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aBsTRacT
INTRODUCTION: Laparoscopic procedure and fast-track 
regi men with short post-operative hospital stay are gaining 
ground in colorectal surgery. The aim of the present study 
was to determine whether the levels of C-reactive protein 
(CRP) and white blood cell counts (WBC) have a role as early 
predictors of post-operative septic complications including 
anastomotic leakage in patients operated laparoscopically 
in a fast-track regimen.   
MATERIAL AND METHODS: This was a retrospective analysis 
of 129 patients who underwent laparoscopic colorectal sur-
gery in a fast-track regimen during a one-year period. The 
levels of CRP and WBC were measured daily until discharge. 
The diagnostic accuracy was evaluated using the receiver-
operating characteristics methodology.
RESULTS:  The median post-operative hospital stay was 
three days. Septic complications occurred in 32% of cases. 
Post-operative CRP level was significantly higher in patients 
with septic complications than in patients without compli-
cations, but similar in patients with anastomotic leakage 
and patients with other septic complications. The best cut-
off value for CRP level as a predictor of septic complications 
was observed on post-operative day (POD) 3, where CRP 
concentration > 200 mg/l had a sensitivity of 68% and a 
specificity of 74%. WBC measurements showed the best 
cut-off value on POD 2, where WBC > 12 × 109 had a sensi-
tivity of 90% and a specificity of 62%.
CONCLUSION: The insufficient diagnostic accuracy of the 
levels of CRP and WBC made them weak diagnostic markers 
in prediction of post-operative septic complications, includ-
ing anastomotic leakage, in the first three post-operative 
days after laparoscopic colorectal surgery. 
FUNDING: not relevant.
TRIAL REGISTRATION: not relevant.

Septic complications after colorectal resections with pri-
mary anastomosis are observed in up to 40% of cases 
[1]. Anastomotic leakage (AL) is the most feared septic 
complication, causing increased morbidity, increased 
mortality and prolonged hospital stay [2]. AL is an inde-
pendent factor of poor prognosis in patients undergoing 
curative operation for colorectal cancer increasing local 
recurrence [3] and decreasing survival [4]. The diagnosis 

of AL should be made as early as possible in order to re-
duce its associated morbidity and mortality [5]. Laparo-
scopic procedure and fast-track regimen with short post-
operative hospital stay are gaining ground in colorectal 
surgery [6]. Therefore, an early, sensitive and specific 
marker of post-operative septic complications would be 
of interest to clinicians.

In open surgery, the concentration of C-reactive 
protein (CRP) has proven useful in predicting post-oper-
ative complications on post-operative days (POD) 3-4 [7, 
8]. CRP is a liver-derived acute-phase reactant mediated 
primarily by the cytokines interleukin (IL)-6, IL-1, and tu-
mour necrosis factor (TNF)-alpha. The CRP level reflects 
the presence and intensity of inflammation [9]. After 
open colorectal surgery, there is normally a rise in the 
CRP level on POD 1-3 and then a decline the following 
days, which makes it difficult to tell whether a post-op-
erative rise in CRP level is pathological or simply caused 
by the surgical trauma. However, it is recommended 
that patients with CRP level above 140-145 mg/l on POD 
3-4 are examined for septic complications [7, 8].

Equivalent studies with a focus on septic complica-
tions do not exist for laparoscopically operated colorec-
tal cancer patients, though it has been shown that the 
inflammatory response after laparoscopic surgery is in 
general significantly lower than after conventional sur-
gery [10]. At the Department of Surgery, Roskilde 
Hospital, patients following a fast-track regimen are dis-
charged median on POD 3 after laparoscopic colorectal 
resection. The aim of the present study was therefore to 
determine the role of the levels of CRP and white blood 
cell counts (WBC) as predictors of AL and other septic 
complications after laparoscopic fast-track colorectal 
surgery on POD 1-3. 

maTERial and mEThOds
Included in the study were a total of 129 consecutive 
laparoscopically operated patients who had a colorectal 
resection with primary anastomosis performed at De-
partment of Surgery, Roskilde Hospital in 2009. A retro-
spective analysis of patient data was performed. The fol-
lowing data were registered: age, sex, type of surgery, 
length of post-operative hospital stay, post-operative 

increased levels of c-reactive protein and leukocyte 
count are poor predictors of anastomotic leakage 
following laparoscopic colorectal resection

Torben Pedersen1, Ole Roikjær1, 2 & Per Jess1, 2

ORiginal 
aRTiclE

1) Kirurgisk Afdeling, 
Roskilde Sygehus
2) Det  
Sundhedsviden- 
skabelige Fakultet, 
Københavns 
Universitet
  
Dan Med J
2012;59(12):A4552



 2  da n i s h m E d i c a l J O U R n a l Dan Med J 59/12  December 2012

morbidity including AL and other septic complications 
(pneumonia, urinary tract infection, wound infection), 
30-day mortality and the need for re-admittance after 
discharge. The levels of CRP and WBC were examined 
preoperatively and daily post-operatively until discharge. 
All patients received antibiotic prophylaxis as a single in-
jection at the beginning of the operation. The standard 
antibiotics were gentamycine and metronidazole.

AL was diagnosed clinically by signs of acute abdo-
men and fever. In case of suspicious clinical symptoms,   
a computed tomography of the abdomen with radio-
graphic enema was performed. After clinical or radio-
logical proof of AL, an immediate reoperation was per-
formed in most cases.

Statistical analysis was performed using SPSS ver-
sion 19. Nonparametric statistics were used. p-values 
below 0.05 were considered statistically significant. The 
diagnostic accuracy of CRP and WBC levels were evalu-
ated according to the area under the curve (AUC) using 
receiver-operating characteristics (ROC) analysis [11]. 

Trial registration: Not relevant.

REsUlTs
Patient characteristics and short-term results are shown 
in Table 1. Septic complications occurred in 41 patients 
(32%), including pneumonia, urinary tract infection, 
wound infection, infection without known focus and AL. 
A total of 23 patients (18%) experienced AL. No signifi-
cant differences in CRP level were found between the 
patients with AL and those with other septic complica-
tions (p > 0.05). Figure 1 shows the post-operative de-
velopment of CRP level for the patients with and with-
out septic complications. Table 2 shows wide variations 
in CRP level in both groups. Nevertheless, the patients 
had significant elevations in CRP level on POD 1-5 in the 
group experiencing septic complications (p = 0.002, 
0.0001, 0.0001, 0.003, and 0.004, respectively). ROC 
analysis was used to find a find the best cut-off value for 
CRP level as a predictor of septic complications on POD 
1-3 (Figure 2). The highest diagnostic accuracy was 
found on POD 3. A CRP concentration over 200 mg/l 
would then have a sensitivity of 68% and a specificity of 
74% in assessing the risk of AL and other septic compli-
cations. The highest median value for patients without 
complications was 150 mg/l on POD 3, but using this  
value as cut-off would only have yielded a sensitivity of 
75% and a specificity of 47%.

 Post-operative WBC was significantly higher in pa-
tients with septic complications on POD 1-4 (p = 0.005, 
0.0001, 0.026, and 0.049, respectively) than in patients 
without septic complications. ROC analysis showed the 
best cut-off value for WBC as a predictor of septic com-
plications on POD 2, when a value > 12 × 109 had a sensi-
tivity of 90% and a specificity of 62%. No significant dif-
ferences in leucocytes were found when comparing the 
patients with AL and those with other septic complica-
tions (p > 0.05). 

The median post-operative stay (POS) for patients 
without septic complication was three days (1-64), while 
it was six days (3-23) for patients with  other septic com-
plications than AL and 16 days (2-62) for patients with 
AL (p < 0.0001). The median time for diagnosis of AL was 
on POD 7 (POD 1-30). Six of the patients with AL (26%) 
were discharged before AL was diagnosed and therefore 
readmitted. 

discUssiOn
Randomized controlled studies have shown that laparo-
scopic colorectal surgery has equal long-term results, 
but better short-term results than conventional surgery 
[12-14]. A result of this is a reduced POS. Similarly, en-
hanced recovery (fast track) protocols in colorectal sur-
gery have a role in reducing post-operative morbidity 
and accelerating recovery, which yields further reduc-
tions in POS [15]. In the present study, where both lapa-
roscopy and fast-track regimen were used, the median 

TaBlE 1

Patient characteristics and short-term results.

Patients, n 129  

Patient age, years, median (range) 67 (35-89)

Male/female, n 71/58

Operation type, n (%)

Right-sided resection 49 (38)

Left-sided resection 51 (40)

Rectum resection 29 (22)

Converted operations   5 (4)

Anastomotic leakage 23 (18)

Other septic complications 18 (14)

Post-operative mortality, n (%) 0 (0)

Post-operative time in hospital, days, median (range) 3 (1-64)

TaBlE 2

Post-operative outcome: median (range) of CRP concentration on POD 1, 
2, and 3 after laparoscopic colorectal resection in relation to ± septic 
complication. The values are mg/l.

no septic complication  
(88 patients)

septic complication 
(41 patients)

POD 1  85 (9-215) 106 (12-211)

POD 2 123 (8-316 223 (35-390)

POD 3 150 (11-316) 249 (48-491)

CRP = C-reactive protein; POD post-operative day.
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POS was three days. However, post-operative morbidity 
and mortality remain important issues. Especially AL, as 
previously mentioned, is a serious complication which 
should be diagnosed as early as possible to reduce its as-
sociated morbidity and mortality [5]. CRP concentration 
has been investigated as an early marker of AL and other 
septic complications in open colorectal surgery. Meas-
urement of CRP concentration on POD 3-4 is recom-
mended to screen for such complications, and cut-off 
values of CRP concentration of 123-145 mg/l are claimed 
to have the highest diagnostic accuracy among clinical 
and laboratory data with a sensitivity reaching 82% and 
a specificity reaching 96% [1, 7, 8, 16-18]. It was shown 
that CRP levels are lower after laparoscopic than after 
conventional colorectal resections [10]. It could there-
fore be speculated that a significant difference in CRP 
level between uncomplicated cases and cases with sep-
tic complications would show more quickly and be more 
pronounced in laparoscopic colorectal surgery than in 
open surgery. This could be valuable in the modern regi-
mens with a very short POS. The results from the pre-
sent study, the limitations of which are its retrospective 
design and a relative small numbers of patients, make 
this assumption probable as the difference in CRP level 
between the complicated and uncomplicated cases was 
significant already from POD 1. Unfortunately, the vari-
ations in CRP concentration both in the group with and 
in the group without septic complications were so wide 
that the diagnostic accuracy was fairly low. We observed 

CRP concentration above 300 mg/l on POD 2 and POD 3 
in patients without septic complications. Another pos-
sible confounder could be subclinical AL. The optimal 
cut-off value of 200 mg/l on POD 3 had a sensitivity of 
68% and a specificity of 74%. The highest median CRP 
concentration in the group without complications was 
150 ml/l, which was found on POD 3. The sensitivity was 
75% and the specificity only 47% when this value was 
used as cut-off. 

In a retrospective study of 1,187 patients, Waesch-
kow et al [1] found that WBC measurements contributed 
little to the early detection of inflammatory complica-
tions. The diagnostic accuracy of the level of WBC was 
significantly lower than that of CRP. In the present 
study, we found significant differences in WBC on POD 
1-4 between patients with and without septic complica-
tions, but again the diagnostic accuracy was low with a 
specificity of only 62% on POD 2 and a wide range of val-
ues in both groups which makes an interpretation diffi-
cult in the individual case. Neither CRP nor WBC can 
therefore stand alone as predictors of AL and other sep-
tic complications. Rather, failure to mobilize the patient 
“should be considered a red flag sign” [19] in laparo-
scopic colorectal surgery with an enhanced recovery 
programme prompting further investigations such as en-

FigURE 1

C-reactive protein (CRP) concentration in laparoscopic colorectal surgery 
in relation to septic complications.
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FigURE 2

Receiver-operating characteristics curves for C-reactive protein level and 
septic complication in post-operative days 1, 2, and 3 in laparoscopic 
colorectal resections.
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doscopy, computed tomography or rectal contrast study 
[20].

cOnclUsiOn
The insufficient diagnostic accuracy of the level of CRP 
and WBC made them weak diagnostic markers in predic-
tion of post-operative septic complications, including AL, 
in the first three post-operative days after laparoscopic 
colorectal surgery within a fast-track regimen. There-
fore, interpretation of elevated values must be con-
sidered in the context of the whole clinical scenario.

cORREsPOndEncE: Per Jess, Kirurgisk Afdeling, Roskilde Hospital,  
4000 Roskilde, Denmark. E-mail: pjss@regionsjaelland.dk
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Blood tests are not a 
short-cut in the diagnosis 
of anastomotic leakage in 
colorectal surgery.


