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Abstract

Purpose Anastomotic leak (AL) in colorectal surgery leads to
significant morbidity, mortality and poorer oncological out-
comes. Diagnosis of AL is frequently delayed as current
methods of detection are not 100% sensitive or specific.
‘Biomarkers’, such as cytokines and markers of ischaemia,
from the milieu of the anastomosis may aid early detection.
This paper aims to review the evidence for their role in AL
detection, allowing identification of targets for future research.
Methods A systematic review was performed using PubMed,
MEDLINE and Cochrane Library databases. Papers
concerning detection or prediction of AL with biomarkers
were identified. References within the papers were used to
identify further relevant articles.

Results Research has taken place in small cohorts with vary-
ing definitions of AL. Lactate has consistently been shown to
be elevated in patients with intra-abdominal complications
and ALs. pH on post-operative day 3 showed excellent spec-
ificity. Despite mixed results, a meta-analysis found that the
cytokines tumour necrosis factor-« and interleukin-6 were
elevated early in AL. Detection of bacteria in drain fluid by
RT-PCR has good specificity but a high rate of false positives.
Conclusions Peritoneal cytokines, lactate and pH have the
potential to identify AL early. The consistency of the results
for lactate and pH, alongside the fact that they are easy, quick
and inexpensive to test, makes them the most attractive
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targets. Studies in larger cohorts with standardized definitions
of AL are required to clarify their usefulness. Emerging bio-
sensor technology may facilitate the development of small,
low-cost and degradable intra-abdominal devices to measure
peritoneal fluid biomarkers.
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Introduction

Anastomotic leak (AL) in colorectal surgery potentially leads
to significant morbidity, mortality and suboptimal oncological
outcomes. The incidence of AL is variable ranging from 1 to
30% [1] depending on the anatomical location of the anasto-
mosis, and low extraperitoneal anastomoses have a higher risk
of AL [2]. Early detection is crucial as instigation of prompt
treatment leads to reductions in morbidity and mortality and
consequently improved patient outcomes.

Currently, there is no reliable test to accurately detect AL.
Serial measurement of clinical observations combined with
blood markers, such as C-reactive protein, has low specificity
as many patients who make an uncomplicated recovery have
abnormalities of these parameters at some stage during their
recovery [3]. If AL is suspected, commonly, a contrast-
enhanced computed tomographic (CT) scan is performed
which can again be inconclusive. First, in the early stages, a
leak may be too subtle to be identified. Second, a leak can be
difficult to distinguish from early post-operative changes re-
lying upon the experience and interpretation of the radiologist.

Given these limitations, new strategies to detect AL are
required. One such strategy is the measurement of biomarkers
(e.g. cytokines, matrix metalloproteinases (MMPs), lipopoly-
saccharides (LPS, a marker of bacteria) and markers of ischae-
mia such as lactate) in the immediate environment of the
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anastomosis by sampling peritoneal fluid. These local bio-
markers reflect conditions in the milieu of the anastomosis
and have the potential to detect AL earlier and with great-
er specificity than current methods. In 2008, Komen et al.
suggested the criteria for biomarkers of AL in peritoneal
fluid [4] (Table 1).

This review aims to appraise the current evidence base into
local biomarkers of AL allowing the identification of the most
promising emerging biomarkers and discussion of their limi-
tations and future potential clinical role.

Methods

A systematic review of the literature was carried out in accor-
dance with the PRISMA statement [5]. A literature search was
performed on the 7th of January 2016 in the following data-
bases: Embase (1947-7th January 2016), PubMed/
MEDLINE (1st January 1948—7th January 2016) and
Cochrane Library (1st January 2005—7th January 2016). The
search terms used were as follows: (colorectal OR gastroin-
testinal) AND (anastomotic OR anastomosis) AND (biomark-
er OR marker OR indicator OR predict) AND (leak OR leak-
age OR integrity). The bibliographies of the articles retrieved
were reviewed to identify additional relevant studies not re-
trieved in the initial search.

To be included, studies had to meet the following criteria:
written in the English language, involving human studies,
submitted as full papers and focusing on the creation of colo-
rectal anastomoses. Studies were excluded if they focused on
risk factor identification, prevention, management or out-
comes of AL.

After removal of duplicates, 257 English language articles
were initially retrieved. After initial screening, 20 articles
remained for full text review, following which 7 studies were
excluded. This left 13 studies for inclusion in the descriptive
analysis (Fig. 1).

Results

The 13 biomarker studies were grouped into four categories:
ischaemia, bacterial infection, inflammation (cytokines) and
wound repair (MMPs).

There is a wide heterogeneity in the study populations, end
points analysed and definitions of AL. Several studies looked
only at anterior resections for colorectal cancer [6-9], whereas
others included benign colorectal conditions [10—13] and even
patients undergoing abdominal aortic aneurysm (AAA) repair
[11] and cholecystectomy [12]. Most studies were in the elec-
tive setting but some encompassed emergency trauma cases
[13]. The majority used AL as the end point, but others, such
as Horer et al. [11] and Alonso et al. [14], included AL in a
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Table 1 Komen et al. criteria for a biomarker of AL [4]

Suggested criteria for a biomarker of AL in peritoneal fluid:

Significant change in biomarker concentration in anastomotic leakage

Stability of the biomarker in the peritoneal environment and drain fluid

Biomarker level not influenced by the primary disease

Biomarker with sufficient sensitivity and specificity for anastomotic
leakage

Biomarker allows for easy, fast and cheap real-time testing

broader category of ‘major or infective complications’. The
definition and diagnosis of AL varied widely (see Tables 2, 3,
4 and 5). No two studies used the same definition and some
did not provide a definition (e.g. [11, 12, 16, 19, 22]). Most
relied upon a clinical suspicion to direct further investigations
such as endoscopy, radiological imaging or rectal examination
to confirm a leak. In contrast, one study routinely imaged on
post-operative day (POD 6) and ‘clinical’ and ‘subclinical’
leaks (detected only on imaging and not needing specific treat-
ment) were analysed together [8]. One study specifically stat-
ed that fistulas were not considered to represent AL [7]. The
wide variability in the definition is not unique to this group of
studies. A 2001 review of 97 studies identified 56 different
definitions of AL [25]. In the 13 papers, the severity of the
leaks was not always clear, and neither the type of intervention
used was required nor whether those requiring operative ver-
sus non-operative management were analysed together.

Biomarkers of ischaemia

Seven studies have looked at biomarkers of ischaemia mea-
sured either by microdialysis or in peritoneal drain fluid
(Table 2). The principle of this approach is that ischaemia at
the anastomosis or in nearby bowel increases the risk of a leak
[26, 27]. In the presence of adequate oxygen, glycolysis pro-
ceeds via the Krebs cycle and glucose is converted to pyruvate
with a high output of adenosine triphosphate (ATP). If oxygen
supply is poor, ATP is generated via the less efficient anaero-
bic pathway whereby pyruvate is reduced to lactate.
Consequently, in an ischaemic environment, lactate rises and
pyruvate falls accompanied by accumulation of carbon diox-
ide so pH decreases. The balance of aerobic/anaerobic metab-
olism can be measured by the lactate/pyruvate ratio (LP ratio)
with an increased ratio indicating an ischaemic environment.
Lactate and other markers of ischaemia can be measured in
peripheral blood but they lack specificity in detecting AL [28].

Several studies used microdialysis [6, 7, 10, 11]. This
technique has been previously used to study tissue is-
chaemia [29]. It involves inserting very small probes
with dialysis membranes into the operative field at the
end of a procedure. Fluid flows through the circuit con-
stantly allowing measurement of analytes including lac-
tate and pyruvate. Trials in animal models of intestinal
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Fig. 1 PRISMA flow diagram

ischaemia showed that increased lactate and LP ratios

were reliable markers of local ischaemia [30, 31].

Additional records
identified through
other sources
(n=14)

Records excluded

(n=237)

Full text articles

-4 excluded (n=7): 3 intra-
op techniques; 3
systemic markers of AL;
1 oesophageal

anastomoses

Matthiessen et al. [6] measured LP ratio and glucose for
6 days following anterior resections in 23 patients. Four ‘early
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leaks’ on PODs 2—-14 and three ‘late leaks’ on PODs 18-22
were analysed together as a ‘leak group’. LP ratios on PODs 5
and 6 were significantly higher in those with AL, and glucose
was not significantly different. However, as the numbers were
low, it was not possible to determine cut-off levels for LP ratio
to indicate the likelihood of a leak. Pedersen et al. [ 7] looked at
45 low anterior resections. In one AL on POD 3, lactate levels
were significantly increased 18 h before the onset of symp-
toms, and LP ratio became significantly elevated at the onset
of symptoms. Three other patients developed a leak at day 10
or later. LP ratio and lactate levels were significantly increased
compared to controls throughout the first 5 days following
surgery [7]. Daams et al. [10] measured lactate, pyruvate,
glycerol and glucose every 4 h for 96 h in 24 patients under-
going left-sided colorectal anastomoses. In three patients with
ALs, median intra-peritoneal lactate levels but not LP ratio
were significantly higher. There appeared to be spikes in lac-
tate prior to POD 3 in the leak group but cut-off values were
not described. It is important to note that two of the leaks
occurred early at PODs 4 and 5, and the third was said to have
occurred at POD 97 but the three were grouped together.
Horer et al. [11] had similar findings, and they noted that
increased LP ratio and decreased glycerol levels were associ-
ated with ‘major intra-abdominal complications’. However,
this was in a varied cohort including colorectal anastomosis,
AAA repair, gastric procedures and cholecystectomy.

Bini etal. [12] looked at lactate via peritoneal drain fluid on
POD 4 in patients who met all four of the following criteria:
pyrexia (>38.3), raised white cell count (>12), delayed pas-
sage of flatus (>72 h) and abdominal pain. A peritoneal/serum
lactate level >4.5 or a peritoneal lactate level >9.1 was signif-
icantly associated with post-operative complications requiring
intervention (ALs were included in this group). However, this
selection bias with no control group limits the interpretation of
these findings.

Two studies investigated pH as a biomarker. In the first
study, a catheter was sited intraluminally just above the anas-
tomosis and pH measured via tonometry (a non-invasive
method to measure intramucosal pH in hollow organs). All
patients were imaged on POD 6 and “clinical’ and ‘subclini-
cal’ leaks analysed together in a ‘leak group’. The ‘leak group’
had a significantly lower pH. A pH <7.28 yielded a specificity
of 98.3% but sensitivity was only 28.1% [8]. Yang et al. [9]
measured the pH of fluid collected from peritoneal drains up
to POD 12 following rectal surgery in 753 patients. There
were 57 leaks (7.6%) on PODs 612 requiring surgical inter-
vention, and subclinical leaks were not included. pH was sig-
nificantly lower in patients who leaked. pH <6.978 on POD 3
showed excellent sensitivity (98.7%) and specificity (94.7%).
However, no confidence intervals or ranges were provided so
it is difficult to know how much overlap there is between
groups. The authors highlight that a decline in pH was seen
in all patients prior to detection of an AL.

Overall, of the biomarkers of ischaemia, lactate and pH
emerge as the best candidates for further research. Most stud-
ies measured lactate by microdialysis [6, 7, 10, 11] which is
expensive, labour-intensive and technically challenging (e.g.
nine technical failures in [10]). In contrast, measurement of
lactate from peritoneal drain fluid may provide a quick, easy
and inexpensive alternative. The stability of lactate and pH in
peritoneal drainage fluid needs to be addressed. The stability
of these biomarkers in peritoneal fluid has not been explored,
but it has been shown that lactate levels rise in blood if there is
a delay in analysis [32]. It would therefore be pertinent to
address this issue in peritoneal fluid.

Biomarkers of bacterial infection

This approach is based upon the principle that if the colorectal
anastomosis breaks down bacteria, which are normally
contained within the bowel, lumen spills into the peritoneal
cavity. Four studies explored whether detection of intra-
peritoneal bacteria and its quantitative assessment could aid
early detection of AL (Table 3).

Fouda et al. [17] looked at intra-peritoneal bacterial colo-
nization in peritoneal drain fluid samples from 56 low anterior
resections on PODs 1, 3 and 5. Eight ALs were ‘detected
clinically’ and confirmed on imaging. Escherichia coli,
Bacteroides and Pseudomonas were cultured significantly
more often on PODs 1, 3 and 5 and Klebsiella on PODs 3
and 5 in patients with AL. However, specificity was low as
there were several false positives with all four bacteria detect-
ed in patients without an AL.

The time delay in growing cultures limits its applicability
and usefulness as a rapidly analysable biomarker. This was
addressed in a pilot study of 17 patients using real-time PCR
(RT-PCR). Peritoneal drain fluid was sampled daily up to
POD 5 using Es. coli and Enterococcus faecalis as indicator
organisms. RT-PCR results were fully concordant with micro-
biological cultures. However, the technique lacked specificity
as there were four false positive results [16]. The authors
progressed to a multicentre study of 243 patients undergoing
elective left-sided colonic anastomosis. There were 19 leaks
(7.8%) on mean POD 6 (2-26 days). Es. coli concentration
was significantly increased on PODs 4 and 5 and En. faecalis
on PODs 2, 3 and 4 in those with AL. En. faecalis on POD 3
achieved the best results with a sensitivity and negative pre-
dictive value of 92.9 and 98.7%, respectively. The diagnostic
odds ratio was 31.6 but specificity and positive predictive
value were only 70.9 and 30.2%, respectively [18]. Despite
the large number of false positives, the study demonstrated
that the absence of En. faecalis on day 3 could potentially
exclude AL.

In 1996, Junger et al. [15] looked at peritoneal drain LPS
levels (a component of the outer wall of gram-negative bacte-
ria) in 22 patients. LPS levels were significantly elevated in
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three patients with AL. However, two of these patients had
surgery for perforated sigmoid diverticulitis, so levels may
have been elevated due to pre-existing bacterial contamina-
tion. LPS has not been explored again.

Overall, bacterial biomarkers for AL may have some utility
in acting as a ‘rule-out’ test for AL. Whilst RT-PCR for bac-
teria offers fast, real-time testing, it is not commonly per-
formed in most hospital laboratories which may limit its
usefulness.

Biomarkers of inflammation (cytokines)

Seven studies have explored the measurement of peritoneal
cytokines to detect AL (Table 4). Cytokines are glycoproteins
involved in regulating inflammation and are thought to be the
main mediators of the systemic inflammatory response to sep-
sis [33-36]. Peritoneal cytokine levels are elevated compared
to serum cytokine levels after major abdominal surgery and in
peritonitis [13, 37, 38].

There is wide heterogeneity in the type of operations per-
formed, underlying pathology and definitions of AL. In addi-
tion, most involved small cohorts and measurements of
peritoneal cytokines have been taken at varying times
and frequencies from every 4 h for 2 days [6] to once
daily for 7 days [19].

TNFa

Herwig et al. [13], Ugras et al. [20] and Matthiessen et al. [6]
found that TNFa was significantly higher on POD 1 in patients
who developed an AL. However, no cut-off value could be
established to give an estimate of risk and confidence intervals
overlapped in each group. Fouda et al. [17] and Yamamoto
et al. [21], which contained the largest sample of patients
(n = 100), found TNFa did not reach statistical significance
until POD 3. Both also noted that TNFa decreased significant-
ly from PODs 1 to 3 in patients who did not develop a leak
[17, 21]. In contrast, Bertram et al. [19], who used a similar
methodology, looked at TNFa levels for 7 days in 25 patients
and found that TNFa was not helpful in predicting AL.

IL-6

Ugras et al. [20], Herwig et al. [13], Matthiesen et al. [6] and
Fouda et al. [17] all found IL-6 to be significantly higher in
patients who developed an AL from POD 1; however,
Yamamoto et al. [21] demonstrated no significant difference
until POD 3 and Bertram et al. [19] found no difference in IL-
6 levels at anytime in the first 7 days post-op.

A more recent case-control study [14] looked at IL-6 levels
on PODs 2 and 4 in 60 patients after various colorectal resec-
tions. Thirty leaks and intra-abdominal abscesses were
grouped into an ‘infection’ category and compared to 30

controls with an uncomplicated recovery. I1L-6 was signifi-
cantly higher on both days in the ‘infection group’. They did
not state how or when the leaks were detected.

Other cytokines

Of the other cytokines studied, the pro-inflammatory IL-1b
was found to be significantly elevated on POD 3 [13, 21]
and the anti-inflammatory IL-10 on POD 1 in patients who
developed an AL [6, 17, 20].

Overall, despite some conflicting results, a meta-analysis
(which did not include Alonso et al. [14]) found that IL-6 and
TNF were significantly raised from PODs 1 to 2, respectively,
in those who developed a leak [39]. Studies with larger sample
sizes and better standardization of definitions and sampling
protocols are required to clarify their role.

Biomarkers of wound repair (MMPs)

MMPs are zinc-dependent enzymes responsible for tissue
turnover by extracellular matrix degradation. Tissue inhibitors
of metalloproteinase (TIMPs) are the natural inhibitors of
MMPs. The balance of MMPs and TIMPs is involved in
physiological and pathological processes including inflamma-
tion [40]. Three papers, with wide variation in study popula-
tion, sampling frequency and end points, explored peritoneal
MMPs and TIMPs (Table 5).

Pasternak et al. [23] measured MMP-1, MMP-2, MMP-3,
MMP-7, MMP-8, MMP-9 and MMP-13 once at 4 h after low
anterior resections in 30 patients. Five early leaks between
PODs 2 and 13 and five late leaks between PODs 13 and 41
were analysed together. Only MMP-8 and MMP-9 were sig-
nificantly elevated in the AL group.

Baker and Leaper [22] measured MMP-1, MMP-3, MMP-
8, MMP-9, TIMP-1 and TIMP-2 for 7 days after various co-
lorectal anastomoses in 58 patients. The end point was ‘major
complications’ which included AL. Levels of MMP-2 (day 3),
MMP-2 (day 6) and MMP-9 (days 6 and 7) were positively
correlated with complications, whereas TIMP-2 (days 2 and 3)
and TIMP-1 (day 7) were negatively correlated. Only MMP-9
was significantly elevated in both studies. However, Kostic
et al. [24], who looked specifically at MMP-9 on PODs 1,
3, 5 and 7 in 150 patients undergoing elective left-sided
colorectal resections (with 15 clinically detected ALs),
found that levels were not significantly different to those
without a leak. The inconsistent results for MMPs limit
their usefulness in future research.

Potential clinical applicability
Peritoneal drainage following colorectal surgery used to be

routine but this is now debated. A Cochrane review of six
RCTs found no reduction in rates of AL when a drain was
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" a é :é 24938 S8 %ﬁ drain is at the discretion of the surgeon. This makes it unlikely
:8 8 c &% 8 et é .- 2 2 gE that measurement of lactate and pH from drains would gain
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g a ?:_ % = E 3 % x g = > & widespread acceptance as a means to detect AL. However, the
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S § =z E - § 5z % ~ future may lie in the use of biosensor technology. Screen-
5 ~ printed sensors can be created at a low cost and are capable
= e El of measuring samples with volumes as small as several
g § = é § o microlitres [42]. Creation of such a sensor for lactate/pH is a
%% 2 = = % il realistic aim. This could be incorporated into a tiny removable
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£ g g £ the anastomotic environment. It is to be hoped that the devel-
g i g ?-2 opment of this technology may ultimately allow the wide-
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2 E S k= @ P g rzn measuring lactate and pH in the peritoneal fluid surrounding
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S E 8§ g% gﬁ g'c Sa an anastomosis and thus provide early recognition of AL lead-
=EE S s . - = ing to significant reductions in patient morbidity and mortality.
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i 528 % & a8 Peritoneal cytokines, lactate and pH have the potential to iden-
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© . = = tify AL early. The consistency of the results for lactate and pH,
5 alongside the fact that they are easy, quick and inexpensive to
S % test, makes them the most attractive targets. In addition to
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- clarifying their stability in peritoneal fluid, future studies
“ B should aim to use a homogenous study population with a
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2 standardized AL definition.
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