
ORIGINAL ARTICLE

Diagnostic Accuracy of C-reactive Protein
for Intraabdominal Infections After Colorectal Resections

Hartwig Kørner & Hans Jørgen Nielsen &

Jon Arne Søreide & Bjørn S. Nedrebø & Kjetil Søreide &

Jens C. Knapp

Received: 30 March 2009 /Accepted: 11 May 2009 /Published online: 29 May 2009
# 2009 The Society for Surgery of the Alimentary Tract

Abstract
Background Intraabdominal infections are caused mainly by anastomotic leaks and represent a serious complication.
Diagnosis is usually made when patients become critically ill. Though inflammatory markers, including C-reactive protein
(CRP) and white blood count (WBC), may contribute to an early diagnosis, their clinical roles remain unclear. The
diagnostic accuracy of continuous tests depends on the choice of cut-off values. We analyzed the diagnostic accuracy of
serial CRP and WBC measurements to detect infectious complications after colorectal resections.
Patients and Methods The CRP and WBC were routinely measured postoperatively in 231 consecutive patients undergoing
colorectal resection. Clinical outcome was registered with regard to postoperative complications. The diagnostic accuracy of
CRP and WBC was analyzed by receiver operating characteristics (ROC) curve analysis with intra- and extraabdominal
infectious complications as the outcome.
Results Increased CRP levels on postoperative day (POD) 3 were associated with intraabdominal infections. The best cut-
off value was 190 (sensitivity, 0.82; specificity, 0.73). The area under the ROC curve was 0.82. On POD 5 and 7, the
diagnostic accuracy of CRP was similar.
Conclusion Serial CRP measurements are helpful for detecting intraabdominal infections after colorectal resection.
Persistently elevated CRP values after POD 3 should be investigated for intraabdominal infection.
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Introduction

Colorectal surgery is associated with overall complication
rates of more than 30% and a perioperative mortality of 3–
4%.1–4 Despite the use of preoperative antibiotic prophy-
laxis, infections still represent the most frequent cause of
perioperative morbidity.5–8 Intraabdominal infections are
related primarily to anastomotic leaks and are potentially
life-threatening. Anastomotic leaks occur with a frequency
of up to 23%.9–11 In roughly half of patients, anastomotic
leaks are clinically silent11 and may first become evident
after a median of 8 days, often when patients have
developed critical illness.12 Consequently, it is important
to diagnose infectious complications early in order to
initiate either surgical or conservative treatment, preventing
serious postoperative morbidity or death. However, there is
presently no reliable diagnostic test with sufficient accuracy
available to detect anastomotic leaks at an early stage.11,13
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Several biochemical tests are used to detect inflamma-
tory activity in postoperative patients, including C-reactive
protein (CRP), interleukins, and procalcitonin.14–16 The
measurement of CRP in the serum is the most available test
and has been used widely in clinical practice to detect
infections and monitor their treatment.17–20 Recently, it was
shown that CRP might be useful for diagnosing anasto-
motic leaks after pancreatic and rectal resections with
sensitivities and specificities between 65% and 80%.21,22

However, CRP levels change considerably during the
postoperative course in both uncomplicated and complicat-
ed cases, and they are not specific to any one kind of
complication.22 Accordingly, it is important to take into
account postoperative changes in CRP levels observed by
serial measurements after surgery. In addition, other factors,
like the nutritional state of the patient, may influence the
response of biochemical tests and make the correct
interpretation of test results difficult.8,23

C-reactive protein is measured as a continuous variable.
The diagnostic accuracy of continuous variables strongly
depends on the chosen cut-off value.24 A correct statistical
approach has been to analyze the complete spectrum of
observed test results. Receiver operating characteristics
curve (ROC) analysis is considered the appropriate statis-
tical method for this purpose.25

In our department, CRP measurements are performed on
scheduled postoperative days (POD) as a part of the follow-
up for patients undergoing colorectal surgery. In this study,
we wanted to analyze the diagnostic accuracy of serial CRP
measurements after colorectal resections to detect intra-
abdominal infections using ROC analysis in a large series
of unselected consecutive patients.

Patients and Methods

Our institution offers surgical services as the only
hospital for a population of 300,000. Between January
and December 2004, 246 consecutive patients underwent
colorectal resections at our department. Data regarding
diagnoses and procedures, biochemical tests, and radio-
logical procedures were retrieved from the electronic
patient registry of our hospital. Patient charts were
reviewed retrospectively with regard to the clinical
details of postoperative complications or death. Complete
data were available for the analysis of 231 (94%)
patients.

Preoperative routines included high calorie carbohydrate
drinks until 2 h before surgery, subcutaneous low molecular
heparin, and antibiotic prophylaxis (400 mg doxycycline
i.v. and 1.5 g metronidazole i.v. at least 30 min before
surgery). Mechanical bowel preparation was not used
routinely. Patients received peroral nutrition immediately

after surgery according to their personal preferences and
abilities and intravenous Ringer acetate if necessary.

On the day before the surgery, all patients had routine
blood tests, including hemoglobin, creatinine, electrolytes,
CRP, and white blood count (WBC). Postoperatively, all
patients had a daily clinical assessment, and routine blood
tests were repeated on POD 1, 3, 5, and 7. Additional
investigations, including radiological or endoscopic proce-
dures, were employed as indicated clinically.

Definitions

Postoperative complications were defined as all adverse
events encountered during the first 30 days after surgery,
which was until the discharge of the patient from the
hospital or their readmission to our department or outpa-
tient contact due to complications. Patients were examined
for the presence of any infection according to general
surgical practice: clinical symptoms, temperature ≥38°C,
and/or increased inflammatory biochemical markers (i.e.,
CRP or WBC). Intraabdominal infection was defined as an
infection, either diffuse or abscess, within the abdominal
cavity or the presence of an anastomotic leak. An
anastomotic leak was confirmed by radiology (i.e., contrast
enhanced multi-detector CT scan or conventional radiology
with water soluble contrast enema), endoscopy, or during
surgical exploration. Other infectious complications were
defined as extraabdominal infections, mostly urinary tract
infections (i.e., bacteriuria >10,000/ml with or without
clinical symptoms) or pneumonia (temperature ≥38°C,
clinical findings, and/or pulmonary infiltration at chest X-
ray), or wound infections (i.e., phlegmonous inflammation
or abscess formation in the surgical wound). Cardiovascu-
lar complications included acute myocardial infarction,
stroke, pulmonary thromboembolism, or deep venous
thrombosis.

Biochemical Analysis

The WBC (reference range 4–10×109/L) was analyzed
using a hematological blood analyzer (Advia 120, Bayer, or
CellDyn, Abbott). The CRP concentration (normal range 0–
10 mg/L) was measured by immunoturbidimetric assay
(Roche, Switzerland).

Statistics

Data were analyzed using frequency tables for category
variables. The median value was used as a measure of the
central tendency for continuous variables with non-normal
distributions. The chi-square test was used for comparing
category variables and the Mann–Whitney U test for
continuous variables. The diagnostic accuracy of inflam-
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matory tests, CRP or WBC, was assessed by ROC curve
analysis.24–26 This method calculates the sensitivity and
specificity of each observed test result with regard to a
defined classification variable, identifying the best cut-off
value as the test result with the highest sensitivity and
specificity. A ROC curve is obtained by plotting the
sensitivity (fraction of true positives, y-axis) against 1-
specificity (fraction of false negatives, x-axis). The point on
the ROC curve closest to the left upper corner represents
the best cut-off value. The area under the ROC curve
(AUC) is a direct measure of the diagnostic accuracy of the
test. An AUC value greater than >50% indicates the ability
of a test to significantly discriminate between positive and
negative cases with regard to the classification variable
(e.g., presence or absence of disease). A test with an AUC
greater than 0.80 was considered as having a high

diagnostic accuracy, which indicates that at least 80% of
the patients with the disease were classified correctly.

A P value <0.05 (two-sided tests) was considered
significant.

Results

Surgical Treatment

Two hundred and thirty-one patients (125 females, 54%)
underwent colorectal resection (Table 1). The median age was
71 years (range, 18–93) in both sexes. Significantly more
elderly patients (≥71 years of age) had comorbidities as
expressed by ASA class III and IV (47% vs. 30%; P<0.001).
The distribution of diagnoses and surgical procedures is

Table 1 Clinical Characteristics of 231 Patients Treated by Colorectal Resection, Including the Distribution of Diagnoses and Surgical
Procedures

Total number P valuea Intraabdominal infection Extraabdominal infection P valueb

N (%) N (%)

Sex 0.24 0.45

Male 106 11 (5) 15 (6)

Female 125 7 (3) 17 (7)

Age groupc 1 0.40

≤71 116 9 (4) 12 (5)

>71 115 9 (4) 20 (9)

ASA <0.001 0.14

1 34 2 (1) 2 (1)

2 107 4 (2) 14 (6)

3 66 7 (3) 10 (4)

4 24 3 (1) 6 (3)

Emergency <0.001 <0.05

No 176 10 (5) 20 (9)

Yes 55 7 (3) 10 (5)

Diagnosis <0.001 0.14

CRC 146 9 (4) 21 (9)

IBD 16 0 (0) 2 (1)

Others 69 9 (4) 9 (4)

Type of anastomosis 0.4 0.05

Entero-colic 97 4 (2) 16 (7)

Colo-colic 60 10 (4) 4 (2)

Pelvic 47 3 (1) 9 (4)

Ostomy 27 1 (0) 3 (1)

Other diagnoses included colorectal adenoma, complicated appendicitis, or diverticular disease. The number of infectious complications with
regard to intra- and extraabdominal infections (i.e., pneumonia, urinary tract infection, or surgical site infection) are given
aP value between groups in category
bP value between groups of infection
c Age groups defined by median age
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shown in Table 1. Most patients (77%) were operated
electively. The majority of patients (n=146; 63%) were
treated for colorectal cancer (CRC) and 16 (7%) for
inflammatory bowel disease (IBD). The remaining patients
(n=69; 30%) underwent surgery for various indications (i.e.,
diverticular disease, bowel obstruction, colorectal adenoma,
and complicated appendicitis). Significantly more proximal
resections, ileocecal resection and right colectomy, were
done as emergency procedures (P=0.007). Resections were
performed according to current surgical standards with both
hand-sewn or stapled anastomoses. Rectal resections were
performed with a triple stapling technique.27 Most proce-
dures were done by open surgery, and ten (4%) laparoscopy-
assisted sigmoid resections were performed. Two hundred
and one (87%) of the procedures included an anastomosis,
mostly entero-colostomy (P=0.001).

Complications

Complications were encountered in 60 (26%) patients.
The majority of complications were extraabdominal
infections (n=33, 55%), followed by intraabdominal
infections (n=18, 30%). Intraabdominal infections were
diagnosed after a median time of 8 days (95% confidence
interval, 4–9 days). There were eight cases of cardiovas-
cular complications and two cases of other complications.
Eight patients (13% of those with complications; 3% of all
patients) died within 30 days after surgery. Seven of these
eight postoperative deaths were related to complications,
two to intraabdominal sepsis, three to other infections, and
two to cardiovascular complications. The clinical charac-
teristics with regard to extra- or intraabdominal infections
are shown in Table 1. Complications were encountered

significantly more often after emergency operations and
were related to the type of anastomosis. Fifteen (83%) of
the 18 patients with intraabdominal infections underwent
either surgical treatment or percutaneous drainage, and
three were treated conservatively.

Inflammatory Markers

The test results for inflammatory markers during the
postoperative course and with regard to complications are
shown in Table 2. On POD 1, increased CRP levels of
approximately 100 Mg/L were observed in all patients.
Eventually, CRP decreased in patients with an uncompli-
cated postoperative course (Fig. 1a). In contrast, CRP
eventually increased over the following days when compli-
cations occurred. The increase was significantly higher in
patients with intraabdominal complications as compared to
other sites of infection (median, 257 Mg/L vs. 202 U/mL,
P=0.024; Table 2). This difference was even greater on
POD 5 and 7. The baseline course of CRP values was
similar irrespective of IBD or CRC (Fig. 1b).

The postoperative WBC levels were less than 10.0 in
patients without complications and were only slightly
elevated in patients with extraabdominal infections
(Fig. 1c). However, in patients with intraabdominal com-
plications, a significantly increased WBC (median 14.2,
P=0.02) was encountered on POD 3.

The results of the inflammatory marker ROC analysis
with regard to intra- and extraabdominal complications are
shown in Table 3. On POD 3, a cut-off value of >190 for
CRP was associated with the occurrence of intraabdominal
complications, providing a sensitivity of 82%, specificity of
73%, and a high diagnostic accuracy (AUC, 0.82; 95% CI,

Table 2 Test Results for C-reactive Protein (CRP) and White Blood Count (WBC) During the Postoperative Course of 231 Patients who
Underwent Colorectal Surgery

Median (lowest-highest) uncomplicated Median (lowest-highest)
intraabd. sepsis

Median (lowest-highest)
other infection

P value

CRP preop. 5 (5–559) 8 (5–211) 5 (5–413) 0.95

CRP day 1 112 (12–462) 96 (35–331) 124 (15–463) <0.001

CRP day 3 114 (5–548) 257 (74–586) 202 (26–424) 0.024

CRP day 5 54 (5–543) 202 (60–406) 87 (20–342) 0.0014

CRP day 7 48 (5–574) 246 (35–336) 99 (5–333) 0.003

WBC preop. 7.5 (0.6–33.4) 6.6 (2.5–16.5) 7.8 (0.6–14.6) 0.93

WBC day 1 9.5 (0.4–13.8) 11.4 (6.3–15.3) 11.4 (0.4–16.2) 0.31

WBC day 3 9 (0.4–22.7) 14.2 (7.2–18.4) 11.1 (0.5–13.7) 0.02

WBC day 5 7.6 (0.6–23.2) 9.9 (6.9–19.5) 9 (0.3–29.8) 0.36

WBC day 7 9 (0.7–19.4) 13.3 (7.5–24.8) 11.2 (5.4–31.3) 0.13

Tests were taken at postoperative days 1, 3, 5, and 7. The upper normal value of CRP was <10 u/mL and 10.0 for WBC. Median, lowest, and
highest values are given for patients without complications, patients with intraabdominal infections, and patients with other infections. The median
values for intraabdominal and other infections were compared by the Mann–Whitney U test
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0.76–0.87; P=0.0001; Fig. 2). On POD 5 and 7, similar
results were found (Fig. 3). Cut-off values for WBC were
only slightly increased above the upper normal limit and
were associated with lower sensitivity and specificity. The

diagnostic accuracy was lower for WBC, as expressed by
AUC values <0.80.

The ROC analysis of CRP with regard to other infections
resulted in AUC values with significant information on
POD 3 and 5 compared to POD 1 for WBC (Table 3).
However, the AUC values were less than 0.70. In general,
the cut-off values of WBC with the highest diagnostic
accuracy were mostly within the normal range or showed a
mild increase and had low sensitivity and specificity.

Discussion

In our study, an infectious complication was encountered after
colorectal resection in one out of every four patients, and one
third of the infectious complications were localized in the
abdomen. Intraabdominal infections are mostly caused by
anastomotic leaks, which are still a potentially life-threatening
condition. Unfortunately, the diagnosis is often made on
POD 8 or later, when many patients present with signs of
serious illness or even sepsis, which was also true in the
present study.12 Thus, a method for the early identification of
patients at risk for intraabdominal infection would be of
clinical importance. Inflammatory markers like CRP and
WBC are part of the standard repertoire of available
biochemical blood tests and have been used in clinical
practice for years. However, the surgical literature is sparse
with regard to the systematic use of CRP and WBC in this
aspect. Recently, the possible role of CRP to detect
anastomotic leaks after rectal resection was addressed in
two studies.22,28 Both studies reported persistently increased
CRP values after POD 2–4 in patients later diagnosed with
an anastomotic leak. Matthiessen et al.28 prospectively studied
several risk factors for anastomotic leaks in 33 patients, and
Welsch et al.22 compared 48 patients with anastomotic leaks
to 48 matched patients with an uncomplicated postoperative
course from a large database. However, in both studies, the
median CRP values were used as cut-offs with their
corresponding diagnostic accuracy.

Our study reports on serial postoperative CRP measure-
ments on a routine basis in 231 consecutive patients

�Figure 1 Serial measurement of inflammatory markers in 231
patients undergoing colorectal resection. Median values with 95%
confidence intervals are given. a C-reactive protein (CRP) increased in
all patients on postoperative day (POD) 1. The CRP increase on
POD 3 was highest in patients who developed intraabdominal
infections, and it persisted on POD 5 and 7 (red line). In
uncomplicated cases (yellow line), CRP decreased after POD 3. In
patients with extraabdominal infections (blue line), the CRP increase
was smaller and decreased after POD 3. b WBC changes were limited
and showed small differences with regard to complications. c CRP
values were similar during the postoperative course in patients
undergoing surgery for inflammatory bowel disease or colorectal
cancer.
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undergoing colorectal resection. We elaborated the cut-off
values with the highest diagnostic accuracy by ROC
analysis on each POD with the scheduled blood tests. The
advantage of our statistical approach is the possibility to
consider the complete spectrum of the observed test results,
not only a single value like the median. In our study, the
cut-off value with the highest diagnostic accuracy was

found to be lower than the median values. Our results
clearly support the findings from earlier studies22,28

showing that increased CRP values on POD 3 strongly
indicate a high risk for developing an anastomotic leak

Table 3 Receiver Operating Characteristics Curve Analysis of C-reactive Protein (CRP) and White Blood Count (WBC) During the
Postoperative Course of 231 Patients After Colorectal Surgery

Cut-off value Sensitivity
(95% CI)

Specificity
(95% CI)

AUC (95% CI) P value Cut-off 90% sens. Cut-off 90% spec.

Intraabdominal infection

CRP day 1 89 50 (25–75) 61 (53–69) 0.53 (0.46–0.6) 0.66 226 45

CRP day 3 190 82 (56–96) 73 (66–79) 0.82 (0.76–0.87) <0.001 81 269

CRP day 5 154 75 (48–93) 86 (80–91) 0.87 (0.88–0.92) <0.001 65 171

CRP day 7 215 75 (48–93) 94 (88–97) 0.86 (0.79–0.91) 0.001 35 –

WBC day 1 10.6 62 (32–86) 63 (54–71) 0.58 (0.49–0.66) 0.38 6.5 –

WBC day 3 13.1 69 (39–91) 82 (74–88) 0.76 (0.68–0.83) 0.002 7.2 14.8

WBC day 5 9.4 80 (44–97) 72 /62–81) 0.72 (0.63–0.81) 0.02 6.9 18.4

WBC day 7 12.5 67 (35–90) 80 (68–89) 0.77 (0.66–0.86) 0.001 7.5 15.1

Extraabdominal infection

CRP day 1 77 89 (70–97) 31 (24–39) 0.59 (0.51–0.66) 0.17 59 323

CRP day 3 114 78 (60–91) 52 (44–60) 0.66 (0.59–0.72) 0.005 57 270

CRP day 5 65 72 (53–87) 57 (49–65) 0.62 (0.55–0.69) 0.045 29 211

CRP day 7 57 73 (52–88) 56 (46–66) 0.62 (0.53–0.70) 0.07 13 228

WBC day 1 10.2 72 (53–92) 64 (54–72) 0.69 (0.61–0.77) 0.005 8.8 15.3

WBC day 3 9.7 82 (60–95) 60 (50–69) 0.62 (0.53–0.70) 0.09 6.6 –

WBC day 5 8.6 61 (36–73) 62 (51–73) 0.62 (0.52–0.73) 0.12 6.2 13.5

WBC day 7 7.6 94 (71–99) 36 (27–49) 0.62 (0.50–0.73) 0.13 7.5 15.1

Analysis was performed with regard to intraabdominal infections and other infectious complications. The best cut-off value, sensitivity, specificity,
area under the ROC curve (AUC), and 95% confidence intervals (95% CI) are given, as well as values for 90% sensitivity and specificity. The P
value of the AUC indicates the statistical ability to discriminate between positive and negative cases (AUC>0.50)

Figure 3 Diagnostic accuracy (DA) of CRP with regard to intra-
abdominal infections after colorectal resection as expressed by the
ROC curve. Comparison of ROC curves shows that the diagnostic
accuracy was similar on POD 3, 5, and 7, as expressed by the AUC
values of 0.82, 0.87, and 0.86, respectively.

Figure 2 Dot diagram of CRP values on POD 3 of all patients
according to type of complication. The dotted line indicates the cut-off
value with highest sensitivity and specificity as revealed by ROC
analysis. CRP values greater than 190 Mg/L were observed in 15 of
18 patients (83%) with intraabdominal infection.
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during the later course. The diagnostic accuracy of CRP on
POD 3 was as high as it was on POD 5 and 7. Accordingly,
in patients with high CRP levels on POD 3, an undetected
anastomotic leak should be suspected if the increased CRP
levels are not easily explained by some other obvious
diagnosis or condition. This view is challenged by others29

who analyzed the perioperative use of CRP measurements
in 201 patients undergoing elective general surgery. The
study did not recommend the routine use of measuring CRP
but only when clinically indicated. However, the study
focused on perioperative CRP measurements, which were
not taken according to a routine schedule. Furthermore,
their study did not report on the details of the surgical
procedures or complications. However, our results indicate
that serial postoperative CRP measurements in patients
undergoing colorectal resection after POD 3 may contribute
to an earlier diagnosis of an anastomotic leak.

The aforementioned studies22,28 related their findings to
surgically homogenous patient groups undergoing rectal
resection. However, CRP is not specific for any organ site
or particular procedure. Our study on unselected patients
undergoing colorectal resection for the most common
indications (CRC, IBD, or common colorectal emergencies)
shows that similar findings apply as for rectal resection. Other
reports demonstrated similar unfavorable results in patients
with a persistent increase in CRP undergoing pancreatic
resection21 or combined pancreas–kidney transplantation.30

Our findings are based on a retrospective evaluation of
231 consecutive patients. In line with others, the number of
clinical events (18 patients with intraabdominal infections)
was rather low, which limits the statistical power of our
analyses. Consequently, our findings must be interpreted
with caution. Prospective studies are warranted to evaluate
the clinical validity and relevance of our findings. However,
despite this limitation, our study provides support for the
view that serial measurements of CRP after colorectal
resection are useful for identifying patients at risk for
developing intraabdominal infections. We suggest that, in
patients with persisting high, or even increasing, CRP
values after POD 3, diagnostic efforts should be considered
to exclude any anastomotic leak, particularly when other
causes of increased CRP levels are unlikely.

Conclusion

Increased CRP values of 190 Mg/L or more on POD 3 after
colorectal resections were associated with anastomotic leak
in four of every five patients, particularly when CRP did
not decrease the following days. Serial CRP measurements
are helpful for detecting intraabdominal infections after
colorectal resection. Persistently elevated CRP values after
POD 3 should be investigated for intraabdominal infection.

References

1. Alves A, Panis Y, Bouhnik Y, Pocard M, Vicaut E, Valleur P. Risk
factors for intra-abdominal septic complications after a first
ileocecal resection for Crohn’s disease: a multivariate analysis in
161 consecutive patients. Dis Colon Rectum 2007;50:331–336.
doi:10.1007/s10350-006-0782-0.

2. Alves A, Panis Y, Mathieu P, Mantion G, Kwiatkowski F, Slim K.
Postoperative mortality and morbidity in French patients under-
going colorectal surgery: results of a prospective multicenter
study. Arch Surg 2005;140:278–283. discussion 284. doi:10.1001/
archsurg.140.3.278.

3. Nakamura T, Mitomi H, Ihara A, Onozato W, Sato T, Ozawa H,
Hatade K, Watanabe M. Risk factors for wound infection after
surgery for colorectal cancer. World J Surg 2008;32:1138–1141.
doi:10.1007/s00268-008-9528-6.

4. Sjo O, Larsen S, Lunde O, Nesbakken A. Short term outcome
after emergency and elective surgery for colon cancer. Colorectal
Dis 2008. doi:10.1111/j.1463-1318.2008.01613.x.

5. Fujita S, Saito N, Yamada T, Takii Y, Kondo K, Ohue M, Ikeda E,
Moriya Y. Randomized, multicenter trial of antibiotic prophylaxis
in elective colorectal surgery: single dose vs 3 doses of a second-
generation cephalosporin without metronidazole and oral anti-
biotics. Arch Surg 2007;142:657–661.

6. Tornqvist A, Ekelund G, Forsgren A, Leandoer L, Olson S,
Ursing J. Single dose doxycycline prophylaxis and peroperative
bacteriological culture in elective colorectal surgery. Br J Surg
1981;68:565–568.

7. Wetterfors J, Hoejer H. Prophylaxis with doxycycline (Vibramy-
cin) in colorectal surgery. Scand J Gastroenterol Suppl
1980;59:12–16.

8. Rovera F, Dionigi G, Boni L, Piscopo C, Masciocchi P,
Alberio MG, Carcano G, Diurni M, Dionigi R. Infectious
complications in colorectal surgery. Surg Oncol 2007;16(1):
S121–S124.

9. Kanellos I, Vasiliadis K, Angelopoulos S, Tsachalis T, Pramatef-
takis MG, Mantzoros I, Betsis D. Anastomotic leakage following
anterior resection for rectal cancer. Tech Coloproctol 2004;8(1):
s79–s81.

10. Peeters KC, Tollenaar RA, Marijnen CA, Klein Kranenbarg E,
Steup WH, Wiggers T, Rutten HJ, van de Velde CJ. Risk factors
for anastomotic failure after total mesorectal excision of rectal
cancer. Br J Surg 2005;92:211–216.

11. Nesbakken A, Nygaard K, Lunde OC, Blucher J, Gjertsen O,
Dullerud R. Anastomotic leak following mesorectal excision for
rectal cancer: true incidence and diagnostic challenges. Colorectal
Dis 2005;7:576–581.

12. Alves A, Panis Y, Pocard M, Regimbeau JM, Valleur P.
Management of anastomotic leakage after nondiverted large
bowel resection. J Am Coll Surg 1999;189:554–559.

13. Komen N, de Bruin RW, Kleinrensink GJ, Jeekel J, Lange JF.
Anastomotic leakage, the search for a reliable biomarker. A
review of the literature. Colorectal Dis 2008;10:109–115.

14. Castelli GP, Pognani C, Cita M, Stuani A, Sgarbi L, Paladini R.
Procalcitonin, C-reactive protein, white blood cells and SOFA
score in ICU: diagnosis and monitoring of sepsis. Minerva
Anestesiol 2006;72:69–80.

15. Chung YC, Chang YF. Serum C-reactive protein correlates with
survival in colorectal cancer patients but is not an independent
prognostic indicator. Eur J Gastroenterol Hepatol 2003;15:369–
373.

16. Kragsbjerg P, Holmberg H, Vikerfors T. Serum concentrations of
interleukin-6, tumour necrosis factor-alpha, and C-reactive protein
in patients undergoing major operations. Eur J Surg 1995;161:17–
22.

J Gastrointest Surg (2009) 13:1599–1606 1605

http://dx.doi.org/10.1007/s10350-006-0782-0
http://dx.doi.org/10.1001/archsurg.140.3.278
http://dx.doi.org/10.1001/archsurg.140.3.278
http://dx.doi.org/10.1007/s00268-008-9528-6
http://dx.doi.org/10.1111/j.1463-1318.2008.01613.x


17. Gupta R, Singh R, Soni M. C-reactive protein (CRP) as an
indicator of sepsis in orthopaedic trauma. Indian J Med Sci
2002;56:501–507.

18. Mehra A, Langkamer VG, Day A, Harris S, Spencer RF. C
reactive protein and skin temperature post total knee replacement.
Knee 2005;12:297–300.

19. Melbye H, Hvidsten D, Holm A, Nordbo SA, Brox J. The course
of C-reactive protein response in untreated upper respiratory tract
infection. Br J Gen Pract 2004;54:653–658.

20. Peltola H, Luhtala K, Valmari P. C-reactive protein as a detector of
organic complications during recovery from childhood purulent
meningitis. J Pediatr 1984;104:869–872.

21. Welsch T, Frommhold K, Hinz U, Weigand MA, Kleeff J, Friess
H, Buchler MW, Schmidt J. Persisting elevation of C-reactive
protein after pancreatic resections can indicate developing
inflammatory complications. Surgery 2008;143:20–28.

22. Welsch T, Muller SA, Ulrich A, Kischlat A, Hinz U, Kienle P,
Buchler MW, Schmidt J, Schmied BM. C-reactive protein as early
predictor for infectious postoperative complications in rectal
surgery. Int J Colorectal Dis 2007;22:1499–1507.

23. Cruickshank AM, Hansell DT, Burns HJ, Shenkin A. Effect of
nutritional status on acute phase protein response to elective
surgery. Br J Surg 1989;76:165–168.

24. Robertson EA, Zweig MH. Use of receiver operating character-
istic curves to evaluate the clinical performance of analytical
systems. Clin Chem 1981;27:1569–1574.

25. Zweig MH, Campbell G. Receiver-operating characteristic (ROC)
plots: a fundamental evaluation tool in clinical medicine. Clin
Chem 1993;39:561–577.

26. Soreide K. Receiver-operating characteristic (ROC) curve analysis
in diagnostic, prognostic and predictive biomarker research. J Clin
Pathol 2009;62:1–5.

27. Sugihara K, Moriya Y, Akasu T, Fujita S. Triple-stapled low
colorectal anastomosis for the narrow pelvis. Dis Colon Rectum
1997;40:117.

28. Matthiessen P, Henriksson M, Hallbook O, Grunditz E, Noren B,
Arbman G. Increase of serum C-reactive protein is an early
indicator of subsequent symptomatic anastomotic leakage after
anterior resection. Colorectal Dis 2008;10:75–80.

29. Cole DS, Watts A, Scott-Coombes D, Avades T. Clinical utility of
peri-operative C-reactive protein testing in general surgery. Ann R
Coll Surg Engl 2008;90:317–321.

30. Wullstein C, Drognitz O, Woeste G, Schareck WD, Bechstein WO,
Hopt UT, Benz S. High levels of C-reactive protein after simulta-
neous pancreas-kidney transplantation predict pancreas graft-related
complications and graft survival. Transplantation 2004;77:60–64.

1606 J Gastrointest Surg (2009) 13:1599–1606


	Diagnostic Accuracy of C-reactive Protein �for Intraabdominal Infections After Colorectal Resections
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and Methods
	Definitions
	Biochemical Analysis
	Statistics

	Results
	Surgical Treatment
	Complications
	Inflammatory Markers

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


