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Abstract

Background Anastomotic leakage (AL) is a major complication of colorectal surgery resulting in morbidity, mortality and
poorer quality of life. The early diagnosis of AL is challenging due to the poor positive predictive value of tests available and
reliance on clinical presentation which may be delayed. The aim of this systematic review was to assess the applicability of
peritoneal cytokine levels as an early predictive test of AL in postoperative colorectal cancer patients.

Methods A comprehensive literature search was performed from inception to January 2021, in MEDLINE and EMBASE
databases using MeSH and non-MeSH terms in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. All studies evaluating peritoneal cytokines in the context of AL were included in this review.
Results Two hundred ninety-two abstracts were screened, 30 full manuscripts evaluated, and 12 prospective studies were
included. There were 8 peritoneal cytokines evaluated (interleukin [IL]-1p, IL-6, IL-8, IL-10, vascular endothelial growth
factor [VEGF], tumour necrosis factor alpha [TNF alpha] and matrix metalloproteinase [MMP]2 and MMP9) between AL
and non-AL groups on postoperative day 1. Those that included IL-6 (7 studies), [L-10 (4 studies), TNF alpha (6 studies) and
MMPO9 (2 studies) were included in the meta-analysis. IL-10 was the only cytokine in the meta-analysis that was significantly
(p <0.05) raised in drain fluid on postoperative day 1 in AL patients.

Conclusions Peritoneal IL-10 was significantly raised on postoperative day 1 in patients who subsequently developed AL.
This may be a useful early predictor of AL and aid in an earlier diagnosis for postoperative colorectal patients. The range of
cytokines investigated within the literature is limited and from heterogeneous studies which suggests more research is needed.
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Introduction morbidity, quality of life, duration of hospital stay and long-

term cancer survival [6-8].

Colorectal cancer is the third most frequent cancer world-
wide, with two-thirds of cases being treated surgically [1].
Surgical technique in oncological colorectal resection has
advanced through the adoption of laparoscopic surgery and
implementation of ‘Enhanced Recovery After Surgery’
(ERAS) protocols [2—4]. Despite these advances, anasto-
motic leakage (AL) continues to be a significant postop-
erative complication affecting up to 20% of primary anas-
tomosis and accounting for a mortality of 0.7% amongst
colorectal cancer patients [5]. It has a significant effect on
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Earlier diagnosis of AL at a subclinical stage could mini-
mise morbidity and mortality by reducing the impact of sys-
temic sepsis and multi-organ failure [9]. Early clinical signs
of AL include fever, oliguria, ileus, diarrhoea and leucocyto-
sis, which are non-specific in the post-operative patients for
other reasons including the postoperative systemic inflam-
matory response [10]. Investigations of suspected AL in the
early post-operative period include computed-tomography
(CT) scan and serum C-reactive protein (CRP) measure-
ments but they have limitations. Diagnosis of AL from CT
scan has a sensitivity of 59% [11] and serum CRP levels has
a have a negative predictive value of 97.5% on day 3 post-
operatively [12]. There continues to be a lack of a highly
sensitive and specific diagnostic test for an AL in the early
postoperative period (days 1-3).
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Following a surgical colorectal anastomosis, there is a
localised immune response within the peritoneal fluid asso-
ciated with normal healing [13]. The development of an
AL disrupts this normal healing process and there has been
research into whether the inflammatory cytokines with the
peritoneal fluid can be measured to detect AL at a subclinical
stage. The aim of this systematic review and meta-analysis
was to identify if any of these peritoneal immune biomarkers
are significantly increased in peritoneal fluid postoperatively.

Materials and methods

The systematic review was conducted following the proce-
dures specified in the 2009 update of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [14]. The protocol of the systematic review is
available through PROSPERO (http://www.crd.york.ac.uk/
PROSPEROY/), where it has been assigned the following reg-
istration number CRD42021170089.

Two reviewers (NR and AG) determined the search ter-
minology, undertook the study selection, data extraction
and quality assessment independently. All data created were
recorded electronically in an initially blinded and then later
shared database. Disagreements in "study selection" or qual-
ity assessments were resolved by discussion between review-
ers. The senior author (JT) was in place to resolve ongoing
disparity between reviewers.

Search strategy

A comprehensive search of the literature was performed
in MEDLINE and EMBASE in from inception to January
2021. No restrictions were placed on the publication date;
but the searches were restricted to English language and
human studies. The search terms were as follows: (colo-
rectal surgery OR rectal surgery OR rectal cancer) AND
(anastomotic leak OR anastomotic dehiscence OR anasto-
mosis) AND (peritoneal fluid OR drain fluid OR biomarkers
OR cytokines). The search was completed using MeSH and
non-MeSH terms, with subsequent de-duplication.

Study selection

The titles and abstracts of manuscripts found in the litera-
ture search were screened for relevance. The inclusion cri-
teria were human studies of any colorectal resections which
evaluated peritoneal biomarkers postoperatively. Exclusion
criteria included non-human studies, other gastrointestinal
surgery (for example gastrectomy), letters or reviews, and
studies that only evaluated serum biomarkers.
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Data extraction

The data were extracted into a table with predefined fields,
to compare biomarker levels, between the AL and non-AL
groups. Only postoperative day 1 results were evaluated, to
try and establish what happens in the immediate postopera-
tive period. Also included were study design, study size,
colorectal procedures included in the study and the rate of
AL recorded in the study. Within the studies, to include the
data on rate of AL, the methodology had to include the diag-
nostic criteria and the subsequent treatment details of the
patients with AL. Authors were contacted to ensure com-
pleteness and accuracy of data extracted.

Quality assessment

The Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS-2) tool was used to assess the quality of
included studies. The risk of bias was assessed across the
four domains stated in the tool: patient selection, index text,
reference standard and the flow and timing of tests in rela-
tion to the patients in the study. The applicability of the
studies was also evaluated.

Statistical analysis

Data from the included studies were only used in the meta-
analysis if day 1 measurements for the cytokine were avail-
able with clearly stated units. If the data were not clearly
available from the manuscripts, then the authors were con-
tacted. Any study which did not have clear numerical meas-
urements were excluded from the meta-analysis.

Heterogeneity was assessed using the /> and X? statistics,
and the data were considered significant if the p value (X?)
was <0.1 and I* was>75%. Analysis was performed using
Review Manager (RevMan, version 5.3. Copenhagen, Den-
mark: The Nordic Centre, the Cochrane Collaboration, 20.)
Analysis was performed using a random effects model. The
Inverse Variance method was used to calculate the mean
difference and the 95% confidence interval using a random
effects model, which were illustrated in forest plots. When
a median value of the biomarkers was presented with an
interquartile range, our method was used to covert to mean
values with a standard deviation.

Results

The literature search yielded 306 manuscripts of which
14 were duplicates. Two hundred ninety-two abstracts
that were screened for inclusion. At this point, 262 were
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excluded as per the exclusion criteria. After a full-text
review of the 30 manuscripts, 12 studies evaluating inflam-
matory cytokines found in peritoneal fluid were included,
whilst the 18 articles with a focus only on serum biomark-
ers were excluded [15-26].

The PRISMA flowchart outlines the selection process
of the studies included (Fig. 1). The summary of the 12
manuscripts included in the systematic review are within
Table 1. There have been 8 different cytokines (interleukin
[IL]-1pB, IL-6, IL-8, IL-10, vascular endothelial growth
factor [VEGF], tumour necrosis factor alpha [TNF alpha],
matrix metalloproteinase [MMP]2 and MMP9) studied
taken from measurements obtained at 6 h to 9 days post-
operatively. The bias assessment of the studies was com-
pleted (Table 2). None of the studies included investigated
every study patient for an AL, and they only defined those
patients with an AL as those with a clinical AL. Also,
there was no long-term follow-up of the patients beyond
30 days in any of the included studies for a subclinical
AL, or late presentation of an AL. There was high bias in
the patient diagnosis of AL, and this had an impact on the
subsequent interpretation of the results.

Study details

There were 12 studies included in the systematic review
(Table 1). The sample sizes ranged from 24 to 292 and all
studies were prospective studies. Two of the studies used
matched groups, hence the 50% AL rate, whilst the AL rate
in the other studies ranged from 8.2 to 30.4%. Two of the
studies had prospectively included patients with high risk for
AL but this was not pre-defined in their methodology. Only
six studies looked at a homogenous group of patients, those
that underwent an anterior resection for sigmoid and rectal
cancers. Three studies had a mixture of pathologies with
benign cases (inflammatory bowel disease and adenomas)
and cancer patients being analysed as the same cohort. Six
studies had different colorectal operations being considered
as one cohort, for example right hemicolectomies and ante-
rior resections.

Follow-up was variable across the studies, from 14 days
to 5 years, with 4 studies not stating follow-up time. All the
studies considered the AL patients to be those with clinical
AL requiring treatment but had different methods of deter-
mining the presence of an AL; with no studies considering
asymptomatic AL as a subgroup in analysis. The definition

Fig.1 Preferred Reporting
Items for Systematic Reviews =
and Meta-Analyses Flow Chart 2 Records identified through Additional records identified
of Study Selection '8 database searching through other sources
£ (n =300) (n=6)
1
]
3
_ Y
PR Records after duplicates removed
(n=292)
o0
=
c
8 A 4
5
2 Records screened Records excluded
(n=292) e (n=262)
| —
A 4
Full-text articles assessed Full-text articles excluded,
Z for eligibility > with reasons
= (n=30) (n=18)
5o
= .
Reason for exclusion was
X the measurement of
_ Studies included in serum biomarkers and not
qualitative synthesis peritoneal biomarkers
)
(n=12)
-]
7] v
3
= Studies included in
= quantitative synthesis
(meta-analysis)
(n=8)
| ——

@ Springer



Techniques in Coloproctology (2022) 26:117-125

120

Jea[ SOWOo)SeUR Ty

vsn
‘NIA ‘stfodeauury

SUOTO9SY I9oUL))

TV jou spu

woisks 49 *VSITd Do 08— urw Of 10y 3000 0-ANL ‘9-TI ‘J1-T1 SN [e109 pue papi§ JoT  -0Irady (4:8/26) 001 1oyo) aandadsord  110¢ ‘[e 30 OjowrEWeL
wni3[g ‘s
-AIN V'S odoing Dot 1 SUOI0ISIY
90Inosolg VSITd Do 08— urw 07 10§ 3000 ©-ANL ‘01T ‘9-'TI SN 190ues) [B10310[0) (#/09) ¥€  10yoD 2anoedsord  800C Te 10 se1dn)
spuepo
-PoN QYL Nfimstorg 6dNIN
RULLSISINSEINE | Do¥  PUBTININ P-ANL 190Ue]) [e109Y 10}
OWLIAY, :Xourun]  J, 08— JB U O] 10§ 8 G661 ‘OT-TL ‘O~ ‘JI- T  sKepge  UONOIsay IoLejuy (8¢/¥S7) T6T  MoyoD eandadsord 610 [e 10 woogqarredg
VIN ‘BoLR[Ig
“d1oD arodrN (190uBd
‘Kesse rerd [[om-9¢6 0-INL 10 uSTuaq) sorreding
3 09-OLADHXdIN Do 08— SN ‘01-T1 8-T1 ‘911 skep O¢ [B103I0]07) SNOLIBA (L1/681) 90T 10yoD aanoadsold 910¢ ‘[e 39 Inouwureg
VSN “11
‘eruIojie)) ‘soresuy heblile)
S0 *Dd Juewnnsur [2309Y I0J suon popn[oxe
] -vSITd SN SN O1-TL ‘911 SN -9959Y IOLIRUY MO 0L« “(L/€1) 0 Moyo) dAndadsord 6107 [& 10 SDeWouoyIQ
VD ‘so[esuy
S0 ‘D4 uRwnnsur I00UR)) [B109Y 10}
] vSITd SN SN 0-dNL ‘0I-TI ‘9-TI skep o¢ UOTO953Y IoLIUY (L/91) €T 10yoD 2Andedsord 00T  TB 19 UISSAIYNEI
SUOI}09SY Jodue))
SN -VSI'Td SN SN 6dININ sAep g [109Y pue popIg 1Jo] (S1/66) ¥11 1oyo) aandadsord  G10T ‘[e 39 00S0y
Auewidn) ‘Smquey (190ued pue
‘sonysouser(] yoajou uS1uaq) SuonOasY 100D PAYdIeIN
SWW-INMNO) 'VSITA Do OL— urw O 10§ 80007 0-ANLL ‘9T ‘J1-T1 SN [BI0010[0)) SNOLIEA (T ve aandadsold 70T Te 30 SImIoH
[020301d
I VSI'Td ANLL pue Iaouen
‘0TI ‘9711 wewny Do ¥ [8309Y 10} suon
Jorg ke ‘VSITH Do 0T Ie U Q[ 10§ 8000 0-INL ‘01~ ‘9-TI sAep 9] -0089Y IOLIGIUY MO (8/8%) 95 110yo) aanoadsord 10T ‘[& 30 Bpnoq
hekliig)
noyz3uey ‘py1 ‘0D [2109Y 0] suon
wreydorqiseq 'VSITH Do 08—  UIw (g 1of wd1 0pgT 0-gN.L ‘9-TI skep 9 -00s9Y IOLRIUY MO (L/gy) 0§ 10yoD 2andadsord  L10T Te 10 wIs[g
AuewIon ‘wroyneN
peq ‘HqQUO uuew Do ¥ (dAjod 10 190UED)
-1org Dd( ‘enuwy ), 08— Je U O] 10f 8 000€ 0-4NL ‘9-TI skep 41 K1231mg [€30010[0D) (€/20) st MoyoD aandadsord  €00T ‘Te 30 wentog
VSN ‘NN ‘Swaiskg
azy s vSITd
STIOHA pue 9-T1 SUON0ASIY HoyoD
uewiny jaun{puend D, 08— SN JDFA ‘911 sIeak ¢ Iodue]) [e10910[0D (0£/0€) 09 PaYdIRIN 2AnadsoId  $10T ‘[e 30 Osuoly
(1v
Jurmseoq aurjoILk)  93eI0IS uoneInJIua)) s1oyreworg  d-mofr[oq odL1, A103mg  /Tv-uou) azis Apmg odA1, Apms  IBOX Q0UAIJOY

SoIpMIs popn[our ay) jo Arewrwing | jqel

pringer

Qs



Techniques in Coloproctology (2022) 26:117-125

121

Table2 The QUADAS-2 risk

. Study Year Risk of bias Applicability concerns
of bias assessment

Patient  Index test Reference Flow Patient  Index test Refer-

selec- standard  and tim- selec- ence

tion ing tion standard
Alonso et al. 2014 HR LR LR HR LR LR LR
Bertram et al. 2003 LR LR LR HR HR LR HR
Bilgin et al. 2017 LR LR LR HR LR LR LR
Fouda et al. 2011 LR LR LR HR LR LR LR
Herwig et al. 2002 HR LR LR HR HR LR LR
Kostic et al. 2015 LR LR LR HR LR LR LR
Mattiessen et al. 2007 LR LR LR HR LR LR LR
Oikonomakis et al. 2019 HR LR LR HR HR LR LR
Sammour et al. 2016 LR LR LR HR LR HR HR
Sparreboom et al. 2019 LR LR LR HR LR LR LR
Urgas et al. 2008 LR LR LR HR LR LR LR
Yamamoto et al. 2011 HR LR LR HR HR LR LR

LR Low Risk, HR High Risk, QUADA Quality Assessment of Diagnostic Accuracy Studies

of treatment varied between the studies, from only includ-
ing those undergoing re-laparotomy to including both non-
operative and operative treatments. Finally, the studies had
different sample storage conditions and analysis techniques.

IL-1p

IL-1p was measured in three studies [18, 21, 26], however,
there was not sufficient data within the published data to
perform a meta-analysis. All three studies did demonstrate
that there was an increasing trend in IL-1f from postopera-
tive day 2 with it being significantly raised on postoperative
day 3, whereas those patients with no peritonitis/AL did not
have any rise in IL—1f levels.

IL-6

IL-6 was measured in 11 of the 12 studies included in this
review [15-21, 23-26]. Data from 7 of the studies were
included in the meta-analysis, seen within Fig. 2(A). There
was no significant difference between those with an AL and
those without in the meta-analysis although six of the seven
studies demonstrated a raised IL-6 in those with an AL.
However, there is a high degree of heterogeneity between
the studies which may explain a non-significant p value.

IL-8

IL-8 was measured in a single study by Sammour et al. who
reported that there was no significant difference between
those with an AL and those without [25].

IL-10

IL-10 was measured in six studies [17, 18, 20, 23-26], with
data from four of the studies were included in the meta-
analysis, seen within Fig. 2(B). IL-10 is significantly higher
(»<0.001) in patients with an AL on postoperative day 1
and all studies report homogenous results.

VEGF

VEGF was measured in a single study by Alonso et al.
(2014), which demonstrated that VEGF was significantly
higher (p=0.001) in patients with an AL and correlated with
IL-6 peritoneal levels [15].

TNF alpha

TNF alpha was measured in eight studies [16-23, 25], with
six studies included in the meta-analysis in Fig. 2(C). There
was no significant difference between those with an AL and
those without, however, there was a high degree of hetero-
geneity between the studies.

MMP2
MMP?2 was only measured in a single study, Sparreboom

et al. There was no difference in the levels of MMP2 between
those patients with an AL and those without.

MMP9

MMP9 was measured in two studies [22, 26] with both stud-
ies included in the meta-analysis in Fig. 2 (D). There was no
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Anastomotic leak Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Herwig 2002 162.5 105.8 12 279 139 12 7.0% 134.60(74.22, 194.98] 2002
Bertram 2003 64.9 682 3 47 76.8 22 4.2% 17.90 [-65.68, 101.48] 2003 —
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Anastomotic leak Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
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Sparreboom 2020 63.2 811 37 35.2 318 246 23.9% 28.00[1.57, 54.43) el

Total (95% CI 83 544 100.0% 15.34 [-20.10, 50.78] ?

Heterogeneity. Tau? = 1184.22; Chi® = 29.76, df = 5 (P < 0.0001); I* = 83%

Test for overall effect: Z = 0.85 (P = 0.40)
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Control Anastomotic leak
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Anastomotic leak Control Mean Difference Mean Difference
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Kostic 2015 1.3 6.9 15 12 6.2 99 35.4% 0.10[-3.60, 3.80] 2015
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Test for overall effect: Z = 1.43 (P = 0.15)

Fig.2 Meta-analysis of peritoneal cytokines on postoperative day 1.
(A) Comparison of peritoneal IL6 ng/ml anastomotic leak vs. control
group. (B) Comparison of peritoneal 1110 pg/ml anastomotic leak vs.
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significant difference between patients with an AL and those
without, despite there being low heterogeneity between the
two studies.

Discussion

AL is a significant complication which increases postop-
erative morbidity and mortality [6-9]. Current diagnosis of
AL relies primarily on CT scanning and serum CRP [11,
12]. This meta-analysis has shown that of the eight cytokine
biomarkers measured in peritoneal fluid, only IL-10 has
been found to be significantly raised on postoperative day
1. However, VEGF was only measured in one study and was
significantly higher in those with an AL (»p=0.001). IL-10
could form part of a more sensitive diagnostic test to indicate
those patients developing an AL in the early postoperative
period and give an insight into the localised immune process
associated with the development of AL.

Following colorectal surgery, pro-inflammatory and anti-
inflammatory mediators are released locally in the perito-
neal cavity as part of the normal healing process [27]. Much
attention has been given to IL-6 as it is a driver of the acute-
phase response and can activate T-cell proliferation, which
explains why it is raised in many inflammatory clinical con-
ditions including sepsis [28]. IL-6 was measured in 11 of
the 12 studies included in the review. Despite many studies
measuring peritoneal IL-6 postoperatively, only five of the
studies found a significant difference on postoperative day
1 and the meta-analysis did not find it significantly raised,
likely due to the heterogeneity of the studies.

IL-10 is significantly raised in the meta-analysis of four
studies in postoperative day 1 peritoneal fluid in those
patients who then went on to develop an AL. IL-10 is an
anti-inflammatory cytokine which is important in regulating
the immune response to pathogens allowing normal tissue
homeostasis, limiting tissue damage from an over-active
immune response. However, elevated levels of IL-10 affects
the local immune response to bacteria which is associated
with tissue damage [29]. The presence of IL-10 may indicate
an impaired tissue healing process in those with a primary
anastomosis, hence a developing AL.

Due to the development of the ERAS protocol [2], the use
of intraperitoneal drains to facilitate peritoneal fluid drain-
age has become reduced due to the consensus that peritoneal
drains would reduce mobility postoperatively. Meta-analysis
have been equivocal showing no benefit of peritoneal drains
in reducing anastomotic complications, but with no signifi-
cant increase in complications directly related to the drains
[30, 31]. However, the abdominal drains give a unique win-
dow to testing the peritoneal fluid which has a larger local
cytokine release after colorectal surgery than in the systemic

circulation, and this has led to research studies into potential
peritoneal biomarkers [13].

Though this review has found numerous studies which
had individually significant findings, collectively the meta-
analysis only found that IL-10 levels were significant, and
this is due to the wide heterogeneity of the studies. Most of
the studies included were only on open procedures or on
a large proportion of open procedures, which is not repre-
sentative of current practice with the shift towards increased
laparoscopic surgery. The more recent study by Sparreboom
et al. (2019) was the only study to represent current surgical
practice with a rate of laparoscopic procedures of 55.1%
and transanal procedures of 41.1% [26]. The impact of an
open or laparoscopic approach due to the peritoneal immune
response is well described, with Glatz et al. reported sta-
tistically significant lower IL-6 levels on postoperative day
1 after laparoscopic surgery compared to open procedures
[32].

Other aspects of the studies were also heterogenous
including comparing different colorectal pathologies (benign
and malignant) and different colorectal operations in the
same study cohorts (right and left resections). There were
also different definitions of AL in each study, which means
that it is difficult to accurately assess end points between the
studies. It is becoming increasingly accepted that there are
patients who may have a subclinical AL and these patients
do not require immediate postoperative or non-operative
treatment but often present later when a defunctioning stoma
is reversed, or with poorer functional outcomes. None of
the studies included longer follow-up imaging to check the
integrity of the anastomosis, and all studies considered the
group of subclinical AL patients as those that recover with-
out complications, and this may have had an impact on the
cytokines measured. Furthermore, there were two studies
that used matched groups to explore the differences in the
peritoneal biomarkers which may have introduced selection
bias into their results.

Only the peritoneal cytokine measurements from post-
operative day 1 were included in this systematic review,
and this limits the understanding of the potential trends of
cytokine levels in the immediate postoperative recovery
period. The rationale for evaluating only postoperative day
1 is that the ability to accurately identify those patients that
develop an AL early, within 24 h of surgery, could facili-
tate early interventions that may limit the impact of AL on
the patient. An early diagnosis could prompt a diagnostic
laparoscopy/endoscopy to inspect the anastomosis, allow a
delayed creation of a defunctioning stoma only if high risk
for AL, and prompt initiation of early antibiotics to prevent
systemic sepsis. Early diagnosis and management of AL
could even reduce the number of stomas formed overall and
thus have a positive impact on long-term function.
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AL and infectious complications following surgery are
relatively uncommon, and therefore studies with large
cohorts of patients focusing on only 1 surgical procedure are
difficult to produce. In existing studies, IL-10 levels obtained
from peritoneal fluid show promise as a predictor of AL,
but in order to reduce type II error, larger sample sizes are
needed. Studies aiming to only recruit patients undergoing
one type of laparoscopic procedures (i.e. Anterior Resec-
tions) are needed, as the early research indicates that there
is the potential to utilise the peritoneal immune response in
early diagnosis of AL.

Conclusions

This systematic review and meta-analysis have demonstrated
that IL-10 has the potential of being an early diagnostic test.
However, the studies are heterogenous in design, and the
number of cytokines studied are limited. Further work on
different cytokines and the cellular immune responses and
pathways within the local peritoneal fluid may give insight
into the mechanism of an AL.
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