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Abstract

Background: The aim of this observational study was to analyze
whether differences exist in postoperative C-reactive protein (CRP)
levels in elderly, obese or for gender after major abdominal surgery,
which might affect the diagnostic value of CRP.

Methods: Observational cohort study was made between January
2009 and January 2011 of all adult patients who underwent major
abdominal surgery. Medical records and radiology were reviewed.
Complications were recorded based on the classification by Cla-
vien-Dindo. CRP data were collected up to 14 days postoperatively,
or until discharge.

Results: Three hundred ninety-nine patients underwent major ab-
dominal surgery. Seventy-four patients underwent upper gastroin-
testinal (GI) surgery, 91 patients underwent hepato-pancreatico-
billiary (HPB) surgery and 234 underwent lower GI surgery. Two
hundred thirty-five patients were male. Eighty-three patients pre-
sented with a major complication (20.8%). No effect of gender or
age on postoperative CRP levels was observed. Although a positive
correlation was observed for BMI, this did not hold in further re-
gression analysis.

Conclusions: No effect was observed for gender, age and BMI on
postoperative CRP levels. It is proposed that the effect of surgical
trauma and inflammation surpasses the effect of these related pa-
tient factors. The results further support the use of CRP as an inde-
pendent marker of postoperative inflammation and complications.
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Introduction

Postoperative complications after major abdominal surgery
are reported in up to 40% of patients and pose a major clini-
cal problem due to their association with increased morbid-
ity and mortality [1, 2]. Apart from increased morbidity and
mortality rates it results in longer in-hospital stay, higher
costs and even increased cancer recurrence rates [3, 4]. Early
diagnosis and treatment are paramount to improve these out-
comes [5-8].

It is of interest to find an early, sensitive and specific
marker that identifies patients at risk of postoperative com-
plications, since complications may only become clinically
evident as late as 8 - 12 days postoperatively, when patients
present with critical illness [9, 10].

In search for this early marker for complications the fo-
cus of interest has been on C-reactive protein (CRP). CRP is
a well-established marker for inflammation since levels are
determined only by their rate of synthesis, independent of
diet, diurnal rhythm or organ function [11]. Several studies
have assessed the use of CRP as a marker for anastomotic
leakage [12-14] or septic complications [15-17]. The use of
CRP has been researched in upper gastrointestinal (GI), he-
patico-pancreatico-billiary (HPB) and colorectal resections
with similar results [18-20].

The recommended reference range for serum CRP is usu-
ally not corrected for patient characteristics such as gender,
age or BMI. The effect of gender, age and BMI on CRP lev-
els after major abdominal surgery has yet to be determined.
This is of interest since it is shown that obese people have a
threefold higher baseline CRP than normal weight patients
do [21]. Furthermore, baseline CRP levels have shown to in-
crease with age, which might reflect increasing incidence of
subclinical pathologies [22]. Studies with induced inflamma-
tion show a faster increase in CRP in women, compared to
men [23]. One could theorize these subgroups to be cofound-
ers for postoperative serum CRP levels when CRP levels dif-
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Table 1. Baseline Characteristics

Parameter Upper GI HPB Lower GI Total P-value
Patients (n) 74 (18.5%) 91 (22.8%) 234 (58.6%) 399
Gender

Male 50 (67.6%) 54 (59.3%) 131 (56.0%) 235 (58.9%)

Female 24 (32.4%) 37 (40.7%) 103 (44.0%) 164 (41.1%) 0.209
Age, years (mean = SD) 63.2+13.4 59.2+11.6 59.6 173 60.2+15.5 0.168
ASA score (mean + SD) 1.2+0.7 1.1+0.5 1.1+0.7 1.1+0.7 0.291
BMI mean + SD 239+3.8 25.1+42 25.6+6.1 25.1+53 0.066
Indication

Elective 65 (87.8%) 87 (95.6%) 176 (75.2%) 328 (82.2%)

Acute 9 (12.1%) 4 (4.4%) 58 (24.8%) 71 (17.8%) 0.001

Malignant 61 (82.4%) 76 (83.5%) 137 (58.5%) 274 (68.7%)

Benign 13 (17.6%) 15 (16.5%) 97 (41.5%) 125 (31.3%) <0.001
Epidural anesthesia 42 (58.3%) 62 (68.9%) 127 (55.9%) 231 (57.9%) 0.105

Operation access

Laparotomy 49 (66.2%) 78 (85.7%) 121 (51.7%) 248 (62.2%)
Laparoscopy 20 (27%) 13 (14.3%) 96 (41%) 129 (32.3%)
Conversion 5 (6.8%) 0 17 (7.3%) 22 (5.5%) <0.001
Anastomosis 64 (86.5%) 24 (26.4%) 168 (71.8%) 256 (64.2%) < 0.001
Ostomy 0 0 80 (38.6%) <0.001
Protective ostomy 0 0 27 (11.5%) <0.001
Drain (mL + SD) 56 (78.9%) 39 (43.8%) 91 (39.7%) 186 (46.6%)  0.001
Duration of surgery (min + SD) 275.8 249.5 + 188.1+75.6 217.6+ <0.001
105.4 214.5 132.7
Perioperative blood loss (mL + SD) 451.7 + 3474 + 229.1 + 295.7+554  0.016
774.8 521.8 478.1
Complication 39 (52.7%) 22 (24.2%) 82 (35%) 143 (35.8%)  0.002
Major complication 26 (35.1%) 12 (13.2%) 45 (19.2%) 83 (20.8%) 0.002
Minor complication 13 (17.6%) 10 (11%) 36 (15.4%) 59 (14%)
Hospital stay (days + SD) 247+22.3 11.4+£17.2 15.3+20.7 16.1 £20.7 <0.001
Intensive care stay (days + SD) 13.1 +£20.7 6.8+16.9 11.5+17.4 11.3+18.8 0.496
Mortality 6 (8.1%) 2 (2.2%) 6 (2.6%) 14 (3.5%) 0.058
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Figure 1. Average CRP levels in male and female patients with a minor or uncomplicated postoperative course and male and female

patients with major complications.

fer between these subgroups, since serum CRP levels are not
only influenced by the surgical stress and inflammation. This
might affect the interpretation of postoperative CRP levels.
We sought to determine what influence age, sex and BMI
have on the distribution of postoperative CRP levels. Given
the rise of obesity and ageing in the general population it is
of interest to see if postoperative CRP levels are still usable
in the same fashion for these patients. The aim of this obser-
vational study was to analyze the diagnostic value of CRP
for the prediction of major postoperative complications in
different patient categories.

Materials and Methods

Study design

Observational cohort study was made of all adults who un-
derwent major abdominal surgery in the VU Medical Center,

Amsterdam, between January 2009 and January 2011. Major
abdominal surgery was defined as all major resections of the
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upper GI tract, HPB organs or lower GI tract with recon-
struction with either primary anastomosis and/or ostomy.

Both laparoscopic and open procedures were included,
and procedures for benign and malignant disease were in-
cluded. Acute procedures were also included.

Baseline characteristics were recorded: age, gender,
height, weight, BMI, morbidity, American Society of Anes-
thesiologists (ASA) classification, preoperative blood sam-
pling; hemoglobin, leukocytes, creatinine and CRP, along
with indication for operation, procedure, duration of surgery,
perioperative blood loss, complications, hospital and inten-
sive care admission and mortality.

BMI was defined as an individual’s body mass (kg) di-
vided by the square of their height (m); normal weight per-
sons have a BMI below 25 kg/m? and overweight persons
have a BMI above 25 kg/m?.

Common practice in the VU Medical Center is to mea-
sure the CRP once postoperatively; additional measurements
of CRP levels were performed if the physician deemed it
necessary. CRP data were collected up to 14 days postopera-
tively, or until discharge. CRP measurement was performed
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Table 2. Correlation Between CRP Levels and Age in the Overall Group and Within the Group of Patients
With Major Complications, Correlation Coefficients and P-Values Depicted

Overall Major complications
POD
i/[g;n CRP (mg/L) Correlation P-value ?:[ne;/;)c :I?:D Correlation P-value

0 61.27+ 119 -0.109 0.334 69.13 £ 113 -0.198 0.353

1 112.2+67.3 0.099 0.117 127.6 + 84.4 0.388 0.543

2 219.8 +109.1 -0.092 0.225 281.5+94.5 -0.197 0.229

3 192.3+101.6 0.029 0.674 261.1£117.5 -0.021 0.889

4 154.7+89.5 -0.092 0.189 207.92 +110.8 -0.104 0.467

5 137.6 +93.4 -0.061 0.433 177.2 +£103.9 -0.075 0.602

6 138.8 £ 101.6 -0.021 0.803 194.1 +£97.9 0.031 0.84

in peripheral blood samples with Roche Modular P800
chemistry analyzer.

Clinical deterioration and increase in CRP and/or leu-
cocytes implicated additional examinations, generally con-
sisting of an enhanced CT scan, to preclude complications.
CT scans were performed in a Philips 256 slice Brilliance
iCT scanner, with oral, rectal and intravenous contrast. All
patients received perioperatively prophylactic intravenous
antibiotics and thromboprophylaxis according to local pro-
tocol.

If a major complication was diagnosed, treatment was
initiated immediately. Interventions consisted of relaparoto-
my, percutaneous drainage or intensive care admission.

All postoperative complications were recorded and
based on the classification by Clavien-Dindo, which was
modified into minor and major complications as seen in
other recent articles [24, 25]; classified as either minor com-
plications, which require medical treatment or opening of
the wound at the bedside, consisting of grade I and II of the
Clavien-Dindo classification; or major complications, which
require invasive treatment such as surgery or percutaneous
drainage and intensive monitoring and consist of grades III,
IV and V of the Clavien-Dindo classification [26].

Statistical analysis

Continuous variables are presented as means and standard
deviations (SD) as a central tendency for normal distri-
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butions or as medians and ranges, as central tendency for
non-normal distributions. Comparison of both groups was
conducted with #-test analysis. Categorical variables are ex-
pressed as percentage frequencies and compared with Chi-
square analysis as appropriate. Continuous variables are cor-
related with according P-values and R-square. A value of P
< 0.05 was considered statistically significant. After assess-
ment of linearity a linear regression was performed to assess
the effect of gender, age and BMI on postoperative serum
CRP levels and correct for confounding.

Results

Between January 2009 and December 2010, 399 patients
underwent major abdominal surgery. Seventy-four patients
(18.5%) underwent upper GI surgery, another 91 patients
underwent HPB surgery (22.8%) and a final 234 of them un-
derwent lower GI surgery (58.6%). Baseline characteristics
are depicted in Table 1. Two hundred thirty-five out of 399
patients were male (58.9%).

Eighty-three patients presented with a major complica-
tion (20.8%), requiring a reoperation in 52 of them. Percu-
taneous drainage was performed in another 17 patients. An-
other nine patients were admitted to an intensive care unit
for extra support and monitoring. Five patients died without
reintervention (one due to postoperative bleed, one due to
fulminant sepsis and three due to respiratory insufficiency
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Figure 2. Average CRP levels in patients younger or older than 65 years with a minor or uncomplicated postoperative course and

patients younger or older than 65 years with major complications.

caused by a respiratory infection).
CRP

In 18 patients no CRP data were available, and these patients
were excluded for further CRP analysis. No statistically
significant differences were observed in postoperative CRP
levels in the three different organ groups. For instance, on
postoperative day 3, average CRP was 189 mg/L in upper
GI, 175 mg/L in HPB and 199 mg/L in lower GI surgery (P
= 0.400).

Gender

Of all patients 58.9% were male. Average CRP levels showed
no statistically significant differences between male and fe-
male patients with Student’s #-test. Further analysis of dif-
ferences in gender in the uncomplicated/minor complicated
group compared to the group of patients with major compli-
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cations with Student’s ¢-test and appropriate Bonferroni cor-
rection again showed no statistically significant differences
for gender. Figure 1 depicts average CRP levels for these
groups with corresponding P-values.

Age

Mean age was 60.2 years (SD 15.5 years). Using a Spear-
man’s correlation technique, no significant correlation was
seen between age and CRP levels. Furthermore, separate
analysis of patients with a major complication again did not
show any statistically significant correlation, as depicted in
Table 2. Furthermore, we divided patients into two groups,
based on the statutory Dutch retirement age of 65 years at
the time of inclusion. No statistically significant differences
were observed in CRP values between patients younger or
older than 65 years of age, even with further analysis within
two complication groups (uncomplicated and minor compli-
cations versus major complications) as depicted in Figure 2.
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Table 3. Correlation Between CRP Levels and BMI in the Overall Group and Within the Group of Patients
With Major Complications, Correlation Coefficients and P-Values Depicted

Overall Major complications
POD
?fne;i)c :F;D Correlation P-value z[nega/;)c ::(:D Correlation P-value

0 6127119 0.28 0.015 69.13 £ 113 0.226 0.312

1 1122+67.3 0.197 0.002 127.6 +84.4 0.251 0.07

2 219.8£109.1 0.158 0.04 281.5+£94.5 0.293 0.07

3 192.3 £ 101.6 0.139 0.048 261.1£117.5 0.172 0.248

4 154.7 £ 89.5 0.231 0.001 207.92 £110.8 0.314 0.028

5 137.6 £93.4 0.082 0.304 177.2 +103.9 0.146 0.311

6 138.8 £ 101.6 0.095 0.262 194.1+£97.9 0.051 0.744

BMI

Mean BMI was 25.1 kg/m? (SD 5.3 kg/m?). Using the Spear-
man’s correlation technique we found BMI to correlate with
CRP levels on POD 0 - 4, with a maximum correlation of
0.280 on POD 0 (Table 3). Based on the limit of a BMI of
25 kg/m?, to differentiate between overweight and normal
weight patients, patients were divided into two groups. Here,
no statistically significant differences were observed, as por-
trayed in Figure 3.

In order to further analyze the effect of the correlation
between BMI and CRP on a cut-off as a predictor of com-
plications, a linear regression analysis was conducted on
postoperative days 3, 4 and 5. Coefficients are depicted in
Table 4. R-square was 0.027 or lower. When regarding the
two BMI groups in the regression analysis, no statistically
significant effect was observed (P = 0.172).

Discussion

Aim of the study presented here was to determine the effect
of patient characteristics such as gender, age and BMI on
postoperative CRP levels. No statistically significant effect
was found for age and gender. For BMI a positive correla-
tion was found; however, with regression techniques the R-
square was 0.027 or lower, implying a negligible effect of
BMI on postoperative CRP levels.
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An analysis of CRP levels in a general adult population,
including 2,895 males and 2,853 females, showed CRP levels
to be twice as high in patients aged 65 - 74 years compared
to patients aged 25 - 35 years old, respectively, 2 mg/L com-
pared to 1 mg/L. Moreover, CRP values tended to be higher
in females [22]. This study was conducted in healthy non-
hospitalized patients [21]. After administration of endotoxin,
a more proinflammatory response is seen in women com-
pared to men, with a higher rise in CRP levels [23], although
a higher cut-off for CRP levels is observed for male patients
with induced endotoxemia in another study [27]. The study
presented here showed no statistically significant effect of
gender and age on postoperative CRP levels. A theory could
be that baseline CRP differs among our patient group as well,
and this implies that the effect of surgical trauma and inflam-
mation greatly surpasses the effect of patient factors [28].

In research considering markers for coronary heart dis-
ease baseline CRP levels are highly associated with BMI
[29]. This is attributed to the fact that interleukin-6 (IL-6),
which amongst others is produced by adipocytes, activates
transcription factors in the liver in order to produce CRP
[30]. In the series presented here a positive correlation was
observed. Upon linear regression analysis a statistically
significant effect was observed, with an R-square of 2.7%
or less. Further analysis determined the increase in CRP in
obese patients to be negligible. We therefore concluded BMI
to affect baseline CRP levels, but no significant effect is ob-
served after major abdominal surgery.
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Figure 3. Average CRP levels in patients with a BMI above or below 25 kg/m? with a minor or uncomplicated postoperative course
and patients with a BMI above or below 25 kg/m? with major complications.

After colorectal resection a peak in CRP levels is ob-
served 48 - 96 h after surgery. In patients with an uncom-
plicated postoperative course CRP levels decrease after this
peak [31]. When the inflammatory stimulus decreases, CRP

levels decrease and finally return to baseline levels. Based on
the data presented here we propose that this peak stimulus of
surgical trauma and inflammation is the major determinant
of postoperative CRP levels and are not significantly influ-

Table 4. Linear Regression Coefficients for BMI and CRP Levels on Postoperative Days 3, 4 and 5

POD B Sig Beta R-square
3 2.982 0.03 0.153 0.023
4 2.687 0.023 0.164 0.027
5 1.012 0.502 0.053 0.003
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enced by gender, age and BMI. These findings further sup-
port the use of CRP as a marker for postoperative complica-
tions and imply that established cut-offs for CRP do not need
to be adjusted for age, gender or BMI. Along with earlier
findings that CRP levels are not influenced by diet, circadian
rhythm or organ function, this further establishes CRP as an
independent marker of inflammation after major abdominal
surgery.

Our study has several limitations. For one data were
pooled for patients from different surgical sites, upper GI
tract, HPB and lower Gl-tract, though no statistically sig-
nificant differences were observed between the three groups.
Moreover, preliminary data show that pooling of data on
laparoscopic and open procedures as well as benign and
malignant and acute versus elective procedures showed no
significant differences. The main limitation of this study is
its observational nature. CRP measurements were only per-
formed once as a single postoperative control and addition-
ally when indicated by the attending physician. This could
reflect the lack of data in the absence of any clinical symp-
toms prompting such a measurement.

To our knowledge the study presented here is the first
that researched the effect of gender, age and BMI on postop-
erative CRP levels. No effect of gender or age was observed.
Although a positive correlation was observed for BMI, this
did not hold in further regression analysis. It is proposed that
the effect of surgical trauma and inflammation surpasses the
effect of patient factors such as gender, age and BMI. These
results further support the use of CRP as an independent
marker of postoperative inflammation and complications.
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