotic leakage (AL) remains
a major complication after colorectal surgery, with a
reported incidence ranging from 2 to 7% when surgery
is performed by experienced surgeons (1-3), increasing
up to 8 to 14% in low colorectal resections (4-6). Early
diagnosis of AL is crucial to limit the clinical conse-
qguences of this complication, allowing its prompt
treatment (4,5). AL contributes to possible patient
morbidities, hospital re-admissions and overall health-
care costs. Furthermore, complications such as AL and
reoperations are considered a quality indicator in
colorectal surgery (6).

Although some risk factors have been identified and
reported, it remains difficult to predict the develop-
ment of AL in individual patients (7). Intraabdominal
sepsis can be similar to physiological systemic inflam-
matory response syndrome (SIRS) to surgery, especially
in the immediate postoperative period (8). This leads to
a delay in clinical diagnosis, increasing the risk of
patients being discharged before diagnosis and then
readmitted with AL (7,8). Late detection of AL may
lead to the development of sepsis, multiple organ
dysfunction or death. Thus, early diagnosis of AL, at the
asymptomatic stage, is of paramount importance.

Several studies have suggested the use of serum
biomarkers to ease the early detection of postoperative
septic complications. In colorectal surgery, some bio-
markers have been identified for detecting various
stages of early ischaemia, inflammation and necrosis
(9). Eosinopenia has been proposed as a biomarker that
might help to identify several sepsis-related conditions,
distinguished from other causes of SIRS (10). Serum
C-reactive protein (CRP) has been shown to have a
strong correlation with postoperative complications,
including abdominal surgery (11,12). The usefulness of
procalcitonin (PCT) has been highlighted as an earlier,
more sensitive and more reliable biomarker of AL, even
before symptoms appear. Moreover, PCT and CRP have
been demonstrated to have a good negative predictive
value for AL (13,14). Calprotectin (CLP) can be a bio-
marker for amplified inflammation early in major
abdominal complications. There are currently few
studies that have investigated CLP as a predictor for AL.
Reisinger et al. showed that CLP is a better biomarker
for detecting AL than CRP (15). However, data regarding
the diagnostic accuracy of the combination of clinical
and laboratory markers for the diagnosis of AL is still
scarce. Further studies are needed to ascertain whether
the addition of serum biomarkers can improve the early
diagnosis of AL. This systematic review and meta-
analysis aimed to assess the added value of the serum
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biomarkers CRP, PCT, CLP and white blood cells (WBC)
for the early detection of AL after colorectal surgery.

METHOD

The study followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Transparent Reporting of Systematic Reviews and
Meta-Analysis guideline (16), with PROSPERO registra-
tion number 161692.

Literature search

A comprehensive search was performed in
MEDLINE, Embase, PubMed, Web of Science, Scopus
and Cochrane databases, including the following
controlled terms from MeSH: Eosinophils OR C-reactive
protein OR Procalcitonin OR Calprotectin AND Colon OR
Rectum OR Surgery OR Morbidity. Research articles
published until 31* of August 2021, restricted to
humans and written in English were considered and
included in this study. Review articles were excluded.
Additionally, references from the published literature
that met the inclusion criteria were identified by
searching relevant papers, systematic reviews, and
meta-analyses manually. The results of all searches
were combined to eliminate duplicate articles. The
abstracts obtained by the search were used by two
reviewers (N.R. and I.G.) independently to select
suitable articles, after which the full-text versions were
retrieved and independently reviewed for inclusion by
the two reviewers.

Study selection

Studies were assessed for inclusion independently
by two authors, and any disagreements over inclusion
and exclusion were resolved by consensus. Studies
were included if they met the following Population,
Intervention, Comparison, Outcomes and Study (PICOS)
criteria: (1) patients over the age of 18 years; (2) inter-
vention included colorectal surgical procedure with
resection and anastomosis, with or without a protec-
tive stoma, regardless of the pathology that motivated
the procedure, as well as the elective or urgent
character; (3) the comparison group was patients
without AL; (4) outcomes assessed were AL rate, area
under the receiver operating characteristic (ROC) curve
(AUC), sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV); (5) studies
with different designs as presented in table S1
(Supplementary Material).
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Table S1 - Design of the included studies

Randomised Controlled Trials

Comparative Studies with Historical Controls

Data extraction

Data were extracted by three authors (N.R., M.G,,
M.L.) and entered predefined tables. The primary out-
come of interest was AL, defined as reported in the
studies included. The measure of diagnostic accuracy,
namely, ROC curve, AUC, sensitivity, specificity, PPV and
NPV, were recorded in order to perform a diagnostic
meta-analysis. Data reported in the text, graphs or
figures of the studies were used to obtain the median
or mean biomarker values on each postoperative day
(POD) for the following patient groups: those with AL,
any infectious complication, and no complications.
Corresponding authors were contacted to obtain the
necessary data when it was not made available from
the article or supplementary material.

Quality assessment

Quality assessment of the studies was performed
using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) 2 tool (17). The QUADAS 2 tool
assessed the risk of bias and concerns about applicabil-
ity in four key domains: patient selection, index test,
reference standard, and flow of patients through the
study and timing of tests, classifying them as low risk,
unclear risk and high risk. The tool was tailored to suit
the content of studies and the purpose of this review
and applied independently by three authors (N.R.,
M.G., M.L.).

Data analysis and synthesis

To summarise and compare studies, where
available, mean and standard deviation (SD) values for
each biomarker in two groups of patients (AL and
without AL) were directly pooled and analysed with
standardised mean differences (SMDs), mean differences
(MDs) and 95% confidence intervals (Cls) (18). Measures
of diagnostic accuracy, including area under ROC, AUC,
sensitivity, specificity, PPV and NPV, were recorded to
enable a diagnostic meta-analysis to be performed.

Surgery, Gastroenterology and Oncology, 27 (3), 2022
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Study-specific estimates were pooled using random-
effect models. Two sets of meta-analyses were
performed based on the biomarker, and POD.

The statistical heterogeneity among studies was
assessed using the I* index (19), thus reporting the
percentage of variation in the global estimate that was
attributable to heterogeneity (I* = 25%: low; I* = 50%:
moderate; I* = 75%: high).

Forest plots were created to illustrate the effects in
the meta-analysis of the different studies and the
global estimation. R (R Core Team, 2020) and RStudio
(RStudio Team, 2020) were used to perform all
analyses. The R package meta was used to conduct
standard meta-analysis (20), and the R package mada
was used for meta-analysis of diagnostic accuracy (21).
Statistical significance was defined as a p value <0.05.

Qualitative methods were used to analyse the
degree of conceptual agreement of the different AL
definitions used in the included studies, based on a
recently established consensus definition (22). Different
conceptual categories of the consensus were considered,
and each individual definition was split and whether each
category was mentioned was recorded.

RESULTS

A PRISMA flowchart illustrating the selection of
articles included in this systematic review is presented
in fig. 1. Fifteen studies (12—14,23—-34) met the defined
inclusion criteria and had adequate data to be included
in the meta-analysis.

Study characteristics

The characteristics of the fifteen included studies
are summarised in table 1. All studies included patients
undergoing both colonic and rectal surgery. Ten of the
fifteen studies were prospective studies.

Risk of bias

The results from the QUADAS-2 assessment are
shown in table 2. Eight studies (12,23-26,28,30,34)
reported measuring CRP routinely during the post-
operative period, whereas the other seven (13,14,27,
29,31-33) did not have CRP data available for all
patients on each day. Only two studies (28,30)
measured PCT daily in the postoperative period, and
four studies (12,24,28,34) had WBC count data
available daily after surgery. Only one study (29) reported
blinding of surgeons to the results of CRP assays. The
included studies had different definitions of AL (table 3)
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Figure 1 - PRISMA flow diagram
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and not all patients had this complication diagnosed by
the same reference standard.

Definition of anastomotic leakage

Definition of AL according to the included studies
showed variations that are presented in table 3.
Tables S2 to S3 (Supplementary Material) represent
the results of the qualitative analysis performed.
Considering the consensus-based recommendation
for the definition of AL established in the study of
van Helsdingen et al. (22), the different definitions
presented in the selected studies were divided into
three categories: clinical, radiological, and surgical
findings. Regarding clinical criteria, only one study
(31) covers all of the defined subcategories, and
among these, drainage of faeces or other suspicious
contents was considered in thirteen of the fifteen
studies. Most studies did not include three of the four
consensus clinical subcategories in the definition. In
terms of radiological criteria, six studies integrate the
subcategories "extravasation of contrast" and "abscess
near anastomosis" in the definition. Six studies state
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that perianastomotic air is a suggestive sign of AL,
and none of them considered the presence of
intraperitoneal air as a diagnostic criterion. Finally,
operative findings were considered in eleven studies,
and each one mentioned up two subcategories:
“signs of peritonitis” and “surgical evidence of
dehiscence”. In selected studies, neither blind loop
nor perianastomotic necrosis were considered as
diagnostic criteria for AL. The AL rate in the included
studies ranged from 2% (32) to 15% (29).

Diagnostic WBC accuracy for AL

The results of random-effects meta-analysis
including two studies measuring WBC are shown in
fig. S1 (Supplementary Material). Subgroups meta-
analysis was performed according to POD 2 and 4,
with low global heterogeneity (1> = 0%; p = 0.82). The
pooled average WBC level on each POD for patients
with and without AL are shown in fig. S2
(Supplementary Material). A meta-analysis of the
predictive value of WBC for AL was not possible due
to the lack of available data in the selected studies.

Surgery, Gastroenterology and Oncology, 27 (3), 2022
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Table 1 - Summary of the characteristics of included studies evaluating biomarkers

Reference Study Study Elective, Approach, Colonic/rectal Operation n AL rate, Biomarkers
design interval n (%) n (%) surgery, for cancer, n (%) assessed
n (o/u) n (o/u)
Ortega-Deballon et al. (2010) (29)  Prospective 11 months 133 (100) Open 117 (88) 57/78 82 (61.7) 133 21(15.5) CRP
Min inv 16 (12) (42/58)* WBC
Almeida et al. (2012) (12) Retrospective 22 months 164 (95) Open 142 (82) 138/35 129 (75) 173 24 (13.9) CRP
............................................................................................. Mininv31(18)  B020) .. WBC
Lagoutte et al. (2012) (30) Prospective 13 months 100 (100) Open 65 (65) 68/32 52 (52) 100 13(13.0) CRP
............................................................................................. Mininv35(35) 8882 P
Garcia-Granero et al. (2013) (28) Prospective 17 months 205 (100) Open 162 (79) 144/61 150 (73.2) 205 11 (5.4) PCT
Min inv 43 (21) (70/30) CRP
...................................................................................................................................................................................... WBC
Scepanovic et al. (2013) (34) Prospective 18 months 156 (100) Open 156 (100) 85/38 151 (96.8) 156 15 (9.6) CRP
............................................................................................. Mininv0(0) O . WBC
Giaccaglia et al. (2014) (14) Prospective 12 months 101 (100) Open 89 (88) 77/24 93 (92.1) 101 9(8.9) PCT
Min inv 12 (12) (76/24) PCR
WBC
Kosti¢ et al. (2015) (31) Prospective 20 months 150 (100) n.s 85/65 150 (100) 150  15(10.0) CRP
O - O
Giaccaglia et al. (2016) (13) Prospective 21 months 504 (100) Open 126 (25) 327177 504 (100) 504 28 (5.6) PCT
_____________________________________________________________________________________________ Mininv378 7s) (885 .. O
Pantel et al. (2019) (32) Retrospective 54 months 752 (100) Open 197 (26) 604/124 227 (33) 752 17 (2.3) CRP
_____________________________________________________________________________________________ MininSss (74 @OATYTT .
iCral Study Group (2020) (33) Prospective 12 months 1546 (100) Open 255 (17) n.s. 1064 (68.8) 1546 76 (4.9) CRP
_____________________________________________________________________________________________ Mininv1291(88) . PeT
Messias et al. (2020) (25) Retrospective 49 months 64 (71) n.s. 65/25 31 (34.4) 90 11 (12.2) CRP
... B
Stephensen et al. (2020) (23) Prospective 16 months 833 (100) n.s. 663/170 584 (70.1) 833 41 (49 CRP
R
Pantoja Pachajoa et al. (2021) (24)  Retrospective 46 months 101 (82) Open 65 (56) 100/16 86 (74) 116 9(8) CRP
_____________________________________________________________________________________________ Mininvst (44) (8n4) . Weo
Jin et al. (2021) (26) Retrospective 23 months 196 (100) Open 0 (0) 0/196 196 (100) 196 11 (5.6) CRP
_____________________________________________________________________________________________ Mininv196(100)  (0100)
Baeza-Murcia et al. (2021) (27) Prospective 8 months 95 (100) Open 40 (42) 7718 75 (78.9) 95 14 (14,7) CRP
Min inv 55 (58) (81/19) PCT

Min inv, minimally invasive surgery; CRP, C-reactive protein; WBC, white blood cells; PCT, 20 procalcitonin; n.s., not stated; * 133 surgeries, 135 anastomosis;
** 123 colorectal surgeries; *** 21 surgeries were not classified in colonic or rectal surgery in 24 patients

Table 2 - Summary of QUADA-2 results

Risk of bias Applicability
Reference Patient Index Reference Flow and Patient Index test Reference
selection test standard timing selection standard

Baeza-Murcia et al. (2021) (27) - ? - - - - -

—, low risk; ?, unclear risk; +, high risk

Surgery, Gastroenterology and Oncology, 27 (3), 2022 173



Nuno Rama et al

Table 3 - Reported definitions of anastomotic leak according to each study

Reference

Definition and diagnosis of anastomotic leak

Ortega-Deballon et al. (2010)
(29)

(28)

Presence of one of the following criteria: presence of pus or enteric contents within the drains, presence of abdominal or pelvic collection
in the area of the anastomosis on CT scan (performed at the discretion of the attending surgeon), leakage of contrast through the
anastomosis during the enema, or evident AL at reoperation for postoperative peritonitis.

Clinical signs of peritonitis and/or clinical evidence of free faecal fluid within the abdomen or emerging from the drain site. Diagnosis
confirmed by abdominal and pelvic CT using intravenous and anorectal contrast.

Presence of one of the following criteria: postoperative peritonitis found at reoperation, purulent or faecaloid wound drainage, presence of
air or fluid collection in the anastomotic region on CT.

Anastomotic leakages were classified as “major” (need of reoperation or percutaneous radiological drainage, Clavien-Dindo grades 1l to V)
and “minor” (conservative medical treatment, Clavien-Dindo grades | and I).

Confirmed either by an X-ray enema with hydrosoluble contrast performed with CT scan, by endoscopy, or

intraoperatively.

Baeza-Murcia et al. (2021) (27)

Presence of one of the following: postoperative peritonitis found at reoperation, faecaloid drain, faecal material from the wound,
extravasation of contrast on enema, or the presence of air or fluid in the anastomotic region visualised by CT scan.

Presence of purulent or fagcal content at the drain site, pelvic abscess, peritonitis, rectovaginal fistula, or the appearance of purulent
content from the rectum (per recti). In patients with low colorectal anastomosis, a digital rectal examination was an integral part of the
examination to detect a possible anastomotic leak.

Presence of a faecaloid drain, emission of faecal material from the wound, extravasation of contrast on enema, evidence of post-operative
peritonitis at a reintervention and/or the occurrence of fluid, or air in the anastomotic region during a CT scan. Major leakages were
considered the ones needing reoperation or percutaneous radiologic drainage (Clavien-Dindo grades IIl) and minor those in which
conservative medical treatment was appropriate (Clavien-Dindo grades | and II).

Any deviation from the planned postoperative course related to the anastomosis, presence of pus or enteric fluid in drains or an abdominal/pelvic
collection in the area of the anastomosis on CT, contrast leakage through the anastomosis during the administration of an enema, or anastomotic
leakage at reoperation for postoperative peritonitis.

Anastomotic leakage was defined using the following clinical and radiologic criteria: 1) presence of air or abscess near the site of anastomosis
identified on CT, 2) purulent discharge or enteric secretion through the drain, and 3) clinical signs of peritonitis and/or presence of faecal or
purulent discharge during surgical re-approach.

Anastomotic leakage was defined as suture line disruption with intestinal content leakage or abscess formation, associated with fever or abdominal
pain, and confirmed by a CT scan or re-operation up to 3 months after colorectal surgery.

Anastomotic leakages were classified as “major” (need of reoperation or percutaneous radiological drainage, Clavien-Dindo grades I1l to V) and
“minor” (conservative medical treatment, Clavien-Dindo grades | and I1). All anastomotic leakages were confirmed by fecal fluid drainage, digital
rectal examination, signs of peritonitis with high fever, CT scan, endoscopy or operation.

Anastomotic leakage was definite if proven radiologically or clinically and then classified according to the necessary intervention as follows: Grade
A, requiring no active intervention (diagnosed radiologically); Grade B, requiring active radiological intervention but manageable without surgical
re-intervention; and Grade C, requiring surgical reintervention or showing an intraperitoneal (abdominal or pelvic) fluid collection on postoperative
imaging. The reference test used for AL diagnosing was double- or triple-contrast CT. Patients with poor clinical evolution (fever, prolonged ileus,
physical examination suggesting peritoneal irritation, purulent/intestinal output through drain, etc.) underwent the reference test.

CT, computed tomography

Table S2 - Qualitative analysis
of AL definitions from the fifteen
selected studies: clinical category.
DRE, digital rectal examination
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CATEGORY CLINICAL

Defect
(DRE)

Discharge from
the drain

Discharge from
the rectum

Rectovaginal
fistula

DEFINITIONS

Ortega-Deballon et al (29)
Almeida et al (12)
Lagoutte et al (30)
Scepanovic et al (34)
Garcia-Granevo et al (28)
Giaccaglia et al (14)
Kosti¢ et al (31)
Giaccaglia et al (13)
Pantel et al (32)
iCral Study Group (33)
Messias et al (25)
Stephensen et al (23)
Pantoja Pachajoa et al (24)
Jin et al (26)
Baeza-Murcia et al (27)

MENTIONED

NOT MENTIONED MENTIONED (UNCLEAR)

Surgery, Gastroenterology and Oncology, 27 (3), 2022
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Table S3 - Qualitative analysis
of AL definitions from the fifteen
selected studies: radiological
category.

CATEGORY RADIOLOGICAL
Extravasation Abscess near Perianastomotic Free intra-
DEEINITIONS of contrast anastomosis air abdominal air

Ortega-Deballon et al (29)

Almeida et al (12)

Lagoutte et al (30)

i

Scepanovic et al (34)

Garcia-Granevo et al (28)

Giaccaglia et al (14)

Kostic et al (31)

Giaccaglia et al (13)

Pantel et al (32)

iCral Study Group (33)

Messias et al (25)

Stephensen et al (23)

Pantoja Pachajoa et al (24)

Jin et al (26)

Baeza-Murcia et al (27)

MENTIONED

NOT MENTIONED

Diagnostic CRP accuracy for AL

The results of random-effects meta-analysis
considering the different studies measuring CRP are

Figure S1 - Forest plot for WBC
data showing the results of
random-effects meta-analysis
on different postoperative days

Figure S2 - WBC levels in the
postoperative period in relation
to AL. Values at each time point

represent the pooled median/
mean WBC level from the included
studies [Ortega-Deballon (2010);
Almeida (2012); Garcia-Granero

(2013); Scepanovic (2013);
Pantoja Pachajoa (2021)],
with individual studies weighted
by their sample size. AL, anasto-
motic leakage.

MENTIONED (UNCLEAR)

presented in fig. 2. Subgroups meta-analysis was
performed according to POD 1 to 7, with a global
heterogeneity statistic I values of 85% (p < 0.01),
which is indicative of high between-study hetero-

AL No AL
Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl Weight
Day=2 ;
Garcia-Granero (2013) 17 10.40 35500 188 9.20 3.4000 1 1.20 [-0.56;2.96] 23.5%
Ortega-Deballon (2010) 21 10.85 43000 112 9.30 2.9000 -+—%— 155 [-037;347] 19.8%
Random effects model 38 300 (~—— 1.36 [0.07;2.65]1 43.3%
Heterogeneity: /2= 0%, 12=0, p =0.79 ;
Day =4
Garcia-Granero (2013) 17 920 2.9000 188 7.10 2.8000 —M— 210 [066;354] 352%
Ortega-Deballon (2010) 21 10.07 41000 112 7.83 2.9000 —I— 224 [041;407] 21.6%
Random effects model 38 300 ——— 215 [1.02;3.28] 56.7%
Heterogeneity: /2 = 0%, 12 = 0, p = 0.91 :
Random effects model 76 600 — 1.81 [0.96;2.66] 100.0%
Prediction interval [-0.06; 3.68]
Heterogeneity: /2= 0%, 12 =0, p =0.82 J T T
Residual heterogeneity: /2= 0%, p = 0.96 -4 -2 0 2
L]
[ ]
[ ]
12/
A

—_ °

; .

% 10, 1 o AL

Q A . 4 Without AL

=

° A
8 2 L A i
4 A
A
0 1 2 3 4 5 6 7 8 9
Postoperative day
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AL No AL
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl  Weight
Figure 2 - Forest plot for CRP Day =1
data showing the results Garcia-Granero (2013) 17 137.30 51.1000 188 89.40 46.8000 L 3 4790 [2270;7310] 4.1%
- - i Kostic (2015 15 102.11 39.6500 99 95.15 37.9700 6.96 [-14.45; 28.37] 4.3%
of ra'.ldom effects meta_analysm Giaccag(;lia (2)014) 9 8550 483000 72 8850 50.9000 - -3.00 [-36.67;30.67] 3.7%
on different postoperative days Jin (2021) 11 60.30 20.7000 185 50.90 27.6000 : 940 [-3.46; 22.26] 4.6%
Random effects model 52 - 15.50 [-3.31;34.31]1 16.6%
Heterogeneity: /2 = 66%, 12 = 233.1335, p = 0.03
Day=2 :
Garcia-Granero (2013) 17 196.00 73.1000 188 150.40 66.7000 - 4560 [957;81.63] 35%
Ortega-Deballon (2010) 2121290 76.7500 112174.06 75.1700 —-- 38.84 [3.18; 7450] 3.6%
iCral Study Group (2020) 76 176.51 126.6900 1546 109.01 68.0100 E B 67.50 [38.82; 96.18] 3.9%
Jin (2021) 11 96.00 72.5000 185 78.40 28.8000 —;— 17.60 [-25.44; 60.64] 3.2%
Random effects model 125 2031 - 46.19 [26.00; 66.38]1 14.2%
Heterogeneity: /2 = 24%, 2 = 103.4376, p = 0.27 i
Day=3
Garcia-Granero (2013) 17 192.60 77.5000 188 135.20 72.6000 — 57.40 [19.13;9567] 3.4%
Kostic 22015; 15 197.25 757600 99 113.47 40.7200 -+ 83.78 [44.61;122.95] 3.4%
Pantel (2019 17 229.00 123.0000 679 127.00 77.0000 ——&— 102.00 [43.24;160.76] 2.5%
Giaccaglia (2014) 9 136.80 86.4000 72 134.50 87.0000 — . 230 [-57.62;62.22] 2.4%
iCral Study Group (2020) 76 212.29 111.9400 1546 98.61 715100 - 11368 [88.26;139.10] 4.1%
Jin (2021) 11 142.80 74.4000 185 78.20 45.1000 —_— 64.60 [20.16;109.04] 3.1%
Baeza-Murcia (2021) 14203.00 854000 81 91.50 66.9000 —#— 11150 [64.45;158.55] 3.0%
Random effects model 159 2850 - 79.71 [53.21;106.21] 21.8%
Heterogeneity: /2 = 64%, 12 = 776.0922, p = 0.01 :
Day=4 :
Garcia-Granero (2013) 17 171.80 102.5000 188 102.80 68.9000 —_-— 69.00 [19.29;118.71] 2.8%
Ortega-Deballon (2010) 21174.84 77.9000 112110.85 77.4300 —— 63.99 [27.78; 100.26] 3.5%
Jin (2021) 11 9250 23.6000 185 53.30 33.6000 | | 3920 [24.44;5396] 4.5%
Random effects model 49 485 B 47.94 [29.77;66.11] 10.9%
Heterogeneity: /2 = 21%, 12 = 71.1746, p = 0.28 :
Day=5 i
Garcia-Granero (2013) 17 177.00 102.2000 188 77.10 63.2000 e B 99.90 [50.49;149.31] 2.9%
Kostic (2015) 15 17593 725100 99 57.10 28.1500 —#— 118.83 [81.72;155.94] 3.5%
Giaccaglia (2014) 9 79.80 764000 72 74.5072.6000 —-— 530 [-47.36;57.96] 2.7%
Jin (2021) 11 8560 11.5000 185 39.20 25.9000 = 46.40 [38.65;54.15] 4.7%
Baeza-Murcia (2021) 14188.00 81.6000 81 45.5036.7000 —#— 14250 [99.02;185.98] 3.1%
Random effects model 66 625 em— 82.47 [36.52; 128.43] 16.9%
Heterogeneity: /2 = 89%, 12 = 2327.8372, p < 0.01
Day =6
Ortega-Deballon (2010) 21151.10 67.0100 112 67.97 67.1700 - 83.13 [52.38;113.88] 3.8%
iCral Study Group (2020) 76 156.06 89.1100 1546 61.36 57.8100 L3 9470 [74.46;114.94] 4.3%
Jin (2021) 11 99.10 41.7000 185 31.20 25.4000 - 67.90 [42.99;9281] 41%
Random effects model 108 1843 -> 83.22 [66.72;99.71] 12.2%
Heterogeneity: /2 = 25%, ©2 = 55,0766, p = 0.26
Day=7
Kostic (2015) 15 155.61 77.4900 99 49.71 29.9500 —— 10590 [66.24; 14556] 3.3%
Jin (2021) 11 77.80 43.0000 185 27.3022.0000 3 5050 [24.89;76.11] 41%
Random effects model 26 284 i 76.05 [21.92; 130.17]1 7.4%
Heterogeneity: /2= 81%, 12 = 1244.5395, p = 0.02
Random effects model 585 866 61.48 [48.34; 74.63] 100.0%
Prediction interval pr— [-2.90%; 125.87]
Heterogeneity: /2 = 85%, 12 = 936.0365, p < 0.01
Residual heterogeneity: /2 = 73%, p < 0.01 -150 -50 0 50100150

geneity, and a prediction interval that crosses the line
of no effect. The comparison of pooled average CRP
levels on each POD for patients with and without AL
are presented in fig. 3.

Ten studies were selected in the subgroups meta-
analysis of CRP accuracy for AL (POD 3 to 5), with a
pooled prevalence of AL ranging from 5.9 to 7.7%
(table 4). Pooled AUC values on POD 3 and 5 ranged
from 77.9 to 87.1% and had similar diagnostic accuracy
for AL (fig. S3 - Supplementary Material). The highest
pooled sensitivity and specificity were found on POD 5
(79.4 and 80.2% respectively). At these three time-
points, pooled PPV and NPV ranged from 21.4 to 30.7%,
and from 96.2 to 97.4%, respectively, showing low and
moderate heterogeneity, except for POD 3. The positive
likelihood ratio (LR) for CRP varied from 2.7 to 4.1, and
the negative LR was between 0.30 and 0.36. The
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derived cut-offs on POD 3 and 5 were 150.7 + 30.5 and
103.5 £ 35.9 mg/L, respectively.

Diagnostic PCT accuracy for AL

Randome-effects meta-analysis for PCT are shown in
fig. 4 with subgroups meta-analysis for POD 1 to 5.
Global heterogeneity was moderate (I = 60%; p = 0.13)
and the prediction interval crossed the line of no
effect. The pooled average PCT level on each POD for
patients with and without AL are shown in fig. S4
(Supplementary Material).

Five studies were selected in the subgroups meta-
analysis of PCT accuracy for AL (POD 3 and 5), with a
pooled prevalence of leakage that ranged from 6.5 to
7.8% (table 4). Pooled AUC values on POD 3 and 5
ranged from 79.3 to 83.1% and had similar diagnostic
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Figure 3 - C-reactive protein (CRP) 200
levels in the postoperative period
in relation to AL. Values at each
time point represent the pooled
median/mean CRP level from the
included studies [Ortega-Deballon
(2010); Almeida (2012); Lagoutte
(2012); Garcia-Granero (2013);

Scepanovic (2013);
Giaccaglia (2014); Kostic (2015);
Giaccaglia (2016); Pantel (2019);
iCral Study Group (2020); Messias
(2020); Pantoja Pachajoa (2021);

Jin (2021); Baeza-Murcia (2021)],

with individual studies weighted by

their sample size. AL, anastomotic 2

leakage
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Postoperative day 4

Almeida (2012)
Garcia-Granero (2013)
Scepanovic (2013)
Messias (2020)

Jin (2021)

Pachajoa (2021)

Random effects model

Postoperative day 5
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Scepanovic (2013)
Kostic (2015)
Giaccaglia (2016)
Messias (2020)

Jin (2021)

Pachajoa (2021)
Baeza-Murcia (2021)

Figure S3 - Pooled area under
the curve for anastomotic leakage
at POD 3 (I = 0.0%; Q = 4.87;
p = 0.899), POD 4 (I = 7.7%;
Q = 5.42; p = 0.367) and POD 5

(F = 55.1%; Q = 15.61; Random effects model

AUC  95%Cl
— 0.72 [0.59; 0.84]
= 0.80 [0.68; 0.93]
— 0.75 [0.61: 0.90]
—m—— 082 [0.71, 0.93]
~—M— 086 [0.77;0.94]
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05 06 07 08 09 1
AUC  95%Cl
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= 0.82 [0.71; 0.93]
- 092 [0.87: 0.97]
®—— 081 [0.70;0.93]
M- 094 [0.89; 0.99]
—~—  0.87 [0.83;0.92]

p = 0.029) for CRP. Values
are shown with 95 per cent
confidence intervals.
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Inflammatory Biomarkers to Predict Colorectal Anastomotic Leakage

AL No AL
Figure 4 - Forest plot for PCT Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
data showing the results Day =1
of random-effects meta-analysis  Garcia-Granero (2013) 17 260 53000 188 1.20 2.2000 140 [-114:394] 97%
H H Giaccaglia (2014) 9 1342 3.0800 72 2.86 2.9000 0.56 [-1.56;2.68] 11.3%
on different postop(_arat!ve davs' Random effects model 26 260 0.91 [-0.72;2.53] 21.0%
PCT, procalcitonin. Heterogeneity: /2= 0%, 12 = 0, p = 0.62
Day=2
Garcia-Granero (2013) 17 240 4.1000 188 1.40 3.5000 ] 1.00 [-1.01;3.01] 11.7%
iCral Study Group (2020) 76 565 12.0400 1546 1.36 3.2600 + 429 [1.58; 7.00] 9.1%
Random effects model 93 1734 ; 2.51 [-0.70;5.73]1 20.8%
Heterogeneity: /2 = 73%, 12 = 3.9279, p = 0.06
Day=3
Garcia-Granero (2013) 17 5.30 14.4000 188 1.00 2.5000 el 4.30 [-2.55;11.15] 2.4%
Giaccaglia (2014) 9 497 29000 72 227 2.6100 : 3 270 [0.71; 469] 11.8%
iCral Study Group (2020) 76 556 11.0500 1546 0.94 2.5400 - 462 [213; 7.11] 9.9%
Baeza-Murcia (2021) 14 0.89 0.9500 81 0.58 0.9500 [+ § 0.31 [-0.23; 0.85] 17.7%
Random effects model 116 1887 - 251 [0.05;4.971 41.8%
Heterogeneity: /2 = 82%, 12 = 4.3904, p < 0.01 :
Day=4 :
Garcia-Granero (2013) 17 9.40 25.4000 188 0.50 0.8000 —t+——8.90 [-3.17,;20.97] 0.9%
Random effects model 17 188 — e 8 90 [-3.17;20.97] 0.9%
Heterogeneity: not applicable :
Day=5 :
Garcia-Granero (2013) . 17 5.30 125000 188 0.40 0.6000 i 490 [-1.04,10.84] 3.1%
Giaccaglia (2014) 9 317 45600 72 277 4.0300 —- 0.40 [-2.71; 3.52] 7.8%
Baeza-Murcia (2021) 14 285 87100 81 0.21 0.3100 - 264 [-1.92; 7.20] 4.7%
Random effects model 40 3N - 1.71 [-0.65;4.08] 15.6%
Heterogeneity: /2 = 0%, 12 =0, p = 0.38 :
Random effects model 292 4410 + 2.02 [0.88;3.171 100.0%
Prediction interval p— [-1.29%; 5.33]
Heterogeneity: /2 = 60%, T2 = 1.8662, p < 0.01 f J J 1
Residual heterogeneity: /2 = 69%, p < 0.01 20 -10 0 10 20

ensuring safe early discharge.

The LR is a useful tool for clinical decision-making as
these values are test-specific and independent of the
prevalence and are more reliable as a single test for an
individual patient. Therefore, LR provides relevant
information applied to a variety of patient characteris-
tics, as it can provide probabilities adjusted to each
case, using information obtained from populations,
institutions or surgeon’s personal data. The usefulness

Figure $4 - Procalcitonin (PCT)
levels in the postoperative
period in relation to AL.
Values at each time point
represent the pooled median/
mean PCT level from the included
studies [Lagoutte (2012);
Garcia-Granero (2013);

Giaccaglia (2014); A
Giaccaglia (2016);
iCral Study Group (2020);
Baeza-Murcia (2021)],
with individual studies weighted 0
by their sample size. 0 1
AL, anastomotic leakage.

PCT (ng/mL)

N
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of LR for AL detection reflects the ability to change a
pre-test probability to a new post-test probability,
considering the systemic biomarker measured, in
relation to the estimated cut-off. In this study, the
positive LR for PCT showed a good impact on the
clinical decision, as a “rule-in” and “rule-out” test for
AL. Moreover, LR calculated for CRP presented a
moderate impact on the decision-making process,
being relevant as a “rule-out” test.

e AL
a Without AL

3 4 5 6
Postoperative day
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Figure S5 - Pooled area under the curve
for anastomotic leakage at POD 3 for PCT
(12 = 16.4%; @ = 5.98; p = 0.308).
Values are shown with 95 per cent
confidence intervals. PCT, procalcitonin

Lagoutte (2012)

Giaccaglia (2014)
Giaccaglia (2016)

iCral Study Group (2020)
Baeza-Murcia (2021)

Random effects model

In this random-effects meta-analysis, interstudy
heterogeneity varied according to the biomarker
measured, being high in the CRP studies. This important
limitation can result from the differences in the patient
population, study design and risk of bias. Five studies
are retrospective, but only two of the prospective
studies did not show investigation bias (blinded
surgeons). Furthermore, not all biomarker assays were
performed in a standardised manner for the same POD.
The qualitative analysis detected inconsistencies in AL
definitions, leading to a relevant verification bias. Both
CRP and PCT had a prediction interval that crosses the
line of no effect, reflecting the uncertainty expected in
the summary effect if a new study is included in the
meta-analysis. Only six studies measuring PCT were
included, making the prediction interval particularly
imprecise. The reduced number of studies assessing
WBC and PCT did not support a meta-regression, which
would be able to minimise the observed heterogeneity.
A further limitation of the studies is that no analytic
study was made between colonic and rectal proce-
dures, which might also be responsible for different
postoperative inflammatory reactions.

This review distinguishes itself from others that have
been published previously. First, we only selected
studies including a range of systemic biomarkers,
mainly prospective, which can be useful in daily
practice. However, rigorous inclusion criteria excluded
the only eligible CLP study, and the scarce WBC studies
available hampered relevant conclusions. Secondly, we
decided not only to conduct a random-effects meta-
analysis, but also to present and discuss the predictive
interval, assuming its usefulness and potential draw-
backs. Finally, a qualitative analysis of AL definitions in
the selected studies was performed, based on the
recommendation recently published (22), revealing
remarkable conceptual heterogeneity.

The cost-effectiveness of these tests is a critical
subject to be considered in further studies. Blood tests
included in the postoperative routine are probably cost-
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. 0.78 [0.73; 0.83]
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effective given the high cost of late treatment of AL.
Furthermore, it is important to assess the combination
of biomarkers to raise the accuracy of the test, as well
as to define the best time to request them, considering
the clinical approach.

Our review and meta-analysis demonstrated that
CRP and PCT are moderate predictors of AL in colo-
rectal surgery. It is important for clinicians to be familiar
with the role of biomarkers and their benefits. Despite
a lack of evidence, it is interesting to note that some
biomarkers have been used in clinical practice to
predict AL. In this study, we found higher serum levels
of systemic biomarkers in the group of patients
presenting AL. However, these results should be inter-
preted with caution due to significant heterogeneity
among the studies. Many questions remain regarding
the usefulness of each biomarker both for early
detection of AL and for assuring safe discharge of
patients in this context, making their clinical application
challenging.

Statement

Anastomotic leakage (AL) is a life-threatening
condition after colorectal surgery. Its early detection is
still challenging in clinical practice. This manuscript
provides a quantitative analysis for some serum inflam-
matory biomarkers, suggesting their usefulness for the
early detection of AL. Besides, a qualitative analysis of
the definition of AL was performed.
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