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Abstract 

Background/Aim. C-reactive protein (CRP) is considered to 
be an indicator of postoperative complications in abdominal 
surgery. The aim of this study was to determine the significance 
of serial measurement of CRP in drainage fluid in the detection 
of anastomotic leakage (AL) in patients with colorectal resec-
tion. Methods. CRP values in serum and drainage fluid, re-
spectively, were measured on the first, third, fifth, and seventh 
postoperative day (POD) in 150 patients with colorectal resec-
tion and primary anastomosis. The values obtained were com-
pared between the groups of patient without complications of 
surgical treatment and those with AL. Results. Clinically evi-
dent AL was observed in 15 patients – in two (4.2%) patients 
with left colonic surgery, and 13 (12.6%) patients with colorec-
tal anastomosis. Mean values of CRP were higher in the pa-
tients with AL than in the patients without complications, both 
in serum and drainage fluid, with the most significant differ-
ences recorded on the PODs 5 and 7 (p < 0.001). Correlation 
analysis showed a positive correlation between serum and 
drainage fluid CRP levels in both groups of patients. Serum 
and drainage fluid CRP values on the PODs 5 and 7 are most 
important in the detection of AL. In 80% of patients with CRP 
values in the drainage fluid of 53 mg/L for the POD 5 and 42 
mg/L for the POD 7 AL was observed. The method specificity 
was 77% for the POD 5, and 83% for the POD 7. All the pa-
tients with CRP values in drainage fluid above 108 mg/L on 
the POD 5 and 93 mg/L on the POD 7 had AL. Conclusion. 
Serial measurement of CRP in drainage fluid can reliably be 
used in the detection of AL in patients with colorectal resec-
tion. The most significant values obtained on the PODs 5 
and 7 were positively correlated with the values registered in 
serum. 
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Apstrakt 

Uvod/Cilj. Smatra se da je C-reaktivni protein (CRP) indikator 
postoperativnih komplikacija u abdominalnoj hirurgiji. Cilj rada bio 
je da se utvrdi značaj serijskog merenja vrednosti CRP u drenažnoj 
tečnosti u detekciji dehiscencije anastomoze kod bolesnika sa  re-
sekcijom kolona i rektuma. Metode. Vrednosti CRP u serumu i 
drenažnoj tečnosti kod 150 bolesnika sa kolorektalnom resekcijom 
i primarnom anastomozom određivane su prvog, trećeg, petog i 
sedmog postoperativnog dana. Vrednosti CRP u serumu i dre-
nažnoj tečnosti upoređivane su između grupa bolesnika bez kom-
plikacija operativnog lečenja i sa dehiscencijom anastomoze. Re-
zultati. Klinički manifestnu dehiscenciju anastomoze imalo je 15 
bolesnika, dva (4,2%) sa kolokoloničnom i 13 (12,6%) sa kolorek-
talnom anastomozom. Srednje vrednosti CRP su bile veće kod 
bolesnika sa dehiscencijom anastomoze nego kod bolesnika bez 
komplikacija i u serumu i u drenažnoj tečnosti, sa statistički na-
jznačajnijim razlikama petog i sedmog postoperativnog dana 
(p < 0,001). Korelaciona analiza pokazala je postojanje pozitivne 
korelacije između vrednosti CRP u serumu i drenažnoj tečnosti 
kod obe grupe bolesnika. Najznačajnije vrednosti CRP u detekciji 
dehiscencije anastomoze dobijene su petog i sedmog postopera-
tivnog dana i za serum i za drenažnu tečnost. Kod 80% bolesnika 
sa dehiscencijom anastomoze CRP u drenažnoj tečnosti bio je 
iznad 53 mg/L petog i 42 mg/L sedmog postoperativnog dana. 
Specifičnost metode bila je 77% za peti i 83% za sedmi postopera-
tivni dan. Kod svih bolesnika sa CRP iznad 108 mg/L petog i 93 
mg/L sedmog postoperativnog dana registrovana je dehiscencija 
anastomoze. Zaključak. Serijsko merenje vrednosti CRP u dre-
nažnoj tečnosti pouzdano je u detekciji dehiscencije anastomoze 
kod obolelih sa kolorektalnom resekcijom. Najznačajnije vrednosti 
dobijene su petog i sedmog postoperativnog dana i u pozitivnoj su 
korelaciji sa vrednostima registrovanim u serumu. 

Ključne reči: 
c-reaktivni protein; prognoza; rana, hirurška, 
dehiscencija; hirurgija, operativne procedure; 
kolorektalne neoplazme. 
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Introduction 

Anastomotic leakage (AL) is the life-threatening com-
monest major complication after colorectal cancer surgery. 
Breakdown of anastomosis results in increased morbidity 
and mortality 1, 2 and adversely affects quality of life 3, dura-
tion of hospital stay, cost 1, 4 and cancer recurrence 5–7. The 
reported leak rate varies between 3% and 19% depending on 
the definition 1, 2, 8–11. 

Some studies including our one 12 have shown that ele-
vated serum C-reactive protein (CRP) concentrations in the 
postoperative period may predict an increased chance of pos-
toperative infection 13 and AL 14. The fact that CRP begins to 
increase before the occurrence of postoperative infectious 
complications, in contrast to clinical signs such as fever, 
tachycardia, and pain 13, makes it an ideal predictor of posto-
perative infectious complications. Since this is a non-
selective marker of inflammation, before searching for speci-
fic, it is necessary to exclude the other infectious complicati-
ons 13, 14. 

According to our knowledge there are no data on the 
determination of CRP in drainage fluid in the detection of 
AL in patients with colorectal resection. Peritoneal fluid in 
its composition is a filtrate of plasma and it is in equilibrium 
with serum. Our assumption is that the values of CRP in dra-
inage fluid reflect values obtained in serum.  

The aim of this study was to determine the sensitivity 
and specificity of CRP in drainage fluid in the detection of 
AL in patients with elective colorectal resection. 

Methods 

Our prospective study enrolled 150 patients with cancer 
of the left colon and rectum surgically treated at the Clinic 
for General Surgery, Military Medical Academy, Belgrade in 
the period from April, 2011 to November, 2012. Characteris-
tics of these patients were given in our previous article 12. 

The patients with clinical signs of infection or some ot-
her inflammatory condition present preoperatively were 
excluded from the study. The analysis involved only the pa-
tients in whom conventional elective, radical, or palliative 
surgical intervention was done, with colocolonic or colorec-
tal anasomosis, handsewn or stapled. All the operations were 
doune by the surgeouns performing at least 30 similar surgi-
cal procedures per year. Mechanical preoperative large 
bowel preparation was done only in those with rectal can-
cers. The patients surgically treated for tumor recurrence 
were excluded from the study. The creation of diverting 
ileostomy or transversocolostomy depended on the individu-
al assessment of surgeons. Before the closure of laparotomy 
incision, abdominal cavity of the patients was routinely drai-
ned with at least one drain placed in the area of the pouch of 
Douglas or in the presacral area, in the region of colorectal 
anastomosis. 

In the immediate postoperative course, within a month 
of surgery, all remote (pneumonia, urinary infection, infecti-
ons caused by central venous line) and surgical site (wound 
infection, AL, intraabdominal abscess collections) infectious 

complications were registered. Redness, edema, and purulent 
secretion at the site of laparotomy wound were the clinical 
criteria establishing the presence of infection in the surgical 
incision site 16. Clinical parameters of AL were defined by 
the presence of purulent or fecal content at the drain site, 
pelvic abscess, peritonitis, rectovaginal fistula, or the appea-
rance of purulent content from the rectum (per recti) 17. Rou-
tine, contrast-enhanced x-ray control of the anastomosis was 
not implemented, since the patients with asymptomatic lea-
kage, were not relevant for the study. In patients with low 
colorectal anastomosis, digital rectal examination was an in-
tegral part of the examination to detect possible AL. Intraab-
dominal abscesses were detected by way of the presence of 
purulent secretion after surgical or percutaneous ultrasound-
guided drainage of these collections 16. Appropriate clinical 
presentation with a positive x-ray finding in pneumonia, 
urinary sediment and urine culture in urinary infection, and 
positive blood culture in infections caused by central venous 
line, defined the presence of individual remote infections. 

On the first, third, fifth, and seventh postoperative day 
(POD), serum CRP levels were measured, utilizing the met-
hod immunonephelometry on a SIEMENS autoanalyzer 
(DADE Behring BN II). Drain fluid was collected from the 
intraperitoneal drains placed in the pelvis and CRP levels 
were measured by the same method at the Institute of Medi-
cal Biochemistry, Military Medical Academy, Belgrade. 

The usual descriptive statistic parameters were used in 
statistical analysis of the obtained results (mean value, sta-
ndard deviation, range, 95% confidence interval, frequency 
of individual characteristics). Depending on the normality of 
distribution of the observed parameters and the number of 
groups among which the statistical significance was sought 
for, non-parametric tests, the Mann-Whitney U-test and Pe-
arson´s correlation test were used. The sensitivity and 
specificity of relevant biochemical markers were analyzed 
using the receiver operating characteristic curve (ROC). 

Commercially available statistical software package 
SPSS version 17 (USA) was used for statistical analysis. 

Results 

We analyzed 150 patients in total, 94 (66.7%) men and 56 
(33.3%) women (male-to-female ratio, 1.7 : 1). The youngest 
operated patient was 33, and the oldest 87 years of age. The ave-
rage age of the patients was 65 ± 11 years.  

The overall morbidity rate associated with surgical trea-
tment was 34%, and mortality rate 4%. Surgical site infecti-
ons were observed in 41 (27.3%) and remote infections in 10 
(6.7%) patients. In 99 surgically treated patients postoperative 
course was without any complications. 

Clinically evident AL was observed in 15 patients – in 2 
(4.2%) patients with left colonic surgery, and 13 (12.6%) pati-
ents with colorectal anastomosis. The postoperative mortality ra-
te associated with AL was 13%, and out of 6 fatal outcomes, le-
akage was the immediate cause of death in two of the patients. 

Table 1 shows a comparison of the mean values of CRP 
in serum and drainage fluid for the observed PODs between 
the group of patients without complications and those with 
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AL. In all the patients, there was an increase of CRP, with 
maximum values reported for the POD 3, except for the CRP 
values in drainage fluid in the group of patients with AL. In 
those without complications, there was a descending tendency 
in serum and drainage fluid CRP values, significantly more 
evident compared to descending CRP values in those with AL. 
On the POD 1, there was no statistically significant differences 
in CRP values in the group of patients without complications 
and those with AL. On the PODs 5 and 7, there was a 
statistically most significant difference in the values of CRP in 
serum and drainage fluid between the group of patients 
without complications and with AL (p < 0.001). 

Table 2 shows the results of correlation analysis for CRP 
values in serum and drainage fluid in the group of patients 
without complications and those with AL for the observed 
days. Statistically highly significant positive correlation 
(p < 0.001) between the value of CRP in serum and drainage 
fluid is present for all the observed days in patients without 
complications, while the highest correlation in the group with 
AL was observed on the POD 7 (the highest value of the cor-
relation coefficient). 

Sensitivity and specificity of serum and drainage fluid 
CRP measurement in the detection of AL were analyzed using 
the ROC curve and were shown in Table 3 and Figures 1 and 2.  

Table 1  
Mean values of C-reactive protein (CRP) in serum and drainage fluid in the patients without complications and those 

with anastomotic leakage (AL) by postoperative days (POD 1, 3, 5, 7) 
CRP values (mg/L), ґ ± SD   

Sample Group without complications 
(n = 99) 

AL group (n = 15)  p 

Serum     
POD 1 95.15 ± 37.97 102.11 ± 39.65 0.532 0.595 
POD 3 113.47 ± 40.72 197.25 ± 75.76 3.449 0.001 
POD 5 57.10 ± 28.15 175.93 ± 72.51 5.336 < 0.001 
POD 7 49.71 ± 29.95 155.61 ± 77.49 5.508 < 0.001 

Drainage fluid     
POD 1 21.49 ± 15.61 27.18 ± 23.85 0.666 0.505 
POD 3 58.56 ± 17.89 84.20 ± 33.50 3.106 0.002 
POD 5 41.87 ± 16.20 84.79 ± 44.01 4.698 < 0.001 
POD 7 31.07 ± 15.42 77.75 ± 56.75 4.028 < 0.001 

*Mann-Whitney test; ґ – mean; SD – standard deviaton. 
 

Table 2 
Correlation of C-reactive protein (CRP) values in serum and drainage fluid in the patients without complications and 

those with anastomotic leakage (AL), by postoperative days (POD 1, 3, 5, 7)  
CRP (mg/L), ґ ± SD  POD 

Serum Drainage fluid r p 
Group without complications (n = 99)     

POD 1 95.15 ± 37.97 21.49 ± 15.61 0.4504 < 0.001 
POD 3 113.47 ±40.72 58.56 ± 17.89 0.7275 < 0.001 
POD 5 57.10 ± 28.15 41.87 ± 16.20 0.7199 < 0.001 

POD 7 49.71 ± 29.95 31.07 ± 15.42 0.6808 < 0.001 
AL (n = 15)     

POD 1 102.11 ± 39.65 27.18 ± 23.85 0.6150 0.019 
POD 3 197.25 ± 75.76 84.20 ± 33.50 0.5700 0.026 
POD 5 175.93 ± 72.51 84.79 ± 44.01 0.5041 0.055 
POD 7 155.61 ± 77.49 77.75 ± 56.75 0.9053 < 0.001 

*Pearson’s test, r – correlation coefficient; ґ – mean; SD – standard deviaton.  
 

Table 3 
Sensitivity and specificity of serum and drainage fluid C-reactive protein (CRP) values in the patients with anastomotic 

leakage by postoperative days (POD 1, 3, 5, 7), expressed as an area under the ROC curve  

POD 
Cutoff value for CRP 

(mg/L) 
Sensitivity 

(%) 
Specificity  

(%) 
AUC (95% CI) p 

Serum (n = 15)      
POD 1 111 54 71 0.538 (0.348–0.729) 0.65 
POD 3 140 69 79 0.748 (0.567–0.929) 0.004 
POD 5 77 85 77 0.920 (0.849–0.991) < 0.001 
POD 7 90 92 89 0.960 (0.925–0.994) < 0.001 

Drainage fluid (n = 15)      
POD 1 21 53 63 0.552 (0.386–0.719) 0.515 
POD 3 77 67 84 0.754 (0.602–0.907)  0.002 
POD 5 53 80 77 0.879 (0.770–0.987) < 0.001 
POD 7 42 80 83 0.824 (0.684–0.964) < 0.001 

ROC – receiver operating characteristic; AUC – area under the curve; CI – confidence interval.  
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Fig. 1 – Diagnostic accuracy of serum C-reactive protein values 
in the detection of anastomotic leakage, expressed as a receiver 

operating characteristic curve; POD – postoperative day 

 
Fig. 2 – Diagnostic accuracy of C-reactive protein values in 

drainage fluid in the detection of anastomotic leakage expressed as 
a receiver operating characteristic curve; POD –postoperative day. 

 
 

 

Discussion 

Despite many advances in surgery, the quest for une-
ventful healing of the intestinal anastomosis remains a chal-
lenge after colon and rectal resections. AL is the most serio-
us complication of surgical treatment and a significant obsta-
cle to the successful treatment of patients with colorectal re-
section 18. It is more common after rectal surgery, between 
8% and 14% 2, 10, 19, compared to the colon, ranging from 3% 
to 7% 20, 21.  

Differences in the frequency of, among other things, 
are due to different criteria used for the diagnosis of leakage. 
In order to better define, a new grading system was proposed 
by the International Study Group of Rectal Cancer (ISGRC) 
22. In analysis of our patients, we used exclusively the clinical 
criteria to establish AL 22, 23, and it was reported in 15 patients, in 
two (4.2%) patients with left colonic surgery, and 13 (12.6%) 
patients with colorectal anastomosis. The rates of morbidity and 
mortality significantly increase after AL, with mortality reported 
between 12% and 27% 1, 24, 25. Postoperative mortality rate with 
AL in our study was 13%, and out of six deaths, leakage was the 
immediate cause of death in two. Early detection of this, 
potentially most dangerous complication, in the absence of clear 
clinical manifestations, would make possible an early introduc-
tion of appropriate therapeutic measures intended to alleviate 
or eliminate adverse effects. 

CRP is the most popular and most widely available marker 
of the acute inflammatory response 26. The production of CRP 
occurs almost exclusively in the liver by hepatocytes as part of 
the acute-phase response upon stimulation by interleukin (IL)-6, 
tumor necrosis factor-α, and IL-1-β originating at the site of in-
flammation. It is a pentameric protein with various molecular 
functions including complement activation and opsonization 27. 
Within 6 h after stimulation, CRP serum levels exceed normal 
values and peak after about 48 h. CRP has a nearly constant se-
rum half-life of about 19 hours. Therefore, the CRP serum con-
centration is determined by its synthesis rate and reflects the 

intensity of the stimulus for acute inflammatory responses 28. In 
numerous studies, the significance of the serial measurement of 
CRP in serum in detecting infectious complications of surgical 
treatment and/or AL was shown 29–32. 

According to the available literature, we found no data on 
whether someone is determined CRP levels in drainage fluid. 
While some advocates 8, and others do not find justification 33, a 
routine approach in our institution involves mandatory drainage 
of the abdominal cavity after colorectal resection by placing at 
least one drain that runs through a separate incision in the skin. 
A few years ago another option proved to be interesting in pati-
ents with drainage done and refers to the ability to analyze the 
drainage of fluid in the purpose of early detection of AL 34. So-
me biomarkers have been proposed as objective diagnostic pa-
rameters 35 and are collected from the fluid through the drain lo-
cated near the site of interest. Potential biomarkers include im-
mune (IL-1, IL-6 and IL-10, tumor necrosis factor alpha) para-
meters, tissue repair (matrix metalloproteinase-1, 2, 9 and 13) 
parameters, parameters of ischemia (glucose, lactate, glycerol), 
and microbiological (lipopolysaccharides, pH, pCO2, and pO2) 
parameters 35. 

In aim to verify the results obtained in drainage fluid in 
our patients, we compared them with the serum CRP values, 
between the group of patients without complications of sur-
gical treatment and those with AL. The mean values of CRP 
in drainage fluid were lower compared with the values the 
serum for both groups of observed patients (without compli-
cations and with AL). The highest CRP levels were registe-
red on the POD 3, except for the values in drainage fluid in 
the group of patients with AL with the highest CRP registe-
red on the POD 5. In patients without complications, after an 
initial rise of CRP values, there was a gradual decline of 
CRP on days to follow. In those with AL, high CRP values 
persisted on the PODs 5 and 7 (Table 1). Similar trends in 
changes of CRP in serum is found in the papers of other aut-
hors 13, 29, 30. On the POD 1, there was no statistically signifi-
cant difference in the values of CRP in serum and drainage 
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fluid between patients without complications and with AL. 
Statistically, the most significant difference occurred on the 
fifth and seventh POD (Table 1). 

Correlation analysis showed a highly statistically signi-
ficant positive correlation between the measured values of 
CRP in serum between the groups of patients without com-
plications and those with AL for all the observed days. In the 
group of patients with AL statistically significant positive 
correlation was found on the PODs 1, 3 and 7, while on the 
POD 5 positive correlation was at the border of statistical si-
gnificance (p = 0.055) (Table 2). We can conclude that chan-
ges in serum CRP values were accompanied by appropriate 
changes in the values of CRP in drainage fluid. 

Serum and drainage fluid CRP values on the PODs 5 
and 7 are most important in the detection of AL. The area 
under the ROC curve on the POD 5 was 0.920 and 0.960 on 
the POD 7 for serum CRP, and 0.879 and 0.824 for CRP va-
lues in drainage fluid. AL was observed in 85% of the pati-
ents on the POD 5 and in 92% on the POD 7, with serum 
CRP values of 77 mg/L and 90 mg/L. The method specificity 
was 77% for the POD 5, and 88% for the POD 7. All the pa-
tients with AL had serum CRP values above 139 mg/L on 
the POD 5 and 150 mg/L on the POD 7. In 80% of patients 
with CRP values in the drainage fluid of 53 mg/L for the 
POD 5 and 42 mg/L for the POD 7 AL was observed. The 
method specificity was 77% for the POD 5, and 83% for the 

POD 7. All the patients with CRP values in drainage fluid 
above 108 mg/L on the POD 5 and 93 mg/L on the POD 7 
had AL. 

However, as a nonselective marker of inflammation 
and is not a completely reliable indicator of infection, CRP 
could be taken into consideration only within the clinical 
presentation context 36. 

Conclusion 

Our results indicate that measurement of CRP in drai-
nage fluid can be reliably used in early detection of anas-
tomotic leakage as the most serious infectious complication 
after colorectal resection. These values were positively cor-
related with CRP in serum, especially on the fifth and se-
venth day, when the risk from the appearance of this com-
plication is greatest. Whether measurement of C-reactive 
protein in common with other biomarkers, in drainage flu-
id, contributes to more accurate early detection of patients 
at risk of developing anastomotic leakage after colorectal 
resection remains to be confirmed in future studies. Anas-
tomotic leakage is inevitable companion of colorectal re-
section in a certain number of patients, and hence, its detec-
tion is of crucial importance because it allows early imple-
mentation of therapeutic measures to reduce the adverse ef-
fects. 
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