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Abstract
Background Laparoscopic roux-en-Y gastric bypass
(LRYGB) has gained increasing popularity as the primary
procedure of choice for the management of patients with mor-
bid obesity. Despite the advances, a few patients will still
develop complications and predicting these early complica-
tions in morbidly obese patients can prove to be difficult.
Radiological investigations have limited diagnostic value
and have associated side effects and cost. We propose that
C-reactive protein (CRP) is a useful predictor for early post-
operative complications.

This study aims to determine the ability of CRP taken on
postoperative day 1 (POD 1) and 2 to predict occurrence of
complications within 30 days of surgery.
Methods This retrospective observational study selected 183
consecutive patients from the York bariatric database between
01 December 2010 and 23 March 2015. Exclusions: Patients
undergoing dual procedures, conversion to open, and if no
postoperative CRP measurement was performed.
Results In total, 138 patients satisfied the inclusion criteria
during the study period (median age 44 years [20–68], BMI
50.6 kg/m2 [38.3–62.5]). Fifteen (10.8 %) patients had minor
complications (CD of 2) and 8 (5.6 %) had major complica-
tions (CD 3 or above). A CRP of greater than 127 mg/L on
POD 2 was found to predict complications with 93 % sensi-
tivity and 64 % specificity with diagnostic accuracy 0.82
(95 % confidence interval 0.731–0.908).
Conclusions In our patients, CRP on POD 2 has been shown
to be a good predictor of both minor and major complications
and can therefore be used to guide clinicians in making deci-
sion as to which patients may need further investigation or
who can be safely discharged.
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Introduction

Obesity is a complex and multifactorial disease which is associ-
ated with significant morbidity and mortality [1]. There has been
a dramatic rise in operative rates for patients with morbid obesity.
Surgical intervention is directed toward those patients with a
BMI of >35 kg/m2 with significant obesity related comorbidity
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or patients with a BMI of >40 kg/m2 as it has been shown to be
more effective than medical management [1–3].

In the past few decades, laparoscopic options have become
a well-established modality of treatment [1, 2]. Laparoscopic
roux-en-Y gastric bypass (LRYGB) has gained increasing
popularity as the primary procedure of choice for the surgical
management of patients with morbid obesity [2].

Identification of patients who are at risk of complications is
of great clinical importance to improve clinical outcomes, im-
prove patient experience, and guide resource allocation.
Patients undergoing surgery for morbid obesity may have
prolonged hospital stays. This is understandable when the com-
plications of LRYGB can cause significant morbidity and even
mortality [2]. It is more difficult to clinically ascertain if a
morbidly obese patient has a complication and many surgeons
rely on radiological investigations, such as upper GI series, to
assist with the diagnosis of complications; these however may
have limited diagnostic value [1] and add additional cost [1, 7].

It is well documented that the stress response of surgery
leads to a rise in serum C-reactive protein (CRP) and that CRP
measurement is a cheap (£2.27 at York Hospital laboratory),
easily accessible, and frequently used blood test. In healthy
postoperative patients, the peak concentration of CRP will be
seen 48–72 hours postoperatively and will then fall [4]. This
leads to the assumption that a persistently raised or climbing
CRP thereafter is caused by ongoing inflammatory processes
unrelated to the trauma of surgery [4]. There is persuasive
evidence that the use of CRP as a predictor of clinical out-
comes in open surgery is of clinical benefit; however, the
value of CRP following laparoscopic surgery and how CRP
might predict later outcome are still unclear [5, 6].

The pathophysiology of obesity being responsible for an
elevated baseline of CRP is well documented and thought to
be due to the increased adipose tissue and accumulation of free
fatty acids promoting the release of proinflammatory cyto-
kines and thus the hepatic genesis of CRP [1, 9].

The sensitivity and specificity of CRP as a predictor of
complications post-LRYGB is not widely reported and varies
greatly. There is a reported range of sensitivities between 53
and 100 % and specificity between 71.6 and 95.5 % [1, 2,
5–11]. The postoperative day (POD) on which CRP measure-
ment is at the optimal time to predict outcome varies from
POD 1 to POD 5. The threshold of CRP for an increase in
complications varies from over 100 on POD 1, 229 on POD 2,
and above 136 on POD 5 [1, 2, 5–11].

There remains some uncertainty, therefore, as to the timing
of CRP measurements and whether CRP measured between
POD 1 and POD 5 can predict occurrence of complications.
This study has the following aims:

1. To determine the ability of CRP taken on POD 1 and POD
2 to predict occurrence of complications within 30 days of
surgery.

2. To determine the cutoff values for CRP (POD 1 and POD
2) that might best discriminate the development and non-
development of complications within 30 days of surgery.

Method

Data from all consecutive patients who underwent LRYGB
from the prospectively maintained York bariatric database be-
tween the dates of 01 December 2010 to 30 March 2015 were
collected. The York unit has four upper GI surgeons
performing LRYGB and all were included. Patients were ex-
cluded if they underwent dual procedures, were converted to
open procedures, or who had no postoperative CRP measure-
ment on record.

Data was extracted from the electronic patient care records
(Clinical Patient Database software) and inputted into an
encrypted excel spread sheet. The following was recorded:
patient characteristics including date of birth, age at operation,
gender, BMI, and ASA grade. Intraoperative details including
surgeon name and occurrence of intraoperative complications
were recorded. Postoperative CRP measurements for POD 1
to POD 5, length of stay (LOS), and occurrence of complica-
tions within 30 days of surgery were measured. Complications
were defined using the Clavien-Dindo classification [12]. A
grade II classification or above was taken to indicate that a
postoperative complication has occurred.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 21
(IBM Software, USA). The ability of POD 1 and POD 2
CRP to predict postoperative complications was assessed
using receiver operating characteristic (ROC) curves and area
under the curve (AUC) analysis. As CRP is a continuous
variable and there is no known diagnostic criterion for being
positive or negative, this analysis allows the test to be assessed
but also given a “cutoff” for diagnostic accuracy [13]. The
data for sensitivity (true positive fraction) is plotted against
specificity (false positive fraction) which generates a curve.
The better the test, the closer to the upper left hand corner the
curve will plot [13]. A test which runs along to the diagonal
line depict a diagnostic test with the same performance as
chance, i.e., the results will be unrelated to disease status
[13]. For continuous results, a cutoff for a positive result is
often assigned by an arbitrary value set. ROC analysis avoids
this by assessing the sensitivity and specificity at differing
cutoff to calculate the optimal cut off point. The AUC is
interpreted as the independent average value of the sensitivity
for all possible specificities. A value of 0.5 describes a test no
better than chance, a score of 1 would describe a test with a
100 % diagnostic accuracy, and a value of 0 would describe a
test which was incorrect every time [13].
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Results

The York bariatric database identified 183 patients. One hun-
dred and thirty eight satisfied the inclusion criteria, 34 males
and 104 females, median age 44 years [range 20–68], and
median BMI 50.6 kg/m2 [range 38.3–62.5]; mode ASA grade
was 2 [range1–3].

The excluded patients were for dual procedures performed
(n = 6), conversion to an open procedure (n = 6), no CRP
measurement on POD 1 or POD 2 (n = 24), reoperation before
a CRP measurement had been taken (n = 2), and incorrect
coding of LRYGB (n = 7). The 24 patients excluded with no
CRP measurement on POD 1 or POD 2 had a median age of
47 (27–70), median LOS of 4 days (2–8 days), ASA of 2 (2–
3), and BMI of 49.9 kg/m2 (36–66.7).

Postoperative CRP levels were recorded on POD 1 to POD
5 when measured; not all patients had levels taken daily
(Table 1). It can be seen from Table 1 that the CRP measure-
ments had a large range of values on each day. The trend of
median CRP over the first 5 days can been seen in Fig. 1. This
data corroborates the literature that CRP peaks in the 48–72--
hours period then tails off [4]. We found there was a slight
upward trend in CRP on POD 5. We postulate that this is due
to two reasons: firstly, due to the small sample size of patients
having a CRPmeasurement POD 5 as most patients were well
and discharged home before POD 5. Secondly, the patients

who were tested on POD 5 were those who were remaining
in the hospital due to a complication and as such would have a
higher CRP.

Twenty-three patients had postoperative complications.
Fifteen (10.8 %) patients had minor complications (CD of 2)
and 8 (5.6 %) had major complications (CD 3 or above). Of
the complications, seven patients required surgical interven-
tion; there was one patient with an anastomotic leak, one with
a bleeding anastomosis, and one with small bowel obstruction.
Two patients required endoscopic evaluation. Five patients
had wound infection or leak requiring antibiotics or readmis-
sion. Seven patients developed respiratory complications and
one patient developed diabetic ketoacidosis. Table 2 demon-
strates the observed complication breakdown.

The median LOS was 4 days (range 2–62 days). Table 3
demonstrates the LOS for both cohorts of patients. The medi-
an LOS for patients without complications was 4 days (range
2–7 days) and for those with complications was 6.5 days
(range 2–62 days).

The cohort of patients who developed complications and
those who did not are well matched in baseline characteristics.
For those who did not have complications, the median age
was 43, median ASAwas 2, and median BMI was 50.7. For
those who did have complications, the median age was 44,
median ASA was 2, and median BMI was 50.15. There is a
female preponderance for both cohorts. However, male

Table 1 CRP levels and numbers of patients with recorded
measurements

Day
post
op.

Number
patients

CRP all
patients
(mg/L)

CRP patients
with
complications
(mg/L)

CRP patients
without
complications
(mg/L)

Range
CRP all
patients
(mg/L)

1 121 78 93 75 5–415

2 108 116.5 157 103 5–419

3 67 133 205 129.5 5–442

4 49 109 137 101 5–322

5 26 138 232 123.5 5–367
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Fig. 1 Trend of postoperative
CRP levels over days 1 to 5

Table 2 Observed complications

Complication Number of patients Complication incidence

Grade 0 107 77.5 %

Grade I 8 5.7 %

Grade II 15 10.8 %

Grade IIIa 3 2.1 %

Grade IIIb 3 2.1 %

Grade IVa 2 1.4 %

Grade IVb 0 0 %

Grade V 0 0 %
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gender has a higher representation in the cohort with compli-
cations with a ratio of 4.7:1 (F/M) compared to a ratio of 2.7:1
(F/M) in the cohort of patients without complications. This
finding is expected as male gender is a known risk factor for
postoperative complications following obesity surgery [14,
15].

Patients who developed complications had a significantly
higher CRP on POD 2 than did those who did not
(p < 0.0005); this is clearly demonstrated in Fig. 2 (Mann-
Whitney U 249.000, Wilcoxon W 4527.000, Z − 3.957,
Asymp. Sig. (two-tailed) 0.000).

Analysis of the AUC of the ROC curve demonstrated that
day 1 CRP AUC is 59 % (95 % confidence interval, 45.4–
72 % p = 0.279) (Fig. 3a). The line plotted hugs the diagonal
line.

Analysis of the AUCof the ROC curve demonstrated that day
2 CRP AUC is 82 % (95 % confidence interval, 73.1–90.8 %

p < 0.0005) (Fig. 3b), as can be seen from the ROC curve
moving close to the upper left hand corner—the ROC point.

A CRP of greater than 127 mg/L on postoperative POD 2
was found to predict complications with 93 % sensitivity and
64 % specificity with diagnostic accuracy 0.82 (95 % confi-
dence interval 0.731–0.908, p < 0.0001) (Fig. 3b).

Discussion

As experience with bariatric surgery improves and laparo-
scopic techniques employed, rates of postoperative complica-
tions following bariatric surgery are reducing. Despite this,
when they occur, they are serious and can be fatal. The mor-
bidly obese patient is complex and makes early diagnosis of
complications more difficult. In this study, we demonstrate
how the use of CRP can be useful in this decision-making
process. We demonstrate the expected rise and fall of CRP
in all postoperative patients in addition to showing the differ-
ence between those patients who develop complications and
those who do not.

Pike and colleagues [2] propose an attractive fast-track
management strategy for discharging patients on POD 1.
They have reported that a POD 1 CRP is a good predictor of
later complications. In a review of their fast-track LRYGB
service, they report that most of their 112 patients were
discharged on day 1 following surgery [2]. They found that
a POD 1 CRP above 100 mg/L predicted major postoperative
complications with 100 % sensitivity, 95 % specificity, and a
diagnostic accuracy of 0.98. However, this was in relation to a
single surgeon experience with a dedicated fast-track service
that may not be available at present in some hospitals.

Fig. 2 Box plot of serum CRP
taken on postoperative day 2 of
patients who experienced
complications versus no
complications within 30 days

Table 3 Length of stay

Length of
stay (days)

All patients Patients with no
complications

Patients with
complications

2 5 4 (2.9 %) 1 (4.3 %)

3 39 38 (27.5 %) 1 (4.3 %)

4 48 44 (31.8 %) 4 (17.3 %)

5 20 17 (12.3 %) 3 (2.1 %)

6 13 10 (7.2 %) 3 (2.1 %)

7 5 2 (1.4 %) 3 (2.1 %)

8 2 0 (0 %) 2 (8.6 %)

9 1 0 (0 %) 1 (4.3 %)

>10 5 0 (0 %) 5 (21.7 %)
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Currently, there is no national standard for postoperative man-
agement and as such, clinical practice varies.

Unlike previous studies, we found no predictive benefit of
measuring CRP on POD 1.We found a diagnostic accuracy of
only 59 %, i.e., marginally better than chance alone. In this
cohort, we found CRPmeasurement on POD 2 appears to be a
good predictor of postoperative complications. We demon-
strate that a CRP of above 127 mg/L predicts postoperative
complications with a sensitivity of 93 % and specificity of
64 %. We recommend that POD 2 is the optimum time to
sample CRP to use as a predictor of complications.

POD 2 CRP is a highly sensitive predictor of “at-risk pa-
tients”. Having the ability to easily and cheaply identify such
patients is of great clinical importance. The CRPmeasurement
will add to the clinician’s decision making and allow targeted
investigations and additional monitoring to these patients who
have a CRP above 127 mg/L. It has been suggested that ra-
diological studies to detect intestinal leaks following LRYGB
should be limited to patients with clinical symptoms such as
tachycardia or respiratory distress [7]. Taking this approach
limits the amount of radiation patients are exposed to along
with lowering the amount of false-positive and false-negative
results routine performance would yield [1, 7]. However,
waiting for patients to develop symptoms will, of course, lead
to the delay in detection of complications and thus negatively
affect patient outcomes. Adding the CRP level to the clinical
picture can raise clinical suspicion in those patients who may
not be displaying early signs of complications and allow
targeted diagnostic management.

Based on our findings, it may be worth considering a pro-
tocol where patients who have a CRP below 127 mg/L POD 2
in the context of a normal clinical examination can be
discharged home safely on POD 2. We suggest the cohort of
patients with an elevated CRP are monitored more closely,
have repeat blood monitoring, and a consideration of radio-
logical imaging should be taken at this point. This postopera-
tive management strategy would improve patient care, target
resources to the patients most at risk of complications, and
would save bed days. Using a retrospective model applied to
our patients, we can calculate the approximate cost in terms of
bed days. This relies on the assumption that all patients are
clinically stable at POD 2. Fifty-nine patients had a CRP be-
low 127 mg/L recorded on POD 2 who had no postoperative
complications—97 % (n = 57) of those patients stayed longer
than 2 days. This is at the cost of 121 bed days. Twenty-nine
patients had a CRP recorded above 127 mg/L and had no
complications, thus would stay in hospital for another day at
a cost of 29 bed days. Three patients would be discharged who
would later develop a complication. At York Teaching
Hospital, the cost per bed day is £848. This is a saving of 92
bed days at a cost of £78,016.

We suggest that serial CRP levels are taken on POD 2
and POD 3 if the patient is not discharged on POD 2. From
our data, patients who had a CRP >127 mg/L on POD 2
who had no complications had a median POD 2 CRP of
171.5 mg/L (95 % CI 151.41–191.59), which rose to a
median POD 3 CRP of 195 mg/L (95 % CI 165.57–
224.43). Patients who had a CRP >127 mg/L on POD2
who developed complications had a median POD 2 CRP
of 177.5 mg/L, which rose to a median POD 3 of 212 mg/
L. Due to the small number of patients (n = 26) who had
both POD 2 and POD 3 CRP measurements, this study is
unable to conclude what represents a clinically significant
rise in CRP POD 3.

Fig. 3 a ROC curve of day 1 CRP post-LRYGB. b ROC curve of day 2
CRP post-LRYGB
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The 30-day morbidity in our study is comparable to data
currently published, between 4.4 and 29 % [1, 5–7], suggesting
that our cohort of patients is representative. The incidence of
anastomotic leak was low at 0.7 % (n = 1); this is also consistent
with the previously reported rate of anastomotic leak being be-
tween 0.4 and 5.2 % [1].

The baseline characteristics of our complication group
and non-complication group are well matched for age,
ASA, and BMI thus reducing confounding factors. There
was a larger representation of females in both groups but
relatively a higher number of males in the complication
group. This result was expected and is mirrored in previ-
ous literature where the male sex is an independent cause
of complications [15]. The Obesity Surgery Mortality
Risk Score uses male gender as one of a five-point score
to classify postoperative risk [14, 15].

The main limitation of this study is the retrospective de-
sign. Consequentially, the data is limited, as CRP was not
routinely taken in all patients. To ascertain any likely selection
bias, we compared the patient demographics of the patients
included to those excluded due to the fact that no CRP was
performed on days 1 or 2 (Table 4) and found no difference
between the two. We therefore do not think we have selected
out those patients more likely to have had complications be-
cause they had CRP performed on POD 1 or POD 2.

Due to the retrospective data collection, it is impossible to
report whether the CRP measurement was performed as a
routine test or whether the CRP was requested due to clinical
suspicion of complications. As such, we limited the analysis
of CRP to POD 1 and POD 2 as later CRP measurements
(POD 3, POD 4, POD 5) are in a cohort of patients who
remain in the hospital for clinical reasons. Table 4 compares
the characteristics of the patients who were excluded due to
having no CRP measurement (n = 24) to those who were
included (n = 138). The groups are matched on age, sex,
ASA grade, LOS, and BMI; the complication rate is 12.5 to
16.6%meaning that we have not excluded a cohort of patients
who are different to the study population.

Data was collected from the CPD computer program and as
such, the clinical notes were not seen. All observations (such

as temperature and heart rate) are documented electronically
on CPD, and we were able to document all abnormalities,
radiological interventions, readmissions, and re-attendances
to A&E (all notes are scanned onto CPD). In addition to this,
a comprehensive discharge letter is constructed by each oper-
ating consultant surgeon after discharge directly from the pa-
tient notes. We therefore did not feel we would gain extra
information in obtaining the notes.

Conclusion

To conclude, CRP measurement POD 2 is a highly sensitive
predictor of postoperative complications post-LRYGB. A
measurement >127 mg/L should alert the clinician to target
extra monitoring and consider further investigations to diag-
nose early complications and reduce postoperative morbidity
and mortality. A measurement below 127 mg/L, along with a
normal clinical examination, can aid the decision making for a
safe and timely discharge from hospital.

These results are sufficiently compelling to warrant a large,
higher powered, multicentered prospective study to further
investigate the predictive value of CRP in LRYGB patients.
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