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Introduction

Anastomotic leakage (AL) is the most serious 
complication of colorectal resection, resulting in 
increased morbidity and mortality [1]. Incidence 
varies from 3% to 10% depending on patient char-
acteristics and type of operation [2, 3]. Early diag-
nosis of AL is critical, but its clinical signs can be 
insidious. In most instances AL occurs around the 
5th–7th postoperative day (POD), but it might devel-
op any time from the day of index surgery to the 
third postoperative week [2, 4]. With the standard 

postoperative protocols on POD 7 the patient is 
usually hospitalized and clinical symptoms herald 
the leakage. 

In recent years, enhanced recovery after surgery 
(ERAS) has gained momentum in the management 
of the colorectal cancer patient. It reduces morbidity 
and shortens the hospital stay [5–7]. Early discharge 
benefits the patient and cuts medical care costs but 
carries a potential risk of developing AL when a pa-
tient is already out of the hospital. Delayed presen-
tation and delayed diagnosis of AL can have devas-
tating consequences. Any reliable marker to guide 
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A b s t r a c t

Introduction: Early safe discharge is paramount for the success of ERAS following colorectal cancer resections. Anas-
tomotic leakage (AL) has high morbidity, particularly if the patient has been discharged to the community.
Aim: To evaluate whether C-reactive protein (CRP) and procalcitonin (PCT) can predict AL before early discharge.
Material and methods: Fifty-five consecutive patients undergoing open and robotic colorectal cancer resections were 
included. C-reactive protein and PCT were measured pre-operatively, 8 h after incision, and on the first and third 
postoperative day. Thirty-day readmissions, re-operations and mortality were recorded.
Results: Twenty-nine patients underwent robotic and the remainder open (n = 26) resections. Five patients had AL. 
The mean CRP and PCT increased on postoperative day 1 (POD 1) and POD 3 in all patients. On POD 3, mean CRP 
was 114 mg/l in non-AL patients and 321 mg/l in AL patients (p = 0.0001). Mean PCT on POD 3 was 0.56 ng/ml in 
the non-AL group and 10.4 ng/ml in AL patients (p = 0.017). On analysis of ROC and AUC curves, the cut-off for CRP 
on POD 3 was 245.64 mg/l, with 100% sensitivity and 98% specificity for AL. The cut-off for PCT on POD 3 was 3.83 
ng/ml, with 75% sensitivity and 100% specificity for AL.
Conclusions: C-reactive protein and PCT measurement on POD 3 following colorectal cancer resection can positively 
identify patients at low risk of anastomotic leakage.
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safe early discharge can be a game changer in the 
present day practice of early discharges. 

C-reactive protein (CRP) and procalcitonin (PCT) 
have been used as markers to identify sepsis in sur-
gical departments. C-reactive protein levels on post-
operative day 3–5 have been shown to provide valu-
able information with regards to the risk of AL [8]. 
Procalcitonin is an another interesting marker of AL, 
but its value is less clear [9–11].

Aim

The aim of our study was to evaluate whether 
measurement of CRP and PCT on the 3rd post-oper-
ative day predicts safe early discharge following ro-
botic and open colorectal resection.

Material and methods

A  prospective study involving 55 consecutive 
patients with colorectal cancer undergoing elective 
resection with anastomosis was performed between 
July 2013 and December 2014. The study was per-
formed prior to the introduction of the ERAS proto-
col at our institution. Exclusions were patient less 
than 18 years, emergency surgery, R2 cancer resec-
tion, patients on immunosuppressive drugs and dia-
betics on high insulin doses. Patients were selected 
for a  robotic approach based on the surgeon’s dis-
cretion and the availability of the da Vinci system 
and trained staff. Institutional ethics committee ap-
proval was procured for the study. Detailed informed 
consent was obtained from all patients.

Demographics such as past medical history, tu-
mour site and staging, perioperative outcomes and 
30-day complications were prospectively collected. 
All patients were managed with a standard postop-
erative protocol with oral liquids on the first post-
operative day, advancing to a  liquid and solid diet 
on POD 2 and 3, respectively. Ambulation was en-
couraged on the day after surgery, and patients were 
discharged home when a normal diet was tolerated 
and bowel function had returned. Patients under-
went additional postoperative diagnostic tests or 
treatment only in the event of symptoms or signs of 
a complication. 

As per the agreed protocol, CRP and PCT were 
measured prior to surgery, 8 h after the incision, 
and on the first and third postoperative day (0, +8 h,  
POD 1, POD 3). Postoperative complications were re-
corded according to the Dindo and Clavien classifi-

cation. Thirty-day admission rate, re-operations and 
mortality were recorded. All patients were seen and 
examined in an outpatient clinic within 30 days.

Procalcitonin was measured by the Vidas BRAHMS 
PCT automated test using the ELFA (enzyme-linked 
fluorescent assay) technique (BioMerieux SA, 69280 
Marcy-l’Etoile, France). C-reactive protein was mea-
sured by the Multigent CRP Vario immunoturbidi-
metric test with the Architect 4100 Ci analyzer (Ab-
bott Diagnostics, California 95054, USA).

Statistical analysis

Continuous variables are reported as mean and 
standard deviation, whereas categorical variables 
are reported as number and percentage. Normality of 
data was assessed with the D’Agostino-Pearson test. 
The Friedman test was used for testing the changes 
in CRP and PCT levels at given time points. Nonpara-
metric analysis was performed by the Mann-Whit-
ney test to check differences between groups. The 
receiver operating characteristic (ROC) curve and the 
value of the area under the curve (AUC) were used 
to determine the diagnostic accuracy of CRP and PCT 
for detection of anastomotic leak. 

Results

Fifty-five consecutive patients undergoing col-
orectal cancer resections were enrolled in the study. 
Patient characteristics and surgical data are shown 
in Table I. Twenty-nine patients underwent a robotic 
procedure and 26 patients had an open resection. 
There were 37 men and 18 women with an average 
age of 66.1 years and body mass index (BMI) of 27.4 
kg/m2. The robotic procedure took a significantly lon-
ger time than open resection (218 min vs. 133 min,  
p = 0.0001). The mean length of hospital stay includ-
ing patients with anastomotic leakage was 6.7 ±3.2 
days. When excluding patients with AL the mean 
length of hospital stay was 5.9 ±1.6 days. There was 
no significant difference with regard to length of 
hospitalization between patients undergoing robot-
ic and open procedures. There was no mortality. Five 
resections were complicated by anastomotic leak 
(9.1%). Anastomotic leaks became clinically symp-
tomatic between the 3rd and 12th postoperative day, 
and all required reoperation. Anastomotic leakage 
occurred exclusively among patients undergoing low 
anterior resection. 

Difference in the CRP and PCT values with re-
spect to postoperative course were observed within 
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POD 0–3. (Table II, Figures 1 and 2) The mean value 
of CRP increased on POD 1 and POD 3 in all patients. 
The peak of CRP was significantly higher in the AL 
group only on POD 3. On the third postoperative day 
the mean values of CRP were 114 mg/l in non-AL 
patients and 321 mg/L in Al patients (p = 0.0001). 
Likewise, the mean PCT increased on POD 1 and 3 
in all patients, but the rise of PCT was significantly 
higher among the patients with AL only on POD 3. 
The mean PCT on POD 1 was 2.0 ng/ml in non-AL 
and 3.8 ng/ml in AL patients (p = 0.36), whereas on 
POD 3 it was 0.56 ng/ml and 10.4 ng/ml, respective-
ly (p = 0.017). 

Analysis of ROC curves showed that CRP on POD 3  
had AUC of 0.996 and PCT on POD 3 had AUC of 
0.85. A  cut-off value for CRP on POD 3 was calcu-
lated at the level of 245.64 mg/l, which resulted in 
100% sensitivity and 98% specificity of AL. A cut-off 
value for PCT on POD 3 was calculated at the level of 
3.83 ng/ml with 75% sensitivity and 100% specifici-
ty for AL (Table III, Figure 3 and 4).

Discussion

C-reactive protein and PCT have been used for 
many years for identifying septic complications. Our 
aim was to identify whether they can have a role in 
predicting anastomotic complications and help us to 
identify patients for safe early discharge according 
to the ERAS protocol. With the combination of a min-
imally invasive approach and ERAS protocol the aver-
age length of hospital stay could be safely reduced 
to four postoperative days [5]. Fast-track protocols 
encourage early patient discharge but might be as-
sociated with delayed diagnosis of anastomotic de-
hiscence. Early detection of AL is crucial for timely 
treatment, and delayed diagnosis is related to higher 
mortality. Ideal biochemical markers should have the 
potential to identify patients at risk of developing 
surgical complications prior to the occurrence of the 
first clinical symptoms. In theory this could facilitate 
distinction of patients amenable to safe discharge in 
the early postoperative period from those requiring 
closer monitoring and longer hospital stay. 

C-reactive is a  serum acute-phase reactant syn-
thesized almost exclusively in the liver, released in re-
sponse to stimulation by proinflammatory cytokines. 
Its production is part of a  nonspecific acute-phase 
response to most forms of tissue damage, infection, 
inflammation, and malignant neoplasia. The syn-
thesis of CRP increases rapidly, principally under the 

control of cytokines (interleukin-6) produced by mac-
rophages and T cells at the site of pathology. Sub-
sequently, CRP binds macromolecular ligands on the 
surface of dead or dying cells as well as some types 
of bacteria and activates the complement system.

In healthy young adults, the median concentra-
tion of CRP is approximately 0.8 mg/l, but, follow-
ing an acute-phase stimulus, values may increase to 
more than 500 mg/l. De novo synthesis in the liver 
starts rapidly after a  single stimulus and reaches 
a  peak within 48 h. The plasma half-life of CRP is 

Table I. Patients’ (n = 55) demographics and 
perioperative data

Parameter Results

Age, mean (SD) [years] 66.1 (11.2)

Gender, n (%):

Male 37 (67.3)

Female 18 (32.7)

ASA score, n (%):

1 11 (20)

2 39 (70.9)

3 5 (9.1)

BMI, mean (SD) [kg/m2] 27.4 (4.6)

Pathology, T stage:

T1 4 (7.4)

T2 6 (10.9)

T3 36 (65.4)

T4 9 (16.3)

Type of operation, n (%):

Right colectomy 19 (34.5)

Left colectomy 3 (5.5)

Sigmoid resection 9 (16.4)

LAR 24 (43.6)

Surgical technique, n (%):

Robotic 29 (52.7)

Open 26 (47.3)

Operative time, mean (SD) [min] 178 (66.2)

Length of hospital stay, mean (SD) [days] 6.7 (3.25)

Anastomotic leak, n (%) 5 (9.1)

LAR – low anterior resection.
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about 19 h and is constant under all conditions of 
health and disease [12].

Following colorectal surgery CRP shows a  rapid 
increase on POD 1, reaching a peak on POD 2, fol-

lowed by steady decline to a normal level thereaf-
ter. Patients with septic complications tend to have 
a higher peak of CRP on POD 3, which plateaus af-
terwards [13]. In 2012 Warschkow et al. published 

Table II. CRP and PCT values on POD 0–3 in non-AL and AL patients

Parameter
 
 

Anastomotic leakage

Non AL AL Value of p

Mean SD Median Mean SD Median

CRP 0 13.995 27.4477 4.3 10.616 15.3131 1.69 0.76

CRP + 8 h 13.179 22.0681 6.14 11.14 16.3107 4.4 0.74

CRP POD 1 110.004 34.2013 108.86 138.66 31.0772 133.5 0.082

CRP POD 3 114.398 59.5608 105.83 321.164 77.1356 299.61 0.0001

PCT 0 0.133 0.4641 0.05 0.05 0 0.05 0.71

PCT + 8 h 0.184 0.3149 0.07 0.066 0.02302 0.05 0.53

PCT POD 1 2.001 3.3283 0.72 3.826 4.2504 3.3 0.36

PCT POD 3 0.569 0.7358 0.22 10.475 14.5016 4.88 0.017

	 0 h	 8 h	 POD 1	 POD 3

 No anastomotic leak        Anastomotic leak

Figure 1. Evolution of median CRP over time
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Figure 2. Evolution of median PCT over time
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Table III. ROC curve analysis

Parameter Sensitivity Specificity Cut-off AUC Value of p

 CRP 0 60 68.75 1.69 0.546 0.79

CRP + 8 h 40 83.72 1.69 0.549 0.77

CRP POD 1 80 72.34 125.3 0.74 0.043

CRP POD 3 100 97.87 245.64 0.996 0.0001

PCT 0 100 10.42 0.05 0.552 0.79

PCT + 8 h 100 27.91 0.1 0.591 0.42

PCT POD 1 60 80.85 3.15 0.63 0.44

PCT POD 3 75 100 3.83 0.851 0.019
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a  meta-analysis evaluating the predictive value of 
CRP for infectious complications after colorectal 
surgery [14]. They found that testing of CRP on POD 
4 offers satisfactory accuracy of foreseeing AL and 
proposed a cut-off value of 135 mg/l with a nega-
tive predictive value of 89%. More recently, Singh et 
al. published another meta-analysis (n = 2483) [8], 
with CRP as a leak predictor on POD 3, 4 and 5. The 
authors observed comparable diagnostic accuracy of 
CRP at the three abovementioned time points, with 
a high negative predictive value of 97% but a  low 
positive predictive value of 21–23%. These results 
confirmed that CRP is a useful negative test but not 
a good positive predictor of AL. In our study, CRP was 
significantly high on the 3rd post-operative day in 
the AL group, which might help with increasing sus-
picion of leak needing intense monitoring. In many 
instances, however, elevation of CRP might simply 
be due to another source of sepsis such as a wound 
or respiratory or urinary tract infection rather than 
anastomotic leak.

Procalcitonin is another promising plasma mark-
er for identifying sepsis. Procalcitonin is a  protein 
consisting of 116 amino acids, the peptide precur-
sor of calcitonin, synthesized by the parafollicular 
C-cells of the thyroid gland. The release of PCT is 
induced specifically by bacterial endotoxins, and 
its levels do not increase following inflammation of 
non-infectious origin. In healthy individuals, serum 

concentrations of PCT are below 0.1 ng/ml. In re-
sponse to a bacterial infection, damage-associated 
molecular patterns (DAMPs) and pathogen-associ-
ated molecular patterns stimulate cells to produce 
PCT, which results in a significant increase in serum 
concentrations. Following surgery, on the first and 
second postoperative day PCT concentrations are 
commonly elevated in patients after major abdom-
inal and vascular or thoracic operations and remain 
low among patients undergoing minor, aseptic pro-
cedures. It has been suggested that PCT is induced 
by a  transient bacterial contamination or bacterial 
translocation during the operation or preparation of 
intestinal anastomoses. It has also been observed 
that patients with an abnormal postoperative course 
more frequently have increased PCT levels than pa-
tients with a normal postoperative course [15, 16].

Hence, PCT seems to be a more specific marker 
of septic complications than CRP. Lagoutte et al. first 
described kinetics of PCT after colorectal resection 

[9]. They evaluated a group of 100 patients, and in 
non-AL patients PCT levels rose on POD 1 to reach 
a peak on POD 2 and declined progressively. Patients 
with a  leak had a  higher peak of PCT on POD 1,  
followed by a  decline afterwards. PCT showed the 
best accuracy of AL prognosis on POD 4, but its cor-
relation with leakage was weaker than for CRP. In 
2013, Garcia-Granero et al. analyzed CRP and PCT 
levels between POD 1 and 5 in 205 colorectal pa-
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Figure 3. Receiver operating characteristic (ROC) 
curve for cut-off analysis of serum CRP in pa-
tients with AL
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Figure 4. Receiver operating characteristic (ROC) 
curve for cut-off analysis of serum PCT in pa-
tients with AL
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tients with 11 major anastomotic leaks [10]. Procal-
citonin was a satisfactory predictor of AL on POD 3, 
4 and 5 (AUC > 0.80), reaching its maximal value on 
the fifth postoperative day (AUC 0.867). Among an-
alyzed variables (PCT, CRP, neutrophils on POD 3, 4, 
5), PCT on POD 5 had the best accuracy in prognosis 
of anastomotic dehiscence. The authors proposed 
a PCT cut-off value of 0.31 ng/ml on POD 5. Simi-
lar results were recently obtained by Giaccaglia et 
al. [11] In our study, if PCT was significantly higher 
on the third day, an anastomotic leak should be sus-
pected, requiring intense monitoring.

Our study is intended to aid decision making 
for early discharge following colorectal cancer re-
sections, particularly in the age of ERAS protocols. 
We found CRP and PCT levels on POD 3 to be sig-
nificantly higher in patients with AL. The specifici-
ty and sensitivity of both markers were similar and 
ROC analysis suggested higher accuracy of CRP. The 
present study confirmed that CRP and PCT are reli-
able early predictors of anastomotic dehiscence. We 
believe that these findings together with previous 
results support routine implementation of CRP and 
PCT testing on POD 3 in fast-track protocols. 

At least 2 issues require further investigation. In 
accordance with previous reports we found no advan-
tage of PCT over CRP in prediction of AL. In the global 
tendency of reducing health care expenses the cost of 
additional testing must be taken into consideration. 
The cost of the PCT test is approximately 8 times 
higher than the cost of the CRP test (€21 vs. €2.50). 
Due to the low cost of the test, it might be advisable 
to recommend CRP as a  routine test on POD 3 and 
use PCT as a second line test, verifying the abnormal 
CRP results. Secondly, an additional investigation is 
necessary to determine whether such routine testing 
on POD 3 should be recommended to all restorative 
colorectal resections or selectively to patients at high-
er risk of anastomotic leakage (left sided or rectal re-
sections, elderly patients, obese individuals, etc.) 

Most previous studies evaluated CRP and PCT in 
patients undergoing open procedures. In a study in-
volving patients undergoing laparoscopic and open 
colonic resection, laparoscopic surgery was shown 
to have attenuated stress responses and improved 
preservation of immune function [17]. If the bioki-
netics of plasma markers following laparoscopy dif-
fers from open surgery, future studies need to focus 
more on a cohort of patients undergoing a minimal-
ly invasive approach. 

It is paramount to understand that low CRP and 
PCT had satisfactory negative predictive value to 
rule out septic complications and confirm safe dis-
charge from the hospital. Nevertheless, the decision 
for re-intervention is based on positive predictive 
value, which is low for both CRP and PCT. The verdict 
of reoperation is often difficult and based mostly 
on clinical judgment and probably by imaging. Ad-
ditional tests are non-specific and frequently un-
informative. Lately, newer markers such as calpro-
tectin, fatty acid binding protein or peritoneal fluid 
cytokines have been investigated, with promising 
results [18, 19].

The small sample size and only five cases of 
anastomotic dehiscence are obvious limitations of 
the present study. The evidence from the literature 
suggests a  cut-off value of 172  mg/l for CRP and 
0.64 ng/ml for PCT on POD 3 [8, 10]. In our study the 
calculated cut-off value on POD 3 was 245 mg/l for 
CRP and 3.83 ng/ml for PCT. This difference is prob-
ably an effect of the small sample size of the study. 
The fact that more than half of the patients under-
went a  robotic procedure might be another factor 
influencing our results.

Conclusions

A  single measurement of C-reactive protein and 
procalcitonin on the third postoperative day following 
colorectal cancer resection allows identification of pa-
tients at low risk of anastomotic leakage. Both plasma 
markers can be used routinely to guide safe discharge 
of patients treated with the ERAS protocol and reduce 
the hazard of delayed diagnosis of anastomotic dehis-
cence. Further research for early, more specific predic-
tors of anastomotic leakage is advocated. 
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