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Abstract
Purpose The present study was designed to evaluate the
relationship between the preoperative C-reactive protein
levels and the incidence of postoperative infectious complica-
tions in patients undergoing colorectal surgery.
Methods This study was a retrospective cohort study of a
consecutive series of 464 patients who underwent elective
colorectal resection between April 2010 and March 2012.
We evaluated the patients’ preoperative conditions, including
the preoperative C-reactive protein levels, surgical content,
and incidence of postoperative infectious complications.
Results Postoperative infectious complications occurred in
133 patients (28.7 %). In the univariate analysis, male gender,
rectal surgery, open surgery, elevated preoperative white
blood cell counts, elevated preoperative C-reactive protein
levels, extended operative times, large amounts of blood loss
during surgery, and ostomy formation were found to be sig-
nificantly associated with the incidence of postoperative in-
fectious complications. In the multivariate analysis, elevated
preoperative C-reactive protein levels (OR per mg/dl=1.17,
95 % CI=1.02–1.37, P=0.02) and large amounts of blood
loss during surgery (OR per 100 g=1.13, 95%CI=1.06–1.23,
P <0.01) were found to be independently associated with the
incidence of postoperative infectious complications.
Conclusions This study provides evidence of an association
between the preoperative C-reactive protein level and the
incidence of postoperative infectious complications following

colorectal surgery, which should be further confirmed in pro-
spective and appropriately designed studies.
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Introduction

Despite advances in operative techniques and perioperative
care, postoperative infectious complications are the most fre-
quent complications that occur following colorectal surgery,
which belongs to the category of clean–contaminated
operations. For instance, anastomotic leakage occurs in
1–39 % [1] of cases and surgical site infection occurs in 3–
30 % [2] of cases.

Postoperative infectious complications prolong hospital
stays, increase medical costs, and occasionally lead to mortal-
ity [3, 4]. Moreover, it has been recently reported that postop-
erative infectious complications, typically caused by anasto-
motic leakage, in patients undergoing gastrointestinal surgery
lead to poor cancer-specific survival rates [5–8]. Therefore,
colorectal surgeons are concerned with preventing postopera-
tive infectious complications such as surgical site infection
and pneumonia following colorectal surgery.

It has been reported that preoperative conditions and sur-
gical factors might be associated with the incidence of post-
operative infectious complications in patients undergoing co-
lorectal surgery [9]. Preoperative conditions include nutrition-
al status, age, smoking, and coexisting morbidities, such as
diabetes mellitus, heart disease, and liver cirrhosis. Surgical
factors include the degree of contamination, operative time,
volume of blood loss, use of blood transfusions, and the need
for emergency surgery.

C-reactive protein is known to be an indicator of infectious
or inflammatory conditions [10]. It has been reported that the
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postoperative C-reactive protein levels predict the incidence of
postoperative infectious complications in patients undergoing
colorectal surgery [11, 12]. However, to our knowledge, it is
not known whether the preoperative C-reactive protein levels
relate to the incidence of postoperative infectious complica-
tions. For this reason, we conducted this study to investigate the
predictive value of the preoperative C-reactive protein levels for
the incidence of postoperative infectious complications follow-
ing colorectal surgery.

Materials and methods

This study was a retrospective cohort study of a consecutive
series of 464 patients who underwent elective colorectal re-
section via laparotomy at the National Defense Medical
College Hospital between April 2010 and March 2012.
Patients with preoperative clinical evidence of infection or
other inflammatory conditions, such as inflammatory bowel
disease or diverticulitis, were excluded from this study. In
addition, patients who had developed minor postoperative
infections, such as phlebitis or cholecystitis, were also exclud-
ed. The mean age of the patients was 67 years, and there were
289males and 175 females. The stage of colorectal cancer was
assigned according to the Japanese Classification of
Colorectal Carcinoma, seventh edition [13]. Only three pa-
tients received chemoradiation therapy, and only four patients
received corticoid therapy. The characteristics of the patients
in this study are presented in Table 1.

Five surgeons participated in the majority of cases as either
operator or supervisor. All patients in this study underwent
routine preoperative blood test, chest X-rays, and urinalysis
after admission. Before surgery, most patients received bowel
preparation with an oral laxative. After surgery, oral intake
was basically started on the third postoperative day after
colonic surgery or was started on the fifth postoperative day
after rectal surgery. We typically used epidural catheters for
analgesia.With regard to the regimen of surgical antimicrobial
prophylaxis, the administration of cefmetazole (1 g) was
started just before the skin incision was made, was repeated
every 3 h during surgery, and was performed in the morning
and evening on the first postoperative day.

Patients were retrospectively evaluated for preoperative
factors, surgical factors, and postoperative status on the basis
of their medical and nursing charts. The preoperative factors
included age, gender, tumor site, diseases, body mass index,
presence of diabetes mellitus or heart disease, smoking status,
and preoperative laboratory data (the white blood cell count,
the neutrophil count, the lymphocyte count, the albumin level,
and the C-reactive protein level). The surgical factors included
operative time, volume of blood loss, procedure, and ostomy
formation.

The occurrence of postoperative infectious complications
was defined according to a combination of clinical findings,

Table 1 Patient characteristics

N =464 Percent

Age (mean ± SD) (year) 66.9±10.6

≧75 112 24.1

<75 352 75.9

Sex

Male 289 62.2

Female 175 37.8

Location

Colon 266 58.3

Rectum 190 41.7

Disease

Colorectal cancer (stage)

Stage0 20 4.3

Stage I 114 24.6

Stage II 122 26.3

Stage III 131 28.2

Stage IV 54 11.6

Recurrence 7 1.5

Other malignant tumor 2 0.4

Benign tumor 14 3.0

Body mass index (mean ± SD) (kg/m2) 21.2±3.33

≦25 52 11.3

>25 408 88.7

Diabetes mellitus

Yes 62 13.4

No 402 86.6

Smoking

Yes 61 13.1

No 403 86.9

Heart disease

Yes 52 11.2

No 412 88.8

White blood cell count (mean ± SD) (/μl) 6,162±1,906

Neutrophil count (mean ± SD) (/μl) 3,956±1,931

Lymphocyte count (mean ± SD) (/μl) 1,652±549

Album in level (mean ± SD) (g/dl) 3.90±0.55

C-reactive protein level (mean ± SD) (mg/dl) 0.79±1.70

Operation time (mean ± SD) (min) 229±88

Blood loss (mean ± SD) (ml) 436±1145

Procedure

Laparoscopic-assisted surgery 126 27.2

Open surgery 338 72.8

Ostomy formation

Yes 95 20.5

No 369 79.5

Stage was assigned according to the Japanese Classification of Colorectal
Carcinoma
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and the results of laboratory and other tests recorded in the
patients’ medical records. The postoperative infectious compli-
cations included incisional surgical site infection (SSI), organ/
space SSI, enterocolitis, urinary tract infection, and pneumonia.
Incisional and organ/space SSI were diagnosed according to the
definitions stated in the guidelines issued by the Center for
Disease Control and Prevention [14]. Incisional SSI, including
superficial and deep incisional SSI, are infections at the incision
site characterized by the presence of a purulent discharge or
local signs of infection or wound opening. Organ/space SSI,
including anastomotic leakage and intra-abdominal abscess for-
mation, is characterized by the presence of purulent discharge
from a drain placed into the organ/space or an abscess found on
direct or radiological examination. Enterocolitis was diagnosed
on the basis of clinical symptoms, such as diarrhea with pyrexia,
and fecal culture. Urinary tract infections were diagnosed based
on positive urine cultures with pyrexia. Pneumonia was diag-
nosed based on the clinical symptoms and the findings of
radiological examinations. The grade of postoperative infectious
complications was assigned according to the Clavien–Dindo
Classification [15].

The statistical analysis was performed using JMP software
(SAS Institute Inc., Cary, NC). The univariate relationships
between the variables and the occurrence of postoperative
infection were evaluated using a logistic model for continuous
variables and Pearson’s χ2 test for categorical variables. The
variables with a P value <0.05 in the univariate analysis were
entered into the multivariate logistic regression model using
the forced entry method. P values <0.05 were considered to
be statistically significant.

Results

Table 2 shows the frequency of postoperative infectious com-
plications and the grade of complications in this study. In total,
postoperative infectious complications occurred in 133
(28.7 %) of the 464 patients. Incisional SSI occurred in 62
(13.4 %) patients, and organ/space SSI occurred in 53 (11.4 %)
patients. Type of morbidity occurred in 161 (34.7 %) patients,
and three patients (0.6 %) died in this study. Two patients died
after sigmoidectomy because of a myocardial infarction that
developed from severe pneumonia and because of severe
MRSA enterocolitis, respectively. One patient died after
abdominoperineal resection and a second surgery for ostomy
necrosis, after which, severe pseudomembranous colitis oc-
curred. Ostomy formation was performed in 81 (42.6 %) of
the 190 patients with rectal tumors and 10 (2.2 %) of the 266
patients with colonic tumors.

Table 3 shows the associations between preoperative factors
and the incidence of postoperative infectious complications.
According to a univariate analysis, male gender (P=0.03), rectal
surgery (P<0.01), elevated preoperative white blood cell counts

(P=0.02), and elevated preoperative C-reactive protein levels
(P=0.01) were each found to be associated with an increased
risk of developing postoperative infectious complications.
Table 4 shows the associations between surgical factors and
the incidence of postoperative infectious complications. In the
univariate analysis, extended operative times (P<0.01), large
amounts of blood loss (P <0.01), open surgery (P<0.01), and
ostomy formation (P <0.01) were each found to be associated
with an increased risk of developing postoperative infectious
complications.

The variables with a P value <0.05 in the univariate analysis
were entered into the multivariate logistic regression model
using the forced entry method. Thereafter, large amounts of
blood loss during surgery (P <0.01) and elevated preoperative
C-reactive protein levels (P=0.02) were both found to be
independently associated with an increased risk of developing
postoperative infectious complications (Table 5).

Finally, although we analyzed the data by constructing
ROC curves regarding postoperative infectious complications
for the different preoperative C-reactive protein levels, the
AUC was 0.53 (data not shown). Therefore, we could not
obtain a useful cutoff value for the preoperative C-reactive
protein level to predict postoperative infectious complications.

Discussion

The present study revealed that the preoperative C-reactive
protein levels and the volume of blood loss during surgery are
both independent risk factors for the development of postop-
erative infectious complications following colorectal surgery.

The C-reactive protein level is known as a widely available
and routinely used marker for the diagnosis and follow-up of

Table 2 Frequency of postoperative infection and the grade of infectious
complications

Postoperative infection Number Percent

Incisional SSI 62 13.4

Grade(I/II/III/IV/V) (54/4/4/0/0)

Organ/space SSI 53 11.4

Grade (I/II/III/IV/V) (0/3/41/9/0)

Enterocolitis 15 3.2

Grade (I/II/III/IV/V) (0/6/6/2/1)

Urinary tract infection 10 2.1

Grade (I/II/III/IV/V) (0/9/0/1/0)

Pneumonia 9 1.9

Grade (I/II/III/IV/V) (0/7/0/2/0)

Total 133 28.7

Grade (I/II/III/IV/V) (37/30/51/14/1)

The grade of postoperative infectious complications was assigned
according to the Clavien–Dindo Classification
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patients affected by various inflammatory diseases. There
have been several attempts to use the postoperative C-
reactive protein level to predict the occurrence of postopera-
tive infectious complications after colorectal surgery.
Recently, a meta-analysis which was performed for diagnostic
studies including a total of 1,832 patients evaluating the C-
reactive protein level as a predictor of postoperative infectious
complications on days 1 to 5 after colorectal surgery revealed
that the C-reactive protein level should bemeasured on POD 4

to best predict the risk of postoperative infectious complica-
tions [16].

In contrast, there have been few reports on the relationship
between the preoperative C-reactive protein levels and the
incidence of postoperative infectious complications. Fransen
et al. previously reported that the patients with elevated pre-
operative C-reactive protein levels are at an increased risk for
developing postoperative infections during cardiac surgery
[17]. Moyes et al. recently reported that the preoperative

Table 3 Univariate analysis of
the association between preoper-
ative factors and the incidence of
postoperative infectious
complications

Infection Odds ratio (95% CI) P value

Yes No

Number 133 331

Age (year) 0.90

≦75 31 81 0.94 (0.58–1.51)

>75 102 250 1.00

Gender 0.03

Male 93 196 1.60 (1.04–2.46)

Female 40 135 1.00

Tumor site <0.01

Colon 57 209 1.00

Rectum 70 120 2.14 (1.41–3.24)

Disease 0.61

Benign/stage 0/I/II 75 195 1.00

Stage III/IV/recurrence 57 135 1.10 (0.73–1.65)

Body mass index (kg/m2) 0.63

≦25 13 39 0.82 (0.42–1.59)

>25 118 290 1.00

Diabetes mellitus 0.13

Yes 23 39 1.57 (0.89–2.74)

No 110 292 1.00

Smoking 0.88

Yes 18 43 1.05 (0.58–1.89)

No 115 288 1.00

Heart disease 0.63

Yes 13 39 0.82(0.42–1.59)

No 120 292 1.00

White blood cell count
(mean ± SD) (/μl)(odds
ratio per 100/μl increase)

6,502±2,004 6,026±1,851 1.013 (1.002–1.023) 0.02

Neutrophil count (mean ±
SD) (/μl)(odds ratio per
100/μl increase)

4,198±1,849 3,858±1,958 1.009 (0.999–1.019) 0.09

Lymphocyte count (mean ±
SD) (/μl)(odds ratio per
100/μl increase)

1,683±571 1,639±541 1.015 (0.978–1.053) 0.43

Albumin level (mean ± SD)
(g/dl)(odds ratio per 1 g/dl decrease)

3.9±0.6 3.9±0.5 0.80 (0.56–1.14) 0.22

C-reactive protein level
(mean ± SD)
(mg/dl)(odds ratio per
1 mg/dl increase)

1.2±2.7 0.6±1.1 1.18(1.05–1.35) 0.01
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Glasgow prognostic score, determined according to the com-
bination of the C-reactive protein and albumin levels, predicts
the occurrence of postoperative infection in patients with
colorectal cancer [18]. However, the reason why the preoper-
ative C-reactive protein levels are a risk factor for the devel-
opment of postoperative infectious disease is not fully
understood.

On the other hand, it has often been reported that preoper-
ative elevation of C-reactive protein predicts poor survival in
patients with colorectal cancer [19, 20]. Alexandrakis et al.
reported that the C-reactive protein levels in cancer patients
may result from tissue inflammation or immune responses to
tumor growth [21]. Interestingly, there are also reports that, in
patients with esophageal cancer, cancer itself produces C-
reactive protein [22, 23]. However, the mechanisms underly-
ing the elevation of C-reactive protein in cancer patients
remain unclear.

C-reactive protein was first identified in 1930 and subse-
quently presumed to be an early indicator of infectious or
inflammatory conditions [10]. Although the function of C-
reactive protein is not fully understood, there are several

reports that elevation of C-reactive protein reflects mediated
immunity. Nozoe et al. and Leitch et al. reported that elevation
of C-reactive protein is associated with lymphopenia [24, 25].
Canna et al. reported that elevation of C-reactive protein
impairs the T lymphocytic response; in other words, the serum
C-reactive protein level is inversely correlated with the level
of tumor CD4+ T lymphocytes in patients with colorectal
cancer [26]. Additionally, Mold et al. reported that in vitro,
in the presence of lipopolysaccharide, C-reactive protein en-
hances IL-10 synthesis and inhibits IL-12 synthesis by
interacting with FcγR [27]. Accordingly, we hypothesize the
existence of a relationship between postoperative infectious
complications and compromised immunity in patients with
elevated C-reactive protein levels. More studies are needed to
analyze the relationship between the C-reactive protein levels
and the postoperative infectious complications.

Nevertheless, there have been several reports indicating
that perioperative blood loss is an independent risk factor for
the development of postoperative infectious complications
[28–30]. As a plausible explanation, it is believed that hypo-
volemia and reductions in tissue oxygenation caused by the
loss of red blood cells are detrimental to healing and increase
the risk of infection and tissue dehiscence [31, 32].

In our study, we recognize several limitations. First, we
cannot deny the existence of occult infection in patients with
elevated preoperative C-reactive protein levels. However, in this
study, no patients became feverish or exhibited signs of infection
or other clinical symptoms on diagnosis. Second, this study was
a retrospective study not a prospective study. There were no
standardized procedures of surgical techniques or perioperative
care. Third, there are other reported risk factors for the develop-
ment of postoperative infectious complications, such as
intraoperative hypotension, hypothermia, and the postoperative
glucose levels, which we did not include in the database.

We recognize several weak points of our study. First, Moyes
et al. reported that the preoperative C-reactive protein levels

Table 5 Multivariate analysis of postoperative infection

Odds ratio (95 %CI) P value

Sex 1.19 (0.73–1.95) 0.50

Tumor site 1.23 (0.70–2.15) 0.47

( odds ratio per 100/μl increase) 1.01 (0.99–1.02) 0.44

C-reactive protein level (odds ratio per
1 mg/dl increase)

1.17 (1.02–1.37) 0.02

Operative time(odds ratio per 10 min
increase)

1.00 (0.95–1.04) 0.85

Blood loss(odds ratio per 100 g increase) 1.13 (1.06–1.23) <0.01

Procedure 1.38 (0.70–2.82) 0.36

Ostomy formation 0.96 (0.49–1.87) 0.90

Table 4 Univariate analysis of
the association between surgical
factors and the incidence of post-
operative infectious
complications

Infection Odds ratio (95% CI) P value

Yes No

Number 133 331

Operative time (mean ± SD) (min)
(odds ratio per 10 min increase)

263±114 216±71 1.06 (1.04–1.09) <0.01

Blood loss (mean ± SD) (ml)(odds
ratio per 100 g increase)

902±2,008 250±330 1.17 (1.11–1.23) <0.01

Procedure <0.01

Laparoscopic-assisted surgery 21 105 1.00

Open surgery 112 226 2.48 (1.47–4.17)

Ostomy formation <0.01

Yes 44 512.71 (1.70–4.34)

No 89 280 1.00
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were not an independent risk factor in a similar multivariate
analysis [18]. However, that study slightly differed from our
study in terms of the analyzed patients. Specifically, that study
included emergency operations. In addition, postoperative in-
fectious complications in that study occurred in 15.3% patients,
which was lower than the rate in our study. Second, we could
not obtain a useful cutoff value for the preoperative C-reactive
protein level with regard to predicting the development of
postoperative infectious complications.

Nonetheless, it is very interesting that preoperative eleva-
tion of the C-reactive protein level has been associated with
both the incidence of postoperative infectious complications
and poor survival in patients with colorectal cancer. Therefore,
we are planning to analyze the relationship between the ele-
vation of the C-reactive protein level and preoperative
compromised immunity. We would consider less invasive
surgery or providing more intensive perioperative care to
patients with elevated preoperative C-reactive protein levels.

Conclusions

This study provides evidence of an association between the
preoperative C-reactive protein levels and the incidence of
postoperative infectious complications following colorectal
surgery, which should be confirmed in prospective and appro-
priately designed studies. To prevent postoperative infectious
complications or the worsening of infections, colorectal sur-
geons should carefully observe patients who show elevated
preoperative C-reactive protein levels.

Conflicts of interest None.
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