
ORIGINAL CONTRIBUTIONS

Diagnostic Value of C-Reactive Protein Levels in Postoperative
Infectious Complications After Bariatric Surgery: a Systematic
Review and Meta-Analysis

Yung Lee1,2
& Tyler McKechnie1,2

& Aristithes G. Doumouras2,3 & Chovav Handler3 & Cagla Eskicioglu2,3
&

Scott Gmora2,3 & Mehran Anvari2,3 & Dennis Hong2,3

Published online: 21 March 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Background Bariatric surgery involves the risk of postoperative infectious complications, in particular, anastomotic leaks and
intra-abdominal abscesses. C-reactive protein (CRP) is a nonspecific marker of inflammation which has gained attention as a test
to predict postoperative infectious complications. This systematic review and meta-analysis evaluated the diagnostic value of
CRP to detect postoperative infectious complications after bariatric surgery.
Methods Search ofMEDLINE, EMBASE, CENTRAL, and PubMed databases were performed. Articles measuring serum CRP
postoperatively in patients with obesity undergoing bariatric surgery were included. Main outcomes included diagnostic value of
postoperative serum CRP (area under the curve (AUC), sensitivity, specificity, positive predictive value (PPV), negative predic-
tive value (NPV)). Diagnostic accuracy of included studies was assessed using QUADAS-2.
Results Six studies including 2770 patients met the inclusion criteria. The derived CRP cutoff values were 71.4 mg/dL,
130.3 mg/dL, and 118.7 mg/dL on postoperative days (PODs) 1, 3, and 5, respectively. Pooled AUC was similar across PODs
1, 3, and 5 with AUC being highest on POD 5 (0.88 ± 0.07). PPVwas between 19 and 21%, and NPV was between 98 and 99%.
CRP levels were significantly higher (P < .0001) in postoperative infectious complication group versus the no complication
group on PODs 3 and 5.
Conclusions High NPVand moderately high sensitivity on PODs 1, 3, and 5 may help predict patients who are at a low risk of
infectious complication following bariatric surgery. High specificity on PODs 1 and 3 also indicates that it can be useful for early
diagnosis of postoperative infectious complications.
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Introduction

Obesity has become a global health epidemic [1]. As
such, the number of people with obesity undergoing
bariatric surgery across the world has doubled since
2000 [2]. As part of a multidisciplinary approach to
the management of obesity, bariatric surgery has been
shown to be an effective means of allowing for
sustained weight loss and decreased obesity-associated
comorbidities compared to the medical management of
morbid obesity [3]. As with any surgical procedure,
bariatric surgery involves the risk of postoperative in-
fectious complications, such as anastomotic leaks and
formation of intra-abdominal abscesses [4]. These com-
plications are typically diagnosed clinically, with or
wi thou t the use o f r ad iog raph ic s tud i e s [5 ] .
Unfortunately, as many as 79% of anastomotic leaks
occur beyond postoperative day (POD) 10 and follow-
ing hospital discharge [6]. Thus, the predictive value of
clinical symptoms in the postoperative period is not
sufficient in identifying all infectious complications.

C-reactive protein (CRP) is a serum acute-phase re-
actant produced by the liver in response to proinflam-
matory cytokines that play a role in activating the com-
plement system [7]. As a nonspecific marker of inflam-
mation that can be tested easily, at low cost and with
good reliability, CRP level has gained traction as a test
to address the shortcomings of the clinical assessment
of postoperative infectious complications [8, 9]. In co-
lorectal surgery, it has been validated as a useful nega-
tive predictor test for septic complications and specific
laboratory cutoff values have been established [10].
Currently, in bariatric surgery, the use of CRP is limited
[11]. Furthermore, there is significant heterogeneity in
the current cutoff values and days of measurement of
CRP following bariatric surgery [12–17]. The time
frame in which CRP levels are used in the bariatric
surgery setting range from the day of surgery to POD
30 [12–17]. As such, it remains unclear when CRP is
most useful as a predictive tool in the postoperative
period, as well as what CRP level is most accurate in
predicting postoperative infectious complications in bar-
iatric surgery.

As the morbidity associated with postoperative infec-
tious complications following bariatric surgery is well
established, the utility of CRP to predict which patients
are at greatest risk is an important topic that has not yet
been systematically reviewed. This systematic review
and meta-analysis aims to further validate the predictive
value of CRP for detecting postoperative infectious
complications and to establish clinically valuable cutoff
values for CRP levels following bariatric surgery.

Materials and Methods

Search Strategy

We searched the following databases covering the period from
database inception through October 19, 2018: MEDLINE,
EMBASE, Web of Science, and PubMed. The search was
designed and conducted by a medical research librarian with
input from study investigators (complete search strategy
available in Appendix). We searched the references of pub-
lished studies and searched gray literature manually to ensure
that relevant articles were not missed. We did not discriminate
full texts by language. The protocol of this study was regis-
tered before commencement in the Prospective Register of
Systematic Reviews (PROSPERO).

Outcomes Assessed

Primary outcomes included diagnostic value of postoperative
serum CRP after bariatric surgery in patients experiencing
postoperative infectious complication (area under the curve
(AUC), sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV). Secondary out-
comes were the following: (1) serum CRP levels at postoper-
ative days 1, 2, and 3 in patients that experienced postopera-
tive infectious complication or no complication; (2) length of
stay (days) in the hospital after bariatric surgery; and (3) hos-
pital readmission after bariatric surgery.

Study Selection and Data Extraction

Articles were eligible for inclusion if they measured serum
CRP postoperatively in patients with morbid obesity
(BMI > 40 kg/m2 or > 35 kg/m2 with obesity-related comor-
bidities) undergoing bariatric surgery and reported one of our
relevant primary outcomes. Relevant studies that did not re-
port any diagnostic values or did not conduct a predictive
analysis of postoperative infectious complications (e.g., anas-
tomotic leak, intra-abdominal infections) for CRP were ex-
cluded. We excluded studies with less than 10 eligible pa-
tients. Two reviewers independently evaluated the systemati-
cally searched titles and abstract using a standardized, pilot-
tested form. Discrepancies that occurred at the title and ab-
stract screening stages were resolved by automatic inclusion
to ensure that all relevant papers were not missed.
Discrepancies at the full-text stage were resolved by consen-
sus between two reviewers, and if disagreement persisted, a
third reviewer was consulted. Two reviewers independently
conducted data abstraction onto a data collection manual de-
signed a priori. Abstracted data included study characteristics
and patient demographics (e.g., author, year of publication,
study design, age, % female, preoperative BMI, % diabetes),
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postoperative outcomes (e.g., prevalence of anastomotic
leak/fistula, infectious complications), CRP measurements
(e.g., CRP cutoff value, time points when CRP was measured,
CRP levels at each postoperative day), and outcomes.

Quality Assessment

Quality assessment for each study was assessed using
QUADAS-2 (quality assessment for studies of diagnostic
accuracy studies-2) tool (e.g., appraisal by use of empirical
evidence, expert opinion, and formal consensus to assess the
quality of primary studies of diagnostic accuracy) [18].

Data Synthesis and Analysis

All statistical analysis and meta-analysis were performed on
STATA version 14 (StataCorp, College Station, TX) and
Cochrane Review Manager 5.3 (London, UK). The weighted
geometric mean was used to derive the pooled CRP cutoff
value at each postoperative day. The pooled prevalence of
postoperative infectious complications, sensitivity, specificity,
PPV, and NPV was calculated using the Freeman–Tukey dou-
ble arcsine transformation of proportions. Pooled diagnostic
values and their respective 95% confidence intervals (CI)
were obtained using DerSimonian and Laird random effects
meta-analysis of proportions. Inverse-variance method was

used to calculate pooled AUC of CRP in each postoperative
day. We also performed pairwise meta-analyses using a
DerSimonian and Laird random effects model for continuous
variables such as postoperative levels of CRP and length of
stay between patients with complications versus no complica-
tions. The threshold for statistical significance was set a priori
at alpha = 0.05. Pooled effect estimates were obtained by cal-
culating the mean difference (MD) in outcomes along with
their respective 95% confidence intervals (CI) to confirm the
effect size estimation. Mean and standard deviation were es-
timated for studies that only reported median and interquartile
range (IQR) using the estimation method proposed by Wan
et al. [19]. Assessment of heterogeneity was completed using
the inconsistency (I2) statistic. We considered I2 higher than
50% to represent considerable heterogeneity.

Results

Study Characteristics

From 1091 potentially relevant citations received from elec-
tronic databases and reference searches, 6 studies met the in-
clusion criteria (3 prospective, 3 retrospective) with the data
sufficient to be included in the meta-analysis. Figure 1 depicts
a PRISMA flow diagram of study selection process. All

Titles/abstracts identified n = 1,091
MEDLINE n = 121
Embase n = 419
PubMed n = 184

Web of Science n = 367

Records after duplicates removed
n = 725

Titles and abstracts
screened

n = 725
Excluded based on title and 

abstract n = 697

Full-text articles assessed 
for eligibility

n = 28

Articles excluded n = 22
Wrong study design n = 18
Conference Abstract: n = 2
Wrong outcome (s): n = 2

Studies included 
n = 6

Duplicates excluded n = 64

Fig. 1 PRISMA diagram—
transparent reporting of systemat-
ic reviews and meta-analysis flow
diagram outlining the search
strategy results from initial search
to included studies
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studies measured the level of CRP after bariatric surgery and
reported at least one of the outcomes of interest. In total, there
were 2770 patients (75.8% female, mean age of 40.49 years,
and preoperative BMI of 43.59 kg/m2). Included studies were
conducted between 2012 and 2018. Types of bariatric surgery
performed were laparoscopic sleeve gastrectomy (LSG; three
studies), Roux-en-Y gastric bypass (RYGB; two studies), and
both (one study). Detailed study characteristics of included
studies are reported in Table 1. Definitions for postoperative
leak were homogeneous across studies as they defined leak as
presence of contrast material outside of the GI tract shown by
a radio logic examinat ion or dur ing reopera t ion
(Supplementary Table S1). Moreover, included studies de-
fined postoperative infection as any presence of leak, abscess
collection, or presentation of any septic complication after
surgery. Specific prevalence for postoperative leak could not
be measured due to studies often not reporting postoperative
leak and postoperative infectious complication separately.

Outcomes

The pooled prevalence (SD) of postoperative infectious com-
plications for included studies was 4.0% (0.83) on POD 1,
4.4% (1.37), on POD 3, and 3.7% (1.54) on POD 5. The
derived CRP cutoff values were 71.4 mg/dL on POD 1,
130.3 mg/dL on POD 3, and 118.7 mg/dL on POD 5. CRP
levels were significantly higher in postoperative infectious
complication group versus the no complication group
throughout POD 3 and 5. Moreover, length of stay was sig-
nificantly longer in the postoperative infectious complication
group by 1.28 days (MD 1.28, 95% CI, 1.04–1.52, P < .0001)
(Supplementary Fig. S1).

The six studies included had various time points for mea-
suring predictive value of CRP postoperatively. A meta-
analysis of predictive values of CRP for postoperative infec-
tious complication was performed for POD 1 (three studies),
POD 3 (three studies), and POD 5 (three studies) as they were
most commonly reported across studies. We did not meta-
analyze other PODs due to it being reported in less than three
studies. Pooled AUCwas similar across POD 1, 3, and 5, with
AUC being highest on POD 5 (AUC of 0.88 (0.07)).
Sensitivity was highest at 91% on POD 5 with a CRP cutoff
value of 118.7 mg/L, but POD5 had a lowest specificity of
83% compared to other PODs (Tables 2 and 3). Specificity
was highest in POD 1 of 94% with CRP cutoff value of
71.4 mg/L, but with lowest sensitivity of 77%. Predictive pa-
rameters including PPV (between 19 and 21%) and NPV (be-
tween 98 and 99%) were similar across all postoperative days.
CRP values were significantly higher in the postoperative in-
fectious complication group than the no complication group in
POD 3 (MD 117.43, 95% CI 76.54 to 158.31, P < 0.00001)
and POD 5 (MD 120.25, 95%CI 57.12 to 183.38, P = 0.0002)
(Supplementary Fig. S2–4). Ta
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Risk of Bias

Table 4 presents the quality assessment of included studies
using the QUADAS-2 tool. Applicability of the included
studies was appropriate for patient selection, index test, and
reference standard. One study had poor applicability for pa-
tient selection due to excluding patients with acute and
proved postoperative complications between days 0 to 5.
All of the studies (6/6 studies) did not blind surgeons or
investigators to results of CRP postoperatively. Moreover,
the majority of the studies did not consecutively measure
CRP data every day after surgery. Three studies measured
CRP levels on one specific day after surgery, and two other
studies measured CRP every other day of the operation. Four
studies had slight variations in definitions of postoperative
infectious complication after surgery, and only two studies
had directly investigated the predictive value of CRP to post-
operative leak after bariatric surgery.

Discussion

This systematic review and meta-analysis demonstrates that
CRP level can be a valuable test in predicting the risk of
postoperative infectious complication following bariatric sur-
gery. More specifically, derived CRP cutoff values for POD
1, 3, and 5, demonstrated high specificity and sensitivity, as
well as high negative predictive value (NPV), for the detec-
tion of postoperative infectious complication after LSG and
RYGB. The greatest sensitivity for postoperative infectious
complication was on POD 5, and specificity was highest on
POD 1. A risk of bias assessment of the evidence using
QUADAS-2 found there to be high risk of bias, but good
applicability of the evidence for the use of derived CRP cutoff
values and pooled AUC. Importantly, these data demonstrate
a pooled prevalence of complications reaching as high as
4.4% in the first 5 days following bariatric surgery, suggest-
ing that there is a role for CRP to play in early detection of
postoperative infectious complication in bariatric surgery.

Although the present systematic review is the first to ex-
plore the utility of CRP in predicting postoperative infectious
complication in bariatric surgery, the utility of CRP levels to
rule out postoperative infectious complication has been
established in other surgical fields. Specifically, the predictive
capability of CRP levels following colorectal surgery was
recently meta-analyzed [10]. CRP values on POD 3, 4, and
5 after colorectal surgery are useful negative predictive tests,
with NPVs of 97% for each of the given cutoff values
(172 mg/L, 124 mg/L, and 144 mg/L, respectively).
Similarly, CRP measurement in esophagogastric resection
has demonstrated high NPV for the development of postop-
erative infectious complication [20]. The CRP levels on POD
2, 3, and 6 had NPVs of 100% for postoperative infectiousTa
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complication with cutoffs of 209 mg/L, 190 mg/L, and
154 mg/L, respectively. Given the high NPV and sensitivity
that CRP levels demonstrate for detection of postoperative
infectious complication following other gastrointestinal sur-
geries, it is reasonable to speculate that the predictive capabil-
ities of CRP demonstrated in the current study, especially the
NPVs greater than 98%, are accurate.

While this systematic review and meta-analysis focused on
CRP, previous studies have evaluated other easily measured
acute-phase reactants, such as procalcitonin, white blood cells
(WBC), iron, and albumin for the early detection of postoper-
ative infectious complication following bariatric surgery [11,
12, 21–24]. A recent study by Frask et al. [21] evaluated the
utility of procalcitonin for the early detection of nonseptic and
septic complications following LSG. Although they demon-
strated that patients who develop postoperative septic compli-
cations have procalcitonin levels on POD 2 20 times greater
than those patients that do not have septic complications, they
did not analyze the predictive value of procalcitonin in this
setting, and therefore, the clinical use of this marker is still in
question. Similarly, Kassir et al. [22] demonstrated a signifi-
cant increase in postoperative procalcitonin values in patients
developing fistula or abscess following LSG (0.1 08 mg/L vs.
0.0 62 mg/L, P = 0.0006) without evaluating the overall pre-
dictive value of the marker. Interestingly, one of the studies
included in this systematic review and meta-analysis also
evaluated the efficacy of WBC as a predictor of postoperative
infectious complication [12]. The subsequent receiver–
operator curve analysis demonstrated WBC levels have high
specificity for postoperative infectious complication on POD

3 and 5 (92.4% and 98%, respectively). In contrast, a meta-
analysis by Zhang et al. [23] concluded that due to inconsis-
tent serial changes in WBC postoperatively, it was not useful
at predicting postoperative infectious complications in bariat-
ric surgery. Of note, iron was also included as a parameter of
interest in the study by Albanopoulos et al. [12]. They ob-
served a decrease in the availability of iron and an elevated
ferritin level in patients that experienced postoperative infec-
tious complication. Finally, albumin has been evaluated as a
preoperative predictor of postoperative infectious complica-
tion following bariatric surgery. In a study by Turner et al.
[24] in which 11 preoperative variables were identified and
analyzed, albumin was among the four strongest independent
predictors of postoperative morbidity. Future studies are need-
ed to further evaluate the utility of these various markers both
independently, as well as combined with CRP levels.

Despite the heterogeneity and the high risk of bias within
the included studies, this study provides a useful framework
for the analysis of CRP measurements after bariatric surgery.
These data demonstrate that CRP is clinically useful as both a
negative and a positive test. The high NPVand the moderately
high sensitivity on POD 1, 3, and 5 can help predict patients
who are at a low risk of developing a postoperative infectious
complication following bariatric surgery. This can facilitate
confidence in early discharge strategies aimed at system wide
cost-saving due to lower length of stay. Furthermore, the high
specificity that was demonstrated for POD 1 and POD 3 CRP
measurements also indicates that it can be useful for early
diagnosis of postoperative infectious complication. This may
be related to the increasing frequency of laparoscopic surgery,

Table 4 Results of QUADAS-2 (Quality Assessment for Studies of Diagnostic Accuracy Studies-2) for included studies

Author, year Risk of bias Applicability

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Albanopoulous, 2012 High High High High Low Low Low

Warschkow, 2012 Low High High High Low Low Low

Romain, 2014 High High High Low High Low Low

Dib, 2017 Low High High High Low Low Low

Ruiz-Tovar, 2017 Low Low High High Low Low Low

Kroll, 2018 Low High High High Low Low Low

Table 3 Pooled results of diagnostic data for postoperative infectious complications using random effects meta-analysis (POD, postoperative day;
CRP, C-reactive protein; AUC, area-under-the-curve; SD, standard deviation; PPV, positive predictive value; NPV, negative predictive value)

POD Pooled prevalence of infectious
complications

Derived CRP cutoff (mg/
dL, SD)

Pooled AUC
(SD)

Pooled
sensitivity

Pooled
specificity

Pooled PPV Pooled NPV

1 4.0% (0.83) 71.4 (50.6) 0.84 (0.09) 77% (61,90) 94% (86, 99) 20% (18,22) 98% (98,99)

3 4.4% (1.37) 130.3 (25.9) 0.81 (0.07) 81% (34, 100) 91% (73,100) 21% (19,22) 99% (97,99)

5 3.7% (1.54) 118.7 (17.7) 0.88 (0.07) 91% (65,100) 83% (62,97) 19% (17,21) 99% (98,99)
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in which CRP levels return to baselinemore quickly as a result
of less tissue trauma and blood loss [25]. Bariatrics, like any
surgical specialty, benefits from early identification and treat-
ment of infectious complications. Taken together, patients
with increased CRP levels (> 74.1 mg/L on POD 1, >
130.3 mg/L on POD 3, and/or > 118.7 mg/L on POD 5) fol-
lowing bariatric surgery, are more likely to have a postopera-
tive infectious complication and would require additional clin-
ical investigation or further observation. Caution should be
used in this work-up, as the low PPV and low incidence of
postoperative complications in bariatric surgery means that
even in positive test results, the risk of a complication is only
around 20%. Thus, while observation and low-risk testing can
be considered, a positive CRP value should not automatically
necessitate a CT scan or operative exploration. That being
said, an elevated CRP on POD1 will identify nearly 80% of
leaks and more than 90% of postoperative infectious compli-
cations by POD5, so while not perfect, this level of sensitivity
in detecting the small proportion of patients should be a con-
sidered an excellent test in prudent clinical hands. Overall, as
the cost of determining CRP level as part of normal blood
work in Canada is $5.94 and the morbidity associated with
the test is negligible, this a useful tool in assessing risk of
postoperative infectious complication following bariatric
surgery.

The findings of the present study should be interpreted with
some important limitations in mind. Firstly, differences in
study design and methodology limits this systematic review
and meta-analysis due to the heterogeneity of the included
studies. Second, there are no randomized controlled trials
evaluating the use of CRP following bariatric surgery; there-
fore, all of the studies included were observational studies.
Furthermore, we only included studies that utilized ROC anal-
ysis, which limited us to the inclusion of six observational
studies, all of which were determined to be at a substantial
risk of bias according to QUADAS-2. While we do not be-
lieve that the inclusion of additional studies would have sig-
nificantly changed our results due to the large patient popula-
tions that were evaluated in the included studies, added studies
might have allowed for CRP cutoff values to be derived for
more postoperative days. In addition, added studies would
have allowed for further evaluation of LOS in hospital and
other patient-oriented outcomes that might have better charac-
terized the clinical utility of CRP after bariatric surgery. Third,
postoperative infectious complication is fairly rare following
bariatric surgery. As such, there was a limited number of pa-
tients in the included studies that experienced postoperative
infectious complication. Further multicenter studies should be
conducted in order to confirm results existing in the current
literature. Fourth, there is variability in the expected LOS in
hospital ensuing bariatric surgery from institution to institu-
tion. Thus, it is possible that CRP cutoff values for POD 3 and
POD 5 might not be appropriate for a given institution. For

instance, some centers are experimenting with same-day dis-
charge after both LSG or RYGB, despite some literature dem-
onstrating increasing rates of complications, readmissions,
and reoperations [26]. Lastly, LSGwas performed much more
frequently than RYGB in the included studies. While LSG has
been used with increasing frequency over the past decade,
RYGB still remains the most commonly performed bariatric
procedure [2]. Therefore, further studies analyzing the ROC
relating CRP and postoperative infectious complication fol-
lowing RYGB may better characterize the predictive value
of CRP in bariatric surgical procedures today.

Conclusion

In conclusion, CRP can be a useful and cost-effective test to
detect postoperative infectious complications following bar-
iatric surgery when used with the cutoffs determined in this
systematic review and meta-analysis. The sensitivity demon-
strated on POD 1, 3, and 5 indicates that a negative CRP test
can be a useful test in ruling out a postoperative infectious
complication. Moreover, the high specificity demonstrated
on POD 1 and 3 indicates that a positive CRP test can be
useful in the early identification of patients at increased risk
of postoperative infectious complication.

Acknowledgements We thank Andrea McLellan, an expert medical li-
brarian, for her assistance with the literature search strategy development.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Appendix. Complete search strategy

1 exp bariatric surgery/
2 bariatric*.mp.
3 gastroplast*.mp.
4 ((gastric or jejunoileal or jejuno-ileal or ileojejunal or ileo

jejunal or gastroileal or roux-en-y) adj2bypass*).mp.
5 gastrojejunostom*.mp.
6 intestinal bypass*.mp.
7 lipectomy/
8 lipectom*.mp.
9 lipoplasty/
10 lipoplast*.mp.
11 lipolysis/
12 lipolysis.mp.
13 liposuction/
14 liposuction*.mp.
15 gastric band*.mp.
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16 biliopancreatic bypass/
17 bilio-pancreatic diversion.mp.
18 biliopancreatic diversion*.mp.
19 exp gastrectomy/
20 gastrectom*.mp.
21 duodenal switch.mp.
22 gastric plication.mp.
23 gastric placation.mp.
24 gastric balloon/
25 gastric bubble*.mp.
26 ballobes balloon*.mp.
27 duodenal ileostomy.mp.
28 or/1-27
29 exp C-Reactive Protein/
30 CRP.mp.
31 C Reactive Protein.mp.
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