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Abstract
Background The optimal treatment of colorectal cancer is surgical resection and primary anastomosis. Anastomotic leak can 
affect up to 20% of patients and creates significant morbidity and mortality. Current diagnosis of a leak is based on clinical 
suspicion and subsequent radiology. Peritoneal biomarkers have shown diagnostic utility in other conditions and could be 
useful in providing earlier diagnosis. This pilot study was designed to assess the practical utility of peritoneal biomarkers 
after abdominal surgery utilising an automated immunoassay system in routine use for quantifying cytokines.
Methods Patients undergoing an anterior resection for a rectal cancer diagnosis were recruited at UniversityHospital of 
Wales, Cardiff between June 2019 and June 2021. A peritoneal drain was placed in the proximity of the anastomosis dur-
ing surgery, and peritoneal fluid was collected at days 1 to 3 post-operatively, and analysed using the Siemens IMMULITE 
platform for interleukin (IL)-1β, IL-6, IL-10, CXCL8, tumour necrosis factor alpha (TNFα) and C-reactive protein (CRP).
Results A total of 42 patients were recruited (22M:20F, median age 65). Anastomotic leak was detected in four patients and 
a further five patients had other intra-abdominal complications. The IMMULITE platform was able to provide robust and 
reliable results from the analysis of the peritoneal fluid. A metric based on the combination of peritoneal IL-6 and CRP levels 
was able to accurately diagnose three anastomotic leaks, whilst correctly classifying all negative control patients including 
those with other complications.
Conclusions This pilot study demonstrates that a simple immune signature in surgical drain fluid could accurately diagnose an 
anastomotic leak at 48 h postoperatively using instrumentation that is already widely available in hospital clinical laboratories.
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Introduction

Colorectal cancer is the third most common cancer world-
wide, with the majority of patients treated with surgical 
resection and primary anastomosis. Between 1% and 20% 

of colorectal resections result in an anastomotic leak (AL) 
[1], which poses a significant risk for patients. As well as the 
immediate threat of developing faecal peritonitis and sepsis, 
with its attendant morbidity and mortality profile, in the long 
term AL is associated with a lower 5-year cancer-specific 
survival rates [2–7] and increased risk of cancer recurrence 
[2–4, 8, 9]. Hence, there is an urgent and unmet need to 
identify AL quickly to enable early intervention, possible 
anastomotic salvage and avoid long-term complications.

Current methods of diagnosing AL are usually based on 
serial clinical examinations and radiological imaging from 
days 3–5 postoperatively. These include symptoms such 
as pain, tachycardia, fever, oliguria, ileus, diarrhoea and 
leukocytosis, in combination with elevated blood levels of 
C-reactive protein (CRP). However, the clinical signs are 
non-specific and are only observed once there is a systemic 
response to the AL. Similarly, blood CRP can aid diagnosis, 
with postoperative day 3 levels of less than 172 mg/l having 
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a negative predictive value of 97% but only a low specificity 
for positive diagnosis of an AL [10].

By postoperative day 3 to 5 the risk of mortality increases, 
alongside the necessity for an emergency operation to treat 
faecal peritonitis with its concomitant high risk of a per-
manent stoma formation. Earlier detection of an AL could 
change the management and treatment of these patients and, 
crucially, improve their postoperative outcome and quality 
of life.

In the present study, we examined whether peritoneal 
fluid drained from the surgical site can be used to diagnose 
AL more rapidly and accurately than current practice. By 
assaying peritoneal fluid in proximity to the anastomotic site, 
one should be able to detect the local response to colonic 
contamination of the peritoneum more quickly, sensitively 
and specifically than later systemic responses. This hypoth-
esis was based on previous studies in which peritoneal fluid 
was found to respond more rapidly to the presence of AL 
than routinely sampled blood [11], confirming that it is more 
likely to be an effective medium for robust early detection. 
Similarly, our own research in different pathologies has 
shown that local immune signatures (“immune fingerprints”) 
at inflammatory sites are powerful predictors of acute infec-
tions, including in the peritoneal cavity of patients receiving 
peritoneal dialysis [12, 13], in the urine of patients present-
ing with suspected urinary tract infection [14], and in cer-
ebrospinal fluid of neurosurgical patients [15]. Such disease-
specific immune fingerprints combining clinical parameters 
with soluble and cellular biomarkers of inflammation, organ 
damage and/or physiology are likely to improve on the reli-
ance on a single biomarker and increase both the sensitivity 
and specificity of early diagnostic tests.

In order to have immediate relevance for patient benefit, 
the present study was designed to assess the practical utility 
of biomarkers in drain fluid after abdominal surgery and 
test a suite of clinically approved biomarkers using the Sie-
mens IMMULITE platform, an automated immunoassay 
system routinely used for quantifying cytokines in hospitals 
globally.

Methods

Ethics approval

All methods were carried out in accordance with relevant 
guidelines and regulations. Experimental protocols were 
approved by Cardiff University, and written informed con-
sent was obtained from all subjects. Recruitment of patients 
was approved by the Wales Cancer Bank under reference no. 
18/016 and conducted according to the principles expressed 
in the Declaration of Helsinki.

Objectives

The primary objective of the study was to assess whether 
altered levels of peritoneal fluid biomarkers (cytokines) in 
response to AL could be measured on a widely available 
commercial immunoanalyser platform.

The secondary outcome was the analysis of peritoneal 
biomarker measurements to explore their sensitivity and 
specificity for AL diagnosis.

Patient cohort

Between June 2019 and June 2021, all patients undergoing 
an elective anterior resection within the colorectal depart-
ment of the University Hospital of Wales in Cardiff (UK) 
were screened for inclusion. Inclusion criteria were cancer 
diagnosis, intended primary anastomosis, age ≥ 18 years 
and capacity to consent. Exclusion criteria were non-
cancer diagnosis, lack of capacity and a permanent end 
colostomy formation. Patients who had neoadjuvant chem-
oradiotherapy were included, and the intention to form a 
defunctioning ileostomy was not an exclusion criterion. 
Operations were performed according to surgeon prefer-
ence, either laparoscopically or via a midline laparotomy. 
Laparoscopic procedures had extraction sites via a mid-
line or a Pfannenstiel incision. The primary anastomosis 
was formed using a conventional circular stapler, the size 
according to surgeon choice. At the end of the operation 
a non-suction drain was placed in the left iliac fossa, into 
the pelvis. The removal of the drain was decided upon by 
the operating surgeon but was left in situ for at least 48 h 
postoperatively.

Clinical assessments

Patient demographics were collected preoperatively. These 
included age, sex, body mass index, smoking status, and 
previous chemotherapy and/or radiotherapy. Intraopera-
tive variables were also collected, including operation 
time, laparoscopic or open approach, and formation of 
defunctioning stoma. Postoperatively, data were collected 
on length of hospital stay, tumour staging (TNM) and post-
operative complications. Complications were classified as 
AL or other complications, which included bleeding, small 
bowel obstruction and any other reason for return to thea-
tre. AL was defined as clinically manifest insufficiency of 
the anastomosis leading to a clinical state requiring treat-
ment (i.e. grade B/C) [16]. AL was confirmed by either 
computer tomography (CT) scan and/or reoperation. As 
such, patients were stratified into three groups for analysis: 
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‘uneventful recovery’, ‘anastomotic leak’ and ‘other com-
plications’. All clinical data were incorporated into a data-
base in which data were pseudo-anonymised by assigning 
each patient a study number. No personally identifiable 
information was included.

Collection and storage of peritoneal fluid

Drain peritoneal fluid was collected at 8:00 am on days 1 
and 2 postoperatively, as well as on day 3 if that patient 
still had the peritoneal drain in situ. The first sample (day 1) 
was collected between 14 and 20 h postoperatively. All sam-
ples were transferred for analysis in the laboratory within 
30 min. The peritoneal fluid was centrifuged twice at 500×g 
for 20 min at 20 °C. The cell-free supernatant was removed, 
aliquoted into 2-ml cryotubes and stored at − 80 °C until 
further use.

Peritoneal drain fluid analysis

Peritoneal fluid levels of interleukin (IL)-1β, IL-6, IL-8/
CXCL8, IL-10, tumour necrosis factor alpha (TNFα) and 
CRP were measured using the corresponding IMMU-
LITE 1000 kits on IMMULITE 1000 Immunoassay systems 
through the solid-phase chemiluminescent immunometric 
assay (CLIA) method. All kits and instruments were sup-
plied by Siemens Healthineers GmbH, Germany. Normal 
assay ranges were as follows: IL-1β, 5–1000 pg/ml; IL-6, 
2–1000 pg/ml; CXCL8, 5–7500 pg/ml; IL-10, 5–1000 pg/
ml; TNFα, 4–1000 pg/ml; and CRP, 0.3–100 mg/l. For 
CRP measurements, samples were prediluted 1 in 100 in 
a CRP-free protein/buffer matrix prior to assay. As a result 
of inherent high concentrations of IL-6 in peritoneal fluid, 
two dilutions (1 in 50 and 1 in 100) were used to cover the 
reasonable expectations of dilutional requirements, using 
an IL-6-free protein/buffer matrix prior to assay. All other 
biomarkers were measured directly in the undiluted fluid.

IMMULITE assay performance

To evaluate precision, single donor or pooled peritoneal fluid 
samples were selected and prepared at different concentra-
tions, divided into aliquots, and stored at − 20 °C until use, 
with a fresh aliquot used for each run. For IL-1β, IL-6 and 
IL-10, repeatability/within-lab precision was measured by 
running the prepared pools once per day, for 5 days, in rep-
licates of five. For CRP, TNFα and CXCL8, repeatability 
was assessed from 10 replicates run from the same sample 
aliquot in a single run. Linearity was assessed by diluting 
a peritoneal fluid pool with an analyte concentration near 
the upper reportable limit (or as high as the sample pool 
would allow), with a peritoneal fluid pool containing low 
concentrations of the relevant analyte to yield concentrations 

of 100%, 75%, 50%, 25%, 10%, 5%, 2.5%, 1%, and 0% of 
the original high-concentration pool. Separate pools were 
prepared for each analyte. All dilutions were tested in dupli-
cate. Linearity of IMMULITE assays for peritoneal drain 
fluid was then analysed by weighted regression. To evaluate 
recovery of cytokines, peritoneal fluid samples were spiked 
with 2–3 solutions containing different amounts of each 
respective analyte. Samples for determination of recovery 
were prepared by making stock solutions in analyte-free pro-
tein buffer matrix. Stock serum solutions were added to peri-
toneal fluid samples at a ratio of 1:20. Spiked peritoneal fluid 
samples were assayed in duplicate, and the ratios between 
observed and expected concentrations were calculated.

Data analysis

Data were analysed in R4.1 (R core team, 2017) [17] and 
graphed in Prism 9 (GraphPad Software, San Diego, Califor-
nia, USA). Biomarker thresholds were determined by max-
imising F1 scores across all timepoints. The F1 score is the 
harmonic mean between precision and recall, and is optimal 
for datasets with a large proportion of true negative patients. 
To create the 6C metric, log2 concentrations in pg/ml (CRP) 
or ng/ml (IL-6) were combined into an unweighted linear 
metric, with the boundary optimised by F1 score. Biomarker 
weighting was tested but found to not improve accuracy.

Results

Patient demographics

The study cohort comprised a total of 42 patients (22M:20F, 
median age 65). who underwent an anterior resection 
between June 2019 and June 2021. During this time period 
there were 66 patients who underwent an anterior resection. 
Recruitment was paused between March 2020 to August 
2020 because of the COVID-19 pandemic. A total of 42 
patients consented to take part in the study. Staffing avail-
ability limited the recruitment of patients, and only two 
patients declined to take part in the study. One of the 42 
patients consented and planned to undergo an anterior resec-
tion and primary anastomosis; however, as a result of surgi-
cal decision-making this patient underwent a Hartmann’s 
procedure with no anastomosis. This patient was included 
in the data owing to being recruited and having consented.

Patient demographics did not differ significantly between 
groups (Table 1). In particular, there was no difference in 
operation time or the prevalence of laparoscopic versus open 
approach to operating between the three groups.

There were a total of 77 samples collected from the 42 
patients that were suitable for analysis and included in the 
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results. This included 34, 34 and 9 samples from day 1, 2 
and 3 respectively. Missing samples were due to three main 
reasons: the drains were emptied by clinical nursing staff 
before the research team had collected the sample; the oper-
ating surgeon requested the drain removal on day 2 postop-
eratively once the sample was collected; or there was too 
small a volume of peritoneal fluid to analyse on the IMMU-
LITE platform.

Nine patients had postoperative complications; four 
patients had an AL and five had other complications includ-
ing three patients with small bowel obstruction requiring 
reoperation and two patients with significant postoperative 
bleeds. Of the four patients who had an AL, three returned 
to theatre for washout with two having the anastomosis taken 
down and end colostomy formed, and one managed with an 

endosponge over several weeks. The fourth AL was managed 
with antibiotics alone as this patient did not become systemi-
cally unwell. Thirty-three patients had uncomplicated recov-
eries. Patients who experienced post-surgical complications 
stayed on average 7 days longer in hospital than patients with 
no such complications. Hospital length of stay for patients 
with AL was increased even further (Fig. 1), demonstrating 
the cost of AL to both patient health and health providers.

Validation of drain fluid as matrix for the IMMULITE 
platform

The IMMULITE 1000 platform is currently only approved 
for plasma and serum measurements. Therefore, we first 
determined whether peritoneal drain fluid was a suitable 

Table 1  Patient demographics 
and characteristics 

a Hartmann’s procedure 
b One patient no histological presence of tumour cells (previous radiotherapy), one patient T0 (preoperative 
biopsies of high-grade dysplasia suggestive of adenocarcinoma but no presence of adenocarcinoma histo-
logically postoperatively)

Anastomotic leaks (n = 4) Other complications (n = 5) Uncomplicated 
recoveries 
(n = 33)

Age in years, mean (range) 56 (31–82) 61 (54–70) 66 (40–87)
Sex
 Male 3 2 17
 Female 1 3 16

Body mass index, mean 
(range)

32.1 (21.3–41.0) 27.1 (23.4–37.0) 27.5 (19.3–35.3)

Smoking status
 Smoker 1 0 6
 Non-smoker 3 2 21
 Ex 0 3 6

Chemotherapy
 Yes 1 1 3
 No 3 4 30

Radiotherapy
 Yes 1 1 5
 No 3 4 28

Approach
 Laparoscopic 3 4 27
 Open 1 1 6

Operation time in minutes, 
mean (range)

285 (210–390) 225 (140–320) 250 (120–435)

Defunctioning Ileostomy
 Yes 1 4 13 (1  othera)
 No 3 1 19

Tumour stage
 T1 0 1 4 (2  othersb)
 T2 0 2 6
 T3 4 2 16
 T4 0 0 5
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substrate for the chosen measurement system. Results 
were found to be robust and repeatable, with coefficients 
of variance between 2.2% and 10.3% (Table 2) showing 
that local cytokine levels can be reliably determined in 
surgical site drain fluid using this platform. This was 
confirmed by assessing linearity and range of detection 
against ELISA-based detection, and spike-recovery pro-
files (Table 3). Together, these data demonstrate that the 
IMMULITE  1000 platform is capable of consistently 
determining cytokine concentrations in surgical site drain 
fluid to clinically relevant levels of precision.

Peritoneal immune signatures after colorectal 
surgery

Analysis of the peritoneal drain fluid on the IMMULITE 
platforms demonstrated measurable amounts of the inflam-
matory biomarkers IL-1β, IL-6, IL-10, CXCL8, TNFα 
and CRP (Fig. 2). Diagnostic accuracy was high for all 
biomarkers, partly reflecting the fact that all chosen bio-
marker thresholds correctly classified 93–97% of unaf-
fected patients (Table 4: NPV). Given that this comprises 
the vast majority of patients, diagnostic accuracy was cor-
respondingly high across the entire cohort independent of 
the ability to correctly identify the small number of AL 
cases (Table 4: PPV). F1 score is an alternative measure 
of accuracy which is suitable for situations in which there 
is an imbalance between group sizes as seen in many clini-
cal studies. An F1 score ranges between 0 and 1, with a 
score of 0 indicating that at one extreme no true posi-
tive samples were successfully identified, and a score of 1 
indicating optimal performance, with all positive samples 
being correctly identified without including any false posi-
tives. We found that amongst individual biomarkers, F1 
score was highest for IL-6. This could be increased further 
by creating a log2-based derivative algorithm which gave 
equal weights to IL-6 and CRP readings (the 6C metric; 

Fig. 1  Length of hospital stay for patients undergoing colorectal sur-
gery with uncomplicated recoveries compared to those with anasto-
motic leaks (AL) or other complications. Each data point indicates 
an individual patient; horizontal lines display the group mean. Indi-
cated groups were significantly different by one-way analysis of vari-
ance (ANOVA) with Tukey’s post hoc test for multiple comparisons. 
****p < 0.0001

Table 2  IMMULITE assay precision

Within-run and within-lab precision to measure IL-1β, IL-6 and 
IL-10 was determined using the 5 × 5 design of a minimum of 5 test 
days (1 run per day) with 5 replicate measurements for each sample 
per run. Within-run precision to measure CRP, CXCL8 and TNFα 
was determined from a single sample, single run, in 10 replicates each
SD standard deviation, CV coefficient of variation, ND not done, mg 
milligrams, pg picograms
a CRP was measured in mg/L

IMMULITE assay Mean concen-
tration (pg/
ml)a

Within-run 
precision 
(repeatabil-
ity)

Within-lab 
precision

SD CV% SD CV%

IL-1β 54.7 5.5 10.0 5.62 10.3
401.4 32.3 8.1 29.78 7.4
833.9 24.5 2.9 24.08 2.9

IL-6 (1/50 dilution) 102.9 4.6 4.5 5.02 4.9
713.2 43.5 6.1 41.54 5.8

1049.6 64.0 6.1 72.18 6.9
IL-6 (1/100 dilution) 86.8 5.6 6.4 6.21 7.2

647 36.4 5.6 44.84 6.9
808.9 42.5 5.3 51.21 6.3

IL-10 28.4 1.9 6.7 1.93 6.8
235.2 10.4 4.4 11.68 5.0
674.7 18.5 2.7 32.95 4.9

CXCL8 356.7 15.2 4.3 ND ND
TNFα 206.9 4.6 2.2 ND ND
CRPa 34.3 1.9 5.5 ND ND

Table 3  IMMULITE assay linearity and precision

Linearity was analysed by weighted regression. All dilutions were 
tested in duplicate. To determine recoveries, spiked samples were 
assayed in duplicate, and observed versus expected doses were cal-
culated

IMMULITE assay Linearity Recovery (%)

IL-1β 13.35–875.7 pg/ml 92–101
IL-6 (1/50 dilution) 24.69–1002.8 pg/ml 104–110
IL-6 (1/100 dilution) 12.84–948.6 pg/ml 106–109
IL-10 28.35–666.9 pg/ml 99–107
CXCL8 31–228 pg/ml 92–109
TNFα 268–3600 pg/ml 113–114
CRP 0.1–107 mg/L 103
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Fig. 3). Indeed, the 6C metric only misclassified a single 
patient with AL. This is particularly noteworthy given 
that IL-6 and CRP would also be expected to increase 

in other (non-infectious) scenarios of inflammation. In 
addition, the 6C metric correctly classified all negative 
control patients as well as five patients with non-AL 
complications.

AL
d1
AL

d2
AL

d3

Ot
he
r d
1

Ot
he
r d
2

Ot
he
r d
3

Un
co
mp

lic
ate

d d
1

Un
co
mp

lic
ate

d d
2

Un
co
mp

lic
ate

d d
3

0

200

400

600

800

1200

IL-1β
pg

/m
l

LoD

AL
d1
AL

d2
AL

d3

Ot
he
r d
1

Ot
he
r d
2

Ot
he
r d
3

Un
co
mp

lic
ate

d d
1

Un
co
mp

lic
ate

d d
2

Un
co
mp

lic
ate

d d
3

0

50000

100000

150000

200000

IL-6

pg
/m

l

AL
d1
AL

d2
AL

d3

Ot
he
r d
1

Ot
he
r d
2

Ot
he
r d
3

Un
co
mp

lic
ate

d d
1

Un
co
mp

lic
ate

d d
2

Un
co
mp

lic
ate

d d
3

0

2000

4000

6000

8000

CXCL8

pg
/m

l

LoD

AL
d1
AL

d2
AL

d3

Ot
he
r d
1

Ot
he
r d
2

Ot
he
r d
3

Un
co
mp

lic
ate

d d
1

Un
co
mp

lic
ate

d d
2

Un
co
mp

lic
ate

d d
3

0

200

400

600

800

1200

IL-10

pg
/m

l

LoD

AL
d1
AL

d2
AL

d3

Ot
he
r d
1

Ot
he
r d
2

Ot
he
r d
3

Un
co
mp

lic
ate

d d
1

Un
co
mp

lic
ate

d d
2

Un
co
mp

lic
ate

d d
3

0

200

400

600

800

1200

TNF-α

pg
/m

l

LoD

AL
d1
AL

d2
AL

d3

Ot
he
r d
1

Ot
he
r d
2

Ot
he
r d
3

Un
co
mp

lic
ate

d d
1

Un
co
mp

lic
ate

d d
2

Un
co
mp

lic
ate

d d
3

0

20

40

60

80

100

120

CRP
m
g/
L

A B C

D E F

Fig. 2  Cytokine levels in the drain fluid of patients with AL (red), 
other complications (orange), or uncomplicated operations (blue) 
over the first 3 days post-surgery. Each data point indicates an indi-

vidual patient; boxes show interquartile range and whiskers extend 
from the 10th to 90th centiles. LoD, Limit of detection

Table 4  Discrimination 
between patients with AL and 
all other patients at day 2 post 
operation by individual markers 
and derived metrics

Measures of accuracy and effectiveness are listed in the left-hand column. Threshold values for positive/
negative: IL-1β, 320 pg/ml; IL-6, 75 ng/ml; IL-10, 300 pg/ml; CXCL8, 5900 pg/ml; CRP, 70 pg/ml; TNFα, 
400 pg/ml; 6C combined IL-6/CRP algorithm, 5.8
PPV positive predictive value, NPV negative predictive value, mg milligrams, pg picograms
*Scores for each measure above 0.95 and optimal p value
a Fisher’s exact test

IL-1β IL-6 IL-10 CXCL8 CRP TNFα 6C metric

Sensitivity 0.75 0.75 0.50 0.50 0.50 0.50 0.75
Specificity 0.79 0.96* 0.96* 0.86 1.0* 0.93 1.0*
PPV 0.33 0.60 0.67 0.33 1.0* 0.50 1.0*
NPV 0.96* 0.96* 0.93 0.93 0.94 0.93 0.97*
Diagnostic accuracy 0.79 0.94 0.91 0.82 0.94 0.88 0.97*
F1 score 0.46 0.75 0.57 0.40 0.67 0.50 0.86
Significance (p)a 0.052 0.0031 0.035 0.14 0.011 0.059 0.00081*
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Discussion

For patients undergoing a surgical colorectal resection, 
AL is a significant complication that changes the postop-
erative pathway, with increased short-term morbidity and 
mortality, and long-term reduced cancer-specific survival. 
Analysis of the peritoneal fluid of the patients included in 
this study has demonstrated that inflammatory biomarkers 
are both measurable on a commercial platform and could 
be accurate in diagnosing an AL in the early postopera-
tive period. Whilst this study has utilised the IMMULITE 
platform for the drain fluid testing, the two key markers 
of interest are available on other automated immunoas-
say platforms, such as Roche Elecsys, Beckman Coulter 
Access, widely available and routinely used in hospital 
clinical laboratories. This is the first study to show that 
drain fluid could be utilised in these widely available 
immunoassays with minimal impact on overall analytical 
performance, hence demonstrating the analysis and inter-
pretation of peritoneal fluid could be comparable to blood 
tests. Despite the samples being frozen and interpreted as a 
group in this study, in clinical practice the samples would 
not need to be frozen and could be analysed immediately 
as required by hospital laboratories, further adding to the 
clinical applicability of this study.

The use of a peritoneal drain is still a variable practice 
amongst colorectal surgeons and departments particularly 
since the widespread adoption of ERAS principles [18]. 
Previous studies, including a multicentre European col-
laborative study, have demonstrated that the placement of 

a peritoneal drain did not reduce the rate of AL or allow 
earlier detection. The use of drains was not associated with 
major complications, but did increase the rates of surgical 
site infections and increased the length of stay [19, 20]. 
Each study has focused on drain placement as a method of 
preventing ALs; however, this pilot study demonstrates that 
a short-term placement of a peritoneal drain (48 h) could 
provide accurate diagnostic capabilities, thus justifying their 
placement. There is further data that a peritoneal microcath-
eter could be used in place of a drain, which could poten-
tially minimise the adverse effects including wound infec-
tions and impact on ERAS implementation [21].

All biomarkers tested, with the exception of CXCL8, 
showed a measurable increased level in peritoneal fluid in 
those patients with AL at day 3, in agreement with previous 
published studies [11, 22]. IL-6 is an inflammatory cytokine 
which is upregulated in response to microbial pathogens but 
also tissue injury. Consequently, when measured in blood 
it is a non-specific marker of systemic inflammation [23]. 
Peritoneal IL-6 has been measured before in AL studies and 
has been proposed as a predictive marker for the presence of 
AL in patients after surgery in isolation [24]. It is broadly 
successful, with sensitivities and specificities in line with 
our measurements, but is insufficiently accurate to be used 
in isolation. In contrast, the present study shows that it can 
be combined specifically with local CRP levels derived from 
drain fluid to create an effective metric that can detect AL 
within 48 h postoperatively with high positive and negative 
predictive values.

CRP is commonly measured in blood where it is non-spe-
cifically increased in inflammatory and infective conditions, 
including in postoperative patients with no complications. 
CRP can act as an antibacterial effector which binds surface 
polysaccharides, opsonising bacteria including those that 
would be released into the peritoneum when an AL occurs, 
and activating the classical complement cascade. Systemic 
levels of CRP can be used as a negative predictive value 
of AL between 3 and 5 days postoperatively [10, 25], in 
keeping with its responsiveness to inflammation. CRP is 
commonly characterised as an acute phase protein made by 
hepatic cells in response to IL-6 and IL-1β [26]; however, 
production can also be stimulated in macrophages [27]. Our 
detection of elevated CRP in drain fluid 48 h postopera-
tively supports the hypothesis that it is produced locally in 
response to leakage of colonic content. Importantly, the dif-
ferences in drain fluid CRP levels between patients with AL 
and those experiencing inflammation due to other complica-
tions at this time point show that measuring local CRP has 
the potential to be a more specific biomarker for AL than 
systemic CRP levels.

Dual detection of blood levels of IL-6 and CRP has 
already been proposed as a combined biomarker of AL 
[28]. However, while both markers have excellent negative 
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at day  2 after surgery, using an algorithm based on local levels of 
IL-6 and CRP. Each data point indicates an individual patient; hori-
zontal lines show group mean. Dotted line indicates the threshold 
between negative and positive values
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predictive values, leading to high area under the receiver 
operating characteristic curve (AUROC) scores, positive 
predictive values for AL have remained poor so far. Our cur-
rent study shows that sampling of drain fluid has both greater 
sensitivity for AL detection than blood markers and gives 
reliable results 24 h earlier. The magnitude and early detec-
tion of the inflammatory response likely reflect the proximity 
of the fluid to the site of the inflammatory event, which is in 
agreement with studies that have shown IL-6 release from 
peritoneal membranes within 2 h of surgery [29]. Interest-
ingly, IL-10, which we found at levels averaging 200 times 
lower than IL-6, was below the level of detection in the 
same study. The use of drain fluid rather than blood could 
also potentially mitigate the general nature of IL-6 and CRP 
being increased in response to unrelated inflammatory stim-
uli, such as concurrent infections and systemic conditions. 
This has been shown to be the case in other contexts such 
as meningitis, where it was found that blood IL-6 was not 
as specific a marker as IL-6 in the cerebrospinal fluid [15].

While promising, this is a pilot study and needs to be rep-
licated with more samples in a larger study. Given the dis-
tribution of the readings, it is possible that in a larger cohort 
IL-10 or IL-1β may also prove to be useful in a combined 
metric with IL-6, and investigating whether these could add 
to the robustness of the metric will be an important next 
step to the research. The patient cohort measured in the pre-
sent study was also limited to those undergoing an anterior 
resection, and results were not stratified on tumour location 
in relation to the peritoneal fold or the distance of tumour/
anastomosis from the anal verge. Without the inclusion of 
all pathologies (e.g. cancer and inflammatory bowel disease) 
and all colonic resections, it is difficult to assess the applica-
bility of the results to all types of anastomosis and patients. 
However, this is the first study to indicate a sensitive and 
specific marker for AL before clinical manifestation.

The impact of an earlier diagnosis of an AL is hard to 
predict at present, and further research is needed into the 
best management strategy for patients who are predicted to 
develop an AL. However, an accurate method to diagnose 
and thus the ability to intervene and reduce the need for 
a defunctioning ileostomy, with its associated morbidity 
and need for reversal, is likely to ameliorate the risk of AL-
related complications before the development of systemic 
sepsis and improve the patient’s pathway.

Conclusion

This pilot study shows that is possible to measure perito-
neal biomarkers in surgical drain fluid and utilise a com-
bined metric to detect AL within 48 h of an anterior resec-
tion, using instrumentation that is widely available in large 

hospitals. The rapid detection of AL will allow further 
research into early interventions, which should improve 
patient outcomes including reduction in length of stay, 
reduced mortality and morbidity and long-term cancer 
survival.
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