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Abstract

Introduction C-reactive protein may predict anastomotic complications after colorectal surgery, but its predictive ability may
differ between laparoscopic and open resection due to differences in stress response. Therefore, the objective of this study was to
perform a systematic review and meta-analysis on the diagnostic characteristics of C-reactive protein to detect anastomotic leaks
and infectious complications after laparoscopic and open colorectal surgery.

Methods A systematic review was performed according to PRISMA. Studies were included if they reported on the diagnostic
characteristics of postoperative day 3—5 values of serum C-reactive protein to diagnose anastomotic leak or infectious compli-
cations specifically in patients undergoing elective laparoscopic and open colorectal surgery. The main outcome was a composite
of anastomotic leak and infectious complications. A random-effects model was used to perform a meta-analysis of diagnostic
accuracy.

Results A total of 13 studies were included (9 for laparoscopic surgery, 8 for open surgery). The pooled incidence of the
composite outcome was 14.8% (95% CI 10.2—-19.3) in laparoscopic studies and 21.0% (95% CI 11.9-30.0) for open. The pooled
diagnostic accuracy characteristics were similar for open and laparoscopic studies. However, the C-reactive protein threshold
cutoffs were lower in laparoscopic studies for postoperative days 3 and 4, but similar on day 5.

Conclusions The diagnostic characteristics of C-reactive protein in the early postoperative period to detect infectious complica-
tions and leaks are similar after laparoscopic and open colorectal surgery. However, thresholds are lower for laparoscopic surgery,
suggesting that the interpretation of serum CRP values needs to be tailored based on operative approach.

Keywords Colorectal surgery - Anastomotic leak - Diagnostic accuracy - C-reactive protein

Introduction

Anastomotic and infectious complications after colorectal sur-
gery are common and result in significant morbidity and
healthcare resource utilization." 2 Furthermore, these compli-
cations also affect cancer outcomes, as patients who
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experience such postoperative morbidity are more likely to
have worse long-term oncologic outcomes.” Patients with se-
vere infections, which can include organ-space surgical site
infections or sepsis, are at particularly high risk.’

Early recognition of these complications may result in im-
proved outcomes.” Serum inflammatory markers, most nota-
bly C-reactive protein (CRP) and procalcitonin, may be help-
ful to detect presence of surgical site infections prior to the
development of clinical symptoms.s’7 Previous studies have
reported different CRP thresholds to detect anastomotic leak
or infectious complications in the first few postoperative days
with acceptable diagnostic accuracy.ﬁ’ " However, it is unclear
whether previously described CRP thresholds and diagnostic
accuracy are altered based on surgical approach. Laparoscopic
surgery is associated with less surgical trauma than the open
approach, which subsequently results in a lower systemic
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inflammatory response.g’ % Thus, levels of acute phase reac-
tants such as serum CRP are lower after laparoscopic com-
pared with open surgery.w’ ! Therefore, the objective of this
study is to perform a meta-analysis of the diagnostic accuracy
of serum CRP to detect infectious complications and anasto-
motic leakage in patients undergoing laparoscopic versus
open colorectal surgery.

Materials and Methods
Search Strategy

A systematic literature search of all English- and French-
language articles published up to May 15, 2018, was conduct-
ed according to the PRISMA guidelines.IZ The Medline,
Embase, CENTRAL, DARE, PubMed, Scopus,
ClinicalTrials.gov, and WHO International Clinical Trials
Registry Platform databases were queried. The systematic
search terms and strategy are shown in Table 1. In adherence
with the PRISMA guidelines, two independent reviewers (TP,
AZ) performed a primary screen of title and abstracts.
Disagreements were addressed by discussion between the
two reviewers. Residual disagreements were resolved by a
third author (LL). Following primary screening, the
remaining studies underwent full-text analysis and data ex-
traction using a pre-determined datasheet. Full-text articles
were included if they reported on the diagnostic characteristics
(CRP threshold, sensitivity, and specificity) of postoperative
day 3-5 values of serum CRP to diagnose anastomotic leak or
infectious complications, specifically in patients undergoing
elective laparoscopic and/or open colorectal surgery. Studies
were excluded if CRP diagnostic characteristics could not be
differentiated between laparoscopic and open cases, if CRP

Table 1 Detailed search strategy using a combination of medical
subject headings (MESH) terms and keywords, divided into search
categories

C-reactive protein

C-Reactive Protein/ OR (c-react*-protein* or creacti*-protein*).tw,kf OR
CRP.tw,kf

Colorectal surgery

Colorectal surgery/ OR Rectal Disease/su [Surgery] OR Colonic
Disease/su [Surgery] OR Rectum/su [Surgery] OR Colon/su [Surgery]
OR ((colon* or colorectal or colo-rectal or ileocecal or ileo-cecal or
rectal or rectum or sigmoid) adjS (surg* or resect*)).tw,kf OR
(colectom* or hemicolectom*).tw,kf

Anastomotic leak/infectious complications

Anastomosis, Surgical/ OR Anastomotic Leak/ OR anastomo*.tw,kf OR
exp. Postoperative Period/ OR Postoperative Care/ OR postoperative
complications/ OR (postoperativ* or postsurg*).tw,kf OR ((after or
following or post) adj3 (procedure* or resect* or surg*)).tw,kf

was used to diagnose non-infectious complications, or if there
were insufficient data to calculate diagnostic characteristics.
The protocol was registered a priori with PROSPERO
(CRD42018097270). The EndNote 8 software (Clarivate
Analytics, Philadelphia, PA) was used to manage references,
duplication removal, and facilitate primary and secondary
screening analysis.

Data Extraction and Synthesis

Details recorded included study design, study population and
operative characteristics, CRP threshold and diagnostic char-
acteristics (sensitivity, specificity, positive and negative likeli-
hood ratios) for the main outcomes on postoperative days 3 to
5 based on surgical approach, and incidence of anastomotic
leak and/or infectious complications. Study quality was
assessed using the Methodological Index for Non-
Randomized Studies (MINORS) instrument for observational
studies.” The MINORS instrument includes 12 items that are
each scored as 0 (not reported), 1 (reported but inadequate), or
2 (reported and adequate), and is scored over a range of 0 to
24. Further quality assessment was determined if the appro-
priate statistical analyses were performed to determine serum
CRP cutoffs for study outcome, and categorized as “yes” if a
receiver operating characteristics (ROC) curve with Youden’s
index or the graphical method was done for each postopera-
tive day and subsequent diagnostic accuracy characteristics
calculated based on this cutoff.

The main outcome for meta-analysis was a composite of
anastomotic leak and infectious complications. CRP thresh-
olds on postoperative days 3 to 5 were pooled using geometric
means. Serum CRP is an acute phase reactant and is expected
to peak on postoperative days (POD) 2-3, suggesting it would
be most clinically useful at POD 3 and beyond.]4 A random-
effects model was used to perform a meta-analysis of diagnos-
tic accuracy characteristics (area under the curve (AUC), sen-
sitivity, specificity, and positive and negative likelihood ra-
tios). This method was chosen because we anticipated impor-
tant heterogeneity in study population and surgical character-
istics (i.e., studies would include a subject population with
mixed indications for surgery such as colorectal malignancy,
inflammatory bowel disease, and other benign conditions, as
well as report results for both colon and rectal procedures).15
Heterogeneity was assessed using the /* statistic. The AUC
calculates the area under the receiver operative characteristics
curve (plot of sensitivity versus 1-specificity) and represents a
global measure of diagnostic accuracy, with a value of 1 sig-
nifying a perfect test and 0.5 representing a non-
discriminatory test.” Summary ROC (SROC) plots were cre-
ated to visually graph the summary point showing summary
sensitivity and specificity, confidence contour showing the
95% confidence region for the summary point, and the hier-
archical model SROC curve. The number needed to diagnose
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(NND) was calculated as 1 / (sensitivity + specificity — 1) and
number needed to predict (NNP) as 1 / (positive predictive
value (PPV) + negative predictive value (NPV) — 1), using
the pooled sensitivity, specificity, PPV, and NPV." Statistical
analysis was performed using the METANDI (meta-analysis
for diagnostic criteria) and MIDAS (meta-analytical
integration of diagnostic accuracy studies) software packages
in STATA 15.1 (StataCorp, College Station, TX).

Results

A total of 1070 unique citations were identified in the
systematic literature search, of which 166 studies
underwent full-text review and 13 were included for
meta-analysis (Fig. 1). There were 9 studies reporting di-
agnostic characteristics after laparoscopic surgery, and 8
for open surgery (Table 2). There were five prospective
trials.” 2" 2* 27 Routine serum CRP measurements were
performed in nine of the included studies. The median

sample size in the laparoscopic studies was 160 (Ql
134, Q3 253) and 367 (Q1 225, Q3 589) in open studies.
The pooled incidence of the composite outcome was
14.4% (95% CI 10.0, 18.8) in laparoscopic studies and
15.7% (95% CI 8.3, 23.2) for open. Only one study re-
ported diagnostic characteristics specifically for
proctectomy.28 The overall incidence of inflammatory
bowel disease in the included studies was low (Table 2).
The median quality score was 12 (Q1 10, Q3 14) and
seven studies did not perform or adequately describe the
appropriate statistical analysis in determining serum CRP
cutoffs for the main outcome (Table 2).

Diagnostic characteristics for serum CRP to detect the
composite outcome were reported more frequently for POD
3 and 4 in both laparoscopic and open groups (Table 3). The
pooled serum CRP thresholds were lower in the laparoscopic
group forall POD 3-5 (Table 4). The pooled diagnostic char-
acteristics were similar for both groups regardless of the
POD. The summary ROC curves for both laparoscopic and
open groups on POD 3-5 are shown in Figs. 2, 3, and 4.

Fig. 1 PRISMA diagram for the

systematic literature search and
review
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Original Database Searches (up to May 15, 2018)
Medline (n=450)

Embase (n=1104)

CENTRAL (n=127)

DARE (n=4)

Scopus (n=369)

ClinicalTrials.gov (n=36)

WHO ICTRP (n=6)

TOTAL N = 2096

P Duplicates removed (n=1026)

y

Title and abstract screening (n=1070)

Y

Articles for full-text review (n=166)

Insufficient data (n=68)
No CRP reported (n=32)

Language (n=9)
———p»| No full-text (n=7)
Duplicate data (n=5)

Non-serum CRP levels (n=4)
Non-colorectal surgery (n=3)
Non-human (n=1)

Full-text articles excluded (n=153)

Combined laparoscopic/open data (n=19)

No infectious complications/leak data (n=>5)

y

Articles included for meta-analysis (n=13)
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Table 3

open groups. Values reported are for infectious complications unless otherwise specified

Diagnostic characteristics of CRP for the composite outcome (infectious complications or leak) by postoperative day for laparoscopic and

Postoperative day 3

Postoperative day 4*

Postoperative day 5

Threshold* AUC  Sens Spec  Threshold* AUC Sens Spec  Threshold* AUC Sens Spec

Adamina 2014"

Laparoscopic 159 0.71 069 073 56 0.78 1.00 049 46 0.64 086 0.83
Facy 2017"

Laparoscopic - - - - 100 0.84 0.75 070 - - - -

Open - - - - 100 0.75 071 061 - - - -
Mik 2018”

Open (leak only) - - - - 180 0.83 075 091 - - - -
Munoz 2018

Laparoscopic 163 0.88 085 080 - - - - - - - -

Laparoscopic (leak only) 163 0.84 085 080 - - - - - - - -
Nason 2014~

Laparoscopic 148 084 086 077 121 - 081 076 106 - 0.81  0.80
Pedersen 2012”

Laparoscopic 200 - 068 074 - - - - - - - -
Pedrazzani 2017

Laparoscopic 120 - 058 077 - - - - - - - -
Platt et al. 2012

Open 170 080 074 075 - - - - - - - -

Open (leak only) 190 084 077 080 125 0.83 077 076 - - - -
Ramanathan 2015

Laparoscopic 180 074 071 079 140 072 071 072 - - - -

Open 180 0.75 071 0.61 140 078 075 074 - - - -
Ramos Fernandez 2017

Laparoscopic (leak only) - - - - 67 091 .00 090 - - - -

Open (leak only) - - - - 159 086 0.75 089 - - - -
Welsch 2007

Open 140 088 0.80 0.81 140 088 054 092 - - - -
Waterland 2016~

Laparoscopic (leak only) 123 0.71 081 0.60 91 0.71 087 058 117 0.61 0.57  0.68

Open (leak only) 209 079 080 080 124 0.81 094 060 131 0.85 0.94  0.68
Warschkow 2011"

Open 185 069 054 078 123 076 0.66 0.77 83 0.67 056 0.70

Open (leak only) 200 066 058 0.75 143 077 075 071 85 0.69 069 0.64

*Threshold serum CRP expressed in mg/L

AUC, area under the receiver operating characteristics curve; Sens, sensitivity; Spec, specificity

Discussion

Infectious complications and anastomotic leak after colorectal
surgery are morbid and can significantly affect both short- and
long-term outcomes in patients with colorectal cancer.” > Past
studies and reviews have suggested that serum CRP may be
used to screen for these complications.ﬁ However, the baseline
systematic inflammatory response may be affected by surgical
approaches, laparoscopic versus open, thus affecting

@ Springer

interpretation of serum CRP." This systematic review and
meta-analysis pooled 13 studies reporting diagnostic accuracy
of serum CRP after laparoscopic and open colorectal surgery.

The diagnostic accuracy characteristics of serum CRP were
comparable between laparoscopic and open colorectal sur-
gery, but serum CRP thresholds were lower for laparoscopic
surgery. Pooled AUC and sensitivity were largely similar
across all three postoperative days between the two ap-
proaches, but pooled specificity was lower in the open group.
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Table 4 Summary diagnostic characteristics for CRP to predict the composite outcome (infectious complications or leak) on postoperative days 3—5 for laparoscopic and open procedures

P (p value®) NND NNP

Pooled NPV
(95% CI)

Pooled Sensitivity Pooled Specificity Pooled + LR Pooled — LR  Pooled PPV

(95% CI)

Pooled AUC
(95% CI)

N CRP threshold

(95% CI) (95% CI)

(95% CI)

(95% CI)

(mg/L) (95% CI)

POD 3

4.8

34

98% (p <0.001)

0.62 (0.49, 0.70)
0.58 (0.40, 0.76)
0.66 (0.63, 0.69)

0.59 (0.49, 0.75)
0.55 (0.42, 0.69)
0.66 (0.63, 0.69)

05(0.3,0.8)
0.6 (0.3, 1.4)

1.7 (0.8, 3.5)
1.4 (0.5, 3.6)

2.7(2.1,3.4)

0.58 (0.27, 0.84)
0.51 (0.11, 0.89)
0.74 (0.67, 0.79)

0.71 (0.61, 0.80)
0.68 (0.51, 0.82)
0.71 (0.63, 0.78)

0.72 (0.68, 0.76)
0.68 (0.63, 0.72)
0.77 (0.73, 0.80)

5 175.3 (146.1, 210.3)
Leak only 3 194.4 (165.8, 228.0)
Laparoscopic 6 154.8 (124.9, 191.9)

Open
POD 4

53
22

98% (p <0.001)

3.1

0.051)

56% (p

0.4 (0.3, 0.5)

2.7
24
2.7

1.9
1.8
2.0

92% (p <0.001)

0.67 (0.62, 0.72)
0.70 (0.64, 0.76)
0.70 (0.66, 0.75)

0.70 (0.65, 0.75)
0.71 (0.66, 0.77)
0.67 (0.62, 0.71)

0.4 (0.3, 0.5)

3.6(2.2,5.6)
39(25,6.2)

2.7(2.0.3.7)

0.80 (0.68, 0.88)
0.80 (0.69, 0.88)
0.70 (0.58, 0.79)

0.72 (0.62, 0.80)
0.77 (0.64, 0.86)
0.81 (0.71, 0.88)

0.81 (0.77, 0.84)
0.85 (0.82, 0.88)
0.83 (0.79, 0.86)

7 135.8 (113.8, 162.1)
Leak only 5 140.3 (112.7, 174.8)
Laparoscopic 6 91.3 (63.5, 131.5)

Open
POD 5

89% (p <0.001)

0.3(0.2,0.5)
0.3(0.2,0.4)

=0.006)

77% (p

29
4.0

2.4

0.003)
0.103)

80% (p

0.69 (0.66, 0.71)
0.63 (0.56, 0.70)

0.65 (0.61, 0.69)
0.62 (0.56, 0.69)

0.4 (0.2, 0.8)

2.2 (1.6, 3.0)
2.1(1.3,3.5)

0.65 (0.59, 0.71)
0.67 (0.51, 0.80)

0.76 (0.52, 0.90)
0.71 (0.55, 0.83)

0.71 (0.66, 0.74)
0.74 (0.70, 0.78)

2 104.3 (36.8,215.5)

Laparoscopic 3 82.9 (23.2, 296.5)

Open

2.6

37% (p

0.4 (0.3, 0.8)

POD, postoperative day; CRP, C-reactive protein; CI, confidence interval; AUC, area under the curve; LR, likelihood ratio; PPV, positive predictive value; NPV, negative predictive value; NND, number

needed to diagnosis; NNP, number needed to predict

*p value for heterogeneity

This may be reflective of the more pronounced systemic
inflammatory response of a laparotomy, resulting in higher
baseline serum CRP even in patients without
complications.31 This was further demonstrated by the lower
serum CRP thresholds for all three postoperative days in
patients undergoing laparoscopic surgery. The main out-
come measure in this study was a composite of infectious
complications and/or anastomotic leakage. We did not have
enough data to perform a subgroup analysis on the diagnos-
tic characteristics for anastomotic leak only. However, the
diagnostic accuracy characteristics of serum CRP specifical-
ly for anastomotic leak may not be very useful given that
serum CRP would be higher in patients with complications
other than anastomotic leak.

These results suggest that the interpretation of serum CRP
should be tailored based on surgical approach. Clinicians
should therefore be suspicious of infectious complications
or anastomotic leakage with lower absolute serum CRP
levels in patients who underwent laparoscopic surgery com-
pared with open (see cutoffs in Table 4). The ideal manage-
ment of these patients has not yet been defined. One of the
important elements that are lacking in the current body of
literature is whether clinical signs are apparent with elevated
serum CRP levels. In other words, the timeline of symptom
manifestation was not reported in published studies. It is thus
unclear whether elevations in serum CRP can detect compli-
cations prior to the development of clinical signs and symp-
toms. To date, there are no prospective trials that have an-
swered this important question. Studies in other patient pop-
ulations (such as thoracic surgery) have suggested that other
serum inflammatory markers can detect complications prior
to the onset of related clinical signs.32 It would be useful to
determine whether routine measurement of serum CRP and
potential early detection of morbidity can improve outcomes
after colorectal surgery. One study reported earlier time to
imaging and reintervention in patients who had elevated se-
rum CRP on postoperative day 4.” In another study, CT
scans performed based on increased serum CRP above
125 mg/L on postoperative day 4, without clinical signs
and symptoms, reported a sensitivity of 76.7% for intra-
abdominal infections.” In that same study, 12.7% of patients
who did not undergo a CT in the presence of a high serum
CRP later developed an intra-abdominal collection. Earlier
detection of complications may allow for earlier interven-
tion, but it is unclear whether this will translate to better
outcomes. It is also important to remember that the pooled
diagnostic accuracy characteristics are relatively poor and
would usually not qualify for routine screening test.
Despite these poor overall characteristics, there are few other
early detection markers. Given the morbidity of anastomotic
leakage, interest in serum CRP is such that several studies
are currently ongoing to better define the clinical impact of
routine postoperative serum CRP measurements. * >°
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While the present study only investigated the diagnostic
accuracy of serum CRP for laparoscopic and open surgery
based on single-day values, the trend of serum CRP should
also be taken into account. Studies have shown that increasing
values of serum CRP over time is more accurate than single-
day values for the detection of the infectious complications.37
Given the differences in the inflammatory response for lapa-
roscopic and open surgery, it would be interesting to know if
the serum CRP trend would differ between the surgical ap-
proaches and how this might affect diagnostic accuracy.
Routine preoperative serum CRP may also be useful to iden-
tify patients that may already have elevated serum CRP before
surgery, as this may affect interpretation of postoperative
values and trend. Furthermore, future studies should investi-
gate the cost implications of routine serum CRP

measurements and the additional investigations that are per-
formed to investigate patients with elevated CRP levels. In
this study, the NND and NNP suggest that at least 2 to 4 tests
are required to correctly diagnose or predict a true positive or a
true negative. Whether this is cost-effective as a routine mea-
surement has yet to be determined. Lastly, there are no studies
that have used serum CRP measurements as part of a multi-
factorial risk index. In higher risk patients, serum CRP may
have greater utility in prompting earlier investigation and po-
tential treatments. The effect of the surgical pathology on se-
rum CRP should also be investigated, especially given that it
may be affected by neoadjuvant therapy, inflammatory bowel
disease, and other inflammatory comorbidities. The overall
proportion of patients with inflammatory bowel disease
(who may have elevated serum CRP levels at baseline) was

Fig. 3 Summary receiver :
93 ary rece a Open b Laparoscopic
operating characteristics curves o °
for a open and b laparoscopic - -
groups for the composite
outcomes (infectious © @
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postoperative day 4
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Fig. 4 Summary receiver a
operating characteristics curves o
for a open and b laparoscopic -
groups for the composite
outcomes (infectious
complications or leak) on
postoperative day 5
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low, suggesting that this likely did not affect the results
significantly.

This study should be interpreted with several other limita-
tions in mind. First, there was a heterogenous definition of
infectious complications between studies. Certain studies only
included intra-abdominal infectious complications, whereas
other studies included all infectious complications. This may
have biased the diagnostic accuracy characteristics, in partic-
ular the CRP threshold, as there may be misclassification bias.
Misclassification bias based on other postoperative complica-
tions may have also affected threshold values. The way in
which the diagnostic characteristics were calculated in each
study should be taken into account, as there was some vari-
ability in the method used to calculate the threshold value.
Most studies used Youden’s index, whereas others used graph-
ical methods. There was also some variability in terms of
whether serum CRP was drawn routinely, or only based on
the physicians’ discretion. In the latter case, risk of selection
bias cannot be excluded if CRP was tested only if clinical
signs of complications were present. There was also signifi-
cant statistical heterogeneity in the pooled estimates, reflecting
the various indications for surgery, operative details (extrac-
tion site, length of incision, etc.), and perioperative manage-
ment strategies. These factors may affect systemic
inflammation’  >® *° and serum CRP levels but, due to poor
study reporting, they could not be taken into account in this
meta-analysis.

Conclusion

The diagnostic accuracy of CRP on POD 3 to 5 to detect
infectious postoperative complications and anastomotic leak

after laparoscopic and open colorectal surgery is similar.
However, serum CRP thresholds are lower for laparoscopic
surgery, suggesting the interpretation of serum CRP values
should be tailored based on the operative approach. These
findings can be used to develop standardized investigation
protocols to allow for earlier detection of these highly morbid
complications in patients undergoing colorectal surgery.
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