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Aims
The work was aimed at identifying the characteristics of the dynamics of changes in laboratory param-

eters in patients with colonic anastomosis leak for early diagnosis of postoperative complications. 
Materials and methods
The dynamics of laboratory parameters of blood and peritoneal effusion on the first to seventh postop-

erative day was studied in 102 patients operated on for colorectal cancer. All patients had complete resection 
of the colon with tumour; surgery was ended with interintestinal anastomosis. A single-layer continuous 
blanket anastomosis and machine stapling anastomosis were used. The following laboratory parameters 
were investigated: C-reactive protein, pyruvate and lactate concentration, pH of peritoneal effusion and 
leukocytic index of intoxication.

Results
The development of leaking intestinal anastomosis was detected in 8.8%. The most clinically significant 

indicators for early diagnosis of anastomosis leak were leukocytic index of intoxication, C-reactive protein, 
pH of effusion in the abdominal cavity and the ratio of the effusion lactate to blood plasma lactate. 

Conclusions
The combined use of these parameters allows suspecting with a high degree of reliability of the leak of 

intestinal anastomosis as early as on the third day after surgery.
Keywords: postoperative complications, leak of colonic anastomosis, laboratory diagnostics.

INTRODUCTION
Intestinal anastomotic dehiscence 

(IAD) is one of the severe complications in 
colorectal surgery that is associated with the 
increase in the lethality rate and the duration 
of hospitalization [1; 2]. During recent de-
cades, new technological methods of anas-
tomosis placement have been developed. 
However, this has not led to a decrease in 
the rate of IAD [3]. According to the pub-
lished data, the rate of IAD varies from 1 to 
19% and depends on the type of applied 
anastomosis. Thus, in cases with ileocolonic 
anastomosis, the rate of IAD is registered in 
1-8% of cases, coloenteric anastomosis – in 
2-3%, ileorectal anastomosis – in 3-7%, in 
cases with colorectal or coloanal anastomo-
sis, this rate is the highest and reaches 19% 
[4; 5]. A high rate of IAD was observed not 
only in local studies focused on the results 
of cases with low colorectal anastomosis 
but also in well planned randomized popu-
lational studies [6; 7].

A significant amount of features are con-
sidered to be risk factors for colon anasto-
mosis dehiscence. They include the male 
sex, comorbid diseases, the functional status 

of organs and systems, the nutritional status, 
bad habits (smoking, alcohol consumption), 
immune suppression, neo-adjuvant chemo- 
and radiotherapy, diverticulitis, the stage of 
the tumor process, low colorectal anastomo-
sis, the duration of surgery, intraoperative 
hemorrhage or perioperative hemotransfu-
sion [2; 4; 8]. It should be mentioned that 
some risk factors for IAD cannot be cor-
rected in inpatient conditions and risk factors 
that can be potentially controlled are hard to 
be fixed by a surgeon [2; 4].

Emergency intervention on the colon is 
an independent risk factor for IAD. At the 
same time, the formation of the discharging 
stoma decreases the rate of the development 
of clinically significant IDA complications, 
especially, in patients with low anterior re-
section [6].

Many authors highlight that the develop-
ment of IAD is associated with the worsen-
ing of oncological results and 5-year over-
all survival in patients with colon cancer. In 
particular, IAD decreases overall survival 
and increases the rate of tumor recurrence 
regardless of the stage of the malignant pro-
cess [10]. According to the published data, 
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the rate of local tumor recurrence varies 
from 0.5 to 30% depending on the methods 
of diagnostics and the degree of IAD se-
verity [11]. The research group that studied 
rectal cancer defined three levels of IAD se-
verity: level A – IAD that does not require 
active therapeutic measures, level B – IAD 
that requires active therapeutic measures 
without relaparotomy, and level C – IAD 
that requires relaparotomy [12].

Clinical and oncological results of the 
treatment of colorectal cancer in patients 
with IAD directly depend on the stage of 
diagnostics of this complication. Early diag-
nostics of IAD plays a crucial role in the pre-
vention of severe septic complications. The 
anastomotic dehiscence is rarely diagnosed 
before the 5th day after the surgery, usually, 
it is revealed on the 4th-8th day after the sur-
gery [3; 9; 13]. It is explained by the fact 
that the clinical picture is not always mani-
fested as peritonitis or intraabdominal and 
can look like fever, intestinal obstruction or 
even diarrhea. However, some symptoms of 
anastomotic dehiscence, often non-specific, 
can manifest earlier [13]. The diagnostics of 
anastomotic dehiscence at the early stages 
allows avoiding numerous complications 
and decreasing the lethality rate [2]. In clini-
cal practice, the gold standard of anasto-
motic dehiscence diagnostics is computed 
tomography, especially, with intravenous 
and intraintestinal contrasting [3; 9].

Presently, there are no known specif-
ic markers of anastomotic dehiscence in 
colorectal surgery. One of the early mark-
ers of anastomotic dehiscence is C-reactive 
protein (CRP). Its level increases by the 3rd-
4th day after the surgery, which is associated 
with the systemic inflammatory reaction 
that develops as a result of intraabdominal 
septic complications. Still, the sensitivity 
and specificity of the test remain doubtful 
and the reference values range from 150 to 
250 mg/L [13-15].

Several studies demonstrated that 
a prognostic significant level of CRP 
is 180 mg/L and higher. This provides 
grounds for a high prognostic significance 
of CRP in patients with anastomosis [16]. 
At the same time, the results of some meta-
analyses showed that the concentration of 
CRP on the 3rd-5th day after the surgery is 
a useful negative prognostic test and not a 
good positive predictor [1; 17]. Probably, 
this is associated with the fact that the con-

centration of CRP in blood samples can be 
a precise prognostic factor of the lethal out-
come caused by any reason [18].

Another direction in the search for IAD 
predictors is the study of peritoneal exudate 
for the cytokines IL-6, IL-10, and TNF-α. 
Several studies showed the increase in the 
levels of these inflammatory mediators 
within the 1st three days after the surgery 
in patients with IAD [19]. Apart from cy-
tokines, peritoneal exudate was used for 
the study of the concentration of biochemi-
cal markers that indicate tissue hypoxia, 
like pyruvate and lactate [20; 21]. It was 
proposed to use the pH level of peritoneal 
exudate as a criterion of the evaluation of 
tissue ischemia and the development of 
inflammatory complications. Several stud-
ies demonstrated that a decrease in the pH 
level to 6.8 on the 3rd day after the surgery 
could indicate the development of intraab-
dominal complications, including IAD. The 
pH level of the exudate as a predictor of 
IAD is highly sensitive (98.7%) and spe-
cific (94.7%) [22].

In the present study, the authors ana-
lyzed the daily dynamics of the changes 
in laboratory blood parameters and perito-
neal exudate in the post-operative period 
in patients that underwent radical surgery 
for malignant neoplasms in the colon with 
the primary reconstruction of the colon 
continuity. 

MATERIALS AND METHODS
The study included 111 patients that un-

derwent surgery for malignant neoplasms 
of the left colon in 2015-2016 in the Colo-
proctological Department of “Krasnoyarsk 
Clinical Hospital No. 20 named after I.S. 
Berzon”. The study was performed prospec-
tively. The analysis did not include patients 
without anastomosis and with preventive 
intestinal stomas. All patients underwent 
midline laparotomy. The study excluded 
patients with IV stage tumors. All patients 
included in the study had blood parameters 
and peritoneal exudate tests on Days 1, 2, 
3, 5, and 7 after the surgery. 

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or official rep-
resentative) before the study.
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Table 1
Characteristics of patients included in the study 

Without complications,  
n (%)

Anastomotic dehiscence,  
n (%)  p*

Sex
male 
female

52 (51%)
50 (49%)

6 (67%)
3 (33%) >0.05

Age
≤ 60
> 60

43 (42%)
58 (58%)

4 (44%)
5 (56%) >0.05

Tumor localization
c. descendens 
c. sigmoideum

78 (76.5%)
24(23.5%)

6 (7.6%)
3 (12.5%) >0.05

Process stage
stage I
stage II 
stage III

15 (14.7%)
35 (34.3%)
52 (51.0%)

0 (0.0%)
2 (22%)
7(78%) >0.05

* χ2

In the specified period, patients were 
tested for the blood content of leucocytes, 
ESR, the leukocytal intoxication index 
(Kal-Kalif, 1941), C-reactive protein, and 
lactate. The peritoneal exudate was used for 
the estimation of pH and lactate. 

The comparative analysis of the speci-
fied parameters was performed in patients 
with an uncomplicated post-operative pe-
riod and patients with IAD. The destitution 
of patients into groups was made retrospec-
tively based on the clinically verified IAD 
in the post-operative period. 

Statistical analysis included testing for 
the normality of distribution performed with 
the Kholmogorov-Smirnov test. The com-
parison of average values in the groups was 
performed with the Mann-Whitney U-test.

RESULTS
During the specified period, 111 patients 

met the study entry criteria. The group 
of patients that did not have complica-
tions in the post-operative period included 
102 patients: 52 males (51%) and 50 fe-
males 50 (49%). The average age of partici-
pants was 65 ± 10.5 years old (Table 1). Ma-
lignant neoplasm in the colon was localized 
in c. sigmoideum in 78 patients (76.5%) and 
c. descendens – in 24 patients (23.5%). By 
the stage of the tumor process, the patients 
were divided into three groups: 15 patients 
with stage I (14.7%), 35 patients with 
stage II (34.3%), 52 patients with stage III 
(51.0%) (according to TNM classification).

Intestinal anastomotic dehiscence was 
registered in 9 patients (8.1%) that formed 
the group of patients with IAD. The rate 
of the development of IAD did not depend 
on the localization of the tumor: in 6 pa-
tients – after the resection of the sigmoid 
colon (7.6%) and in 3 patients – after the 
left-sided hemicolectomy (12.5%) (χ2 – 
0.49, p>0.05). Male patients prevailed in 
this group (6 patients, 67%). In the major-
ity of cases, the tumor process of stage III 
was diagnosed (7 patients, 78%).

The analysis of the hematological pa-
rameters revealed clinically significant re-
sults in the dynamics of the levels of leuko-
cytosis, ESR, and the leukocytal intoxica-
tion index (LII).

Significant differences in the param-
eters of leukocytosis and LII between the 
groups of patients without complications 
(NC) in the post-operative period and pa-
tients with IAD begin to manifest from Day 
3 after the surgery. The dynamics of ESR 
is lower both in the dynamics of negative 
changes and during the improvement of the 
patient’s condition. First significant differ-
ences in ESR begin to be registered on Day 
5 after the surgery (Figure 1). There were 
no significant changes in the dynamics of 
biochemical parameters in patients with 
IAD. The only exception was the level of 
C-reactive protein. Besides, considering the 
role of tissue ischemia in the development 
of IAD, the authors additionally studied the 
levels of plasma lactate. 
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Fig. 1. Dynamics of the levels of leukocytosis, ESR, and LII in the post-operational period  
in patients without complications and with development of IAD

It should be mentioned that significant 
differences in the levels of CRP between 
the groups of patients with IAD and with-
out complications start to be registered 

from Day 2 after the surgery, while the 
levels of lactate in blood plasma start  
to differ from Day 5 after the surgery 
(Figure 2). 
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Fig. 2. Dynamics of the levels of CRP and plasma lactates in the post-operative period 

The dynamics of biochemical parame-
ters in the abdominal exudate demonstrates 
significant differences in the levels of lactate 
and pH at the early stages of the develop-
ment of complications (Figure 3). A signifi-
cant decrease in the levels of exudate pH to 
6.8 ± 0.51 (p=0.023) in patients with IAD 
was observed from Day 2 after the surgery. 
Further, the levels of pH did not exceed this 
value. In patients without complications af-
ter the surgery, this parameter did not de-
crease below 7.14 ± 0.24. 

Often, the analysis of the mean values 
did not allow surgeons to choose certain 
tactics for the treatment of an individual pa-
tient. Even in some patients without com-
plications in the post-operative period, the 
values of some parameters (for example, 
CRP) were registered at the levels typical 
for a complicated post-operative period. 
For the personification of the diagnostic ap-
proach, the authors analyzed the dynamics 
of the changes in the relative values of CRP 

and lactate levels. kCRP was calculated as 
the ratio of the current level of CRP to the 
level of CRP registered on Day 1 after the 
surgery. kLac was calculated as the ratio of 
exudate lactate to plasma lactate. 

The analysis of the daily dynamics of 
the specified coefficients and the compari-
son of their levels between the groups in-
dicate the appearance of significant differ-
ences on Day 2 after the surgery. On Day 
3, these differences become highly signifi-
cant (Figure 4). Thus, the level of kCRP 
in patients with IAD exceeds the control 
parameter on Day 2 by 21% (p=0.016), 
and from Day 3, this difference starts to 
exceed it by 100% (p<0.001). The dif-
ference in kLac levels indicates highly 
significant differences from Day 2 of the 
observation when the difference with the 
control reaches 69% (p=0.002). On Day 
3, this parameter exceeds the control by 
3 times (p<0.001) and the tendency toward 
the increase remains. 
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Fig. 3. Dynamics of the levels of abdominal exudate pH and lactate in the post-operative period 

 

Fig. 4. Dynamics of the calculated coefficients in the post-operative period  
in patients without complications and with the development of IAD
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CONCLUSIONS
Early diagnostics of post-operative 

complications is a complex clinical, labo-
ratory, and instrumental search for a com-
bination of “minor” signs of the developed 
pathological process, clinically not mani-
fested yet in full. The performed analysis 
of the dynamics of the levels of hemato-
logical and biochemical plasma markers 
and biochemical parameters of peritoneal 
exudate provides grounds for the identifica-
tion of the levels of leucocytes, LII, CRP, 
and abdominal exudate pH as a group of 

laboratory predictors of IAD that allow the 
doctors to suspect IAD on Day 3 after the 
surgery. In combination with the calculated 
values of kCRP and kLac, they increase the 
diagnostic value of the proposed set of tests 
in the early diagnostics of IAD. 
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