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D-Dimer as a parameter of hypercoagulability
in laparoscopic cholecystectomy

introDuction

Hemostasis is a very important mechanism with two 
primary functions: to provide liquid state of blood in 
circulation and prevent bleeding (hemorrhage) at the 
site of damaged blood vessels.1 Disorders of the hemo-
stasis are a result of a deficit or a changed function of 
one or more factors of hemostasis. Clinical manifesta-
tions of hemostasis disorders are bleeding (hemor-
rhagic syndrome) and thrombosis. Hemorrhagic syn-
dromes are the result of blood vessels disorders and 

changes in the flow and composition of blood.2
Human body responds to every surgical interven-

tion, as well as to any other trauma. Systemic and lo-
cal response is coordinated on the metabolic, immu-
nological and neurovegetative level. Surgical trauma 
induces activation of defensive mechanisms leading 
to the systemic response to tissue damage, which may 
result in hemodynamic and biochemical disorders, 
that can be proved by objective methods.3,4

In the course of a surgery and particularly after 
it, significant changes in blood flow and blood com-
position occur and levels of proteins involved in the 
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abstract

introduction: Laparoscopic cholecystectomy is a method of choice in the 
treatment of calculous gallbladder. There is a clear evidence of changes in 
hemostatic parameters during this surgical procedure, which can result 
in thromboembolic complications. The aim of the study was to evaluate 
changes in D-dimer values, as a marker of hypercoagulability in patients 
treated with laparoscopic cholecystectomy.
patients and methods: The study included total of 60 patients, divided 
into two groups, one treated with classic (open) and other with laparo-
scopic method. Blood samples were taken from all patients before, during 
the surgery and 24 hours and 5 days after the procedure with consequent 
determination of D-dimer levels.
results: Blood samples of patients in both groups manifested higher val-
ues of D-dimer during the operation, 24 hours and 5 days after the proce-
dure. We have found elevated values of D-dimer 5 days after the surgery in 
the group of patients treated with laparoscopic cholecystectomy with 2.5 
times higher levels compared to values measured preoperatively.
conclusion: Our results suggest that there is an increased fibrinolytic ac-
tivity after laparoscopic cholecystectomy, which demands more detailed 
and complete study on tromboembolism prophylaxis.

keywords: hemostasis, laparoscopic cholecystectomy, D-dimer,
thromboembolism prevention
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figure 1. Age distribution within complete sample

coagulation process are essentially changed. These 
changes physiologically decrease risk of blood loss, 
particularly during the surgery, but also significantly 
increase a risk of thromboembolic complications. De-
pending on capacity and invasiveness of a surgery, 
these changes are of different intensity.

Thrombosis as a multi factorial disease is a serious 
health problem, particularly if it occurs during or im-
mediately after the surgical treatment, and one of the 
most significant warnings indicating thrombosis are 
changes in the coagulation system.5,6

Laparoscopic cholecystectomy (LC) is a minimally 
invasive method used in surgical practice. Because 
of its proved advantages, it is nowadays considered 
as a method of choice in the treatment of calculous 
gallbladder. Physiological changes which are evident 
in the body during laparoscopic procedures are con-
sequence of an artificial pneumoperitoneum and also 
depend on numerous factors. The technique itself in-
cludes controlled use of insuflation pressure inside 
peritoneal cavity. Pneumoperitoneum established in 
this manner has two very important effects. The first 
one is the increased intraabdominal pressure which 
has mechanical impact on all intraabdominal organs. 
The second, negative effect of pneumoperitoneum, is 
caused by diffusion of CO2 to neighboring tissues and 
blood, which leads to biochemical changes and devel-
opment of acidosis.7,8,9  The increased venous stasis 
in the region of lower limbs and abdomen, which is 
evident during LC is a good predisposing factor for 
thromboembolism. Debates on thromboembolism in-
cidence during LC are still present but it is considered 
that incidence of thromboembolism during LC remains 
very low. Venous stasis, present during LC is one of the 
three factors needed for the development of throm-
bosis, with the other two factors being hypercoagula-
bility and disruptions of blood vessel wall (Virchow’s 
triad).10 Results of many studies showed decrease in 
risk of thromboembolism during LC, regardless of em-
phasized venous stasis and increased intraabdominal 

pressure.
The aim of the study was to determine changes in 

levels of D-dimer before, during and after the surgery 
in patients treated with either classical or laparoscop-
ic cholecystectomy and to compare D-dimer levels be-
tween those two types of procedure. 

patients anD methoDs

We prospectively recruited 30 patients treated with 
classic (open) cholecystectomy and other 30 treated 
with laparoscopic cholecystectomy due to calculous 
gallbladder. The study was performed in the time pe-
riod from February to July 2008.  Patients were both 
male and female aged 18 to 80 years and they all pre-
operativelly received enoxaparin as a prophylactic 
treatment. We excluded patients with either acute, 
malignant or autoimmune disease, patients with affin-
ity to bleeding, coagulopathies, and previously verified 
thromboembolic states. D-dimer levels were deter-
mined in all patients in 4 separate measurements; be-
fore the surgery, during the procedure, 24 hours and 5 
days after the procedure (most often on 7th day). In all 
measurements venous blood without signs of haemo-
lysis and lypemic state was used. The determination 
was performed using citric plasma, and analyses were 
done using BCT-Behring machine.

Statistical analysis was performed by using the 
method of descriptive statistics, with representa-
tion of measures of central tendency and dispersion. 
Quantitative variables were compared by using t-test 
while those that did not have normal distribution by 
Mann-Withney U test. Univariate logistic regression 
was used for testing the level of influence of the type of 
the operative procedure on the presence of increased 
value of D-dimer in the postoperative period.

figure 2. Comparative view of duration of
hospitalization (in days of stay)
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results

The mean age of patients in the complete sample (±SD) 
was 50±11 years, with minimum of 23 and maximum 
of 80 years. The age distribution of patients is present-
ed in Figure 1. There was 45/60 (75%) of female pa-
tients, and 15/60 (25%) of male patients in the whole 
sample. There was no significant difference (p=0.55) 
in sex ratio between the patients treated with laparo-
scopic cholecystectomy (21/30; 70% female) and the 
group treated with classical cholecystectomy (24/39; 
80% female).

The median duration of hospitalization in the pa-
tients treated laparoscopicaly was 2 days (25-75 per-
centiles: 2-3 days), while patients treated with open 
cholecystectomy had median value of 5 days of hos-
pitalization (25-75 percentils:4-6 days). This change 
was statistically significant (p<0.001) as is demon-
strated in Figure 2.

The dynamics of D-dimer is presented in Figure 
3. Values of D-dimer were significantly higher in pa-
tients who underwent laparoscopic cholecystectomy, 
compared to patients operated classically (p<0.001). 
However, in comparison with the initial values, each 
subsequent measurement revealed higher levels of D-
dimer, which is especially evident in the laparoscopic 
group of patients.

Using the D-dimer threshold value of 228 µg/l, we 
compared proportions of patients with values of D-
dimer >228 µg/l in both patient groups. The graphi-
cal view of this comparison is presented in Figure 
4. Although there was a tendency for elevation of D-

dimer values in patients treated with classical chole-
cystectomy in the first three measurements, this was 
not statistically significant (p>0.05). However, in mea-
surements performed few days after the surgery we 
found more patients with the increased values of D-di-
mer in the group treated laparoscopicaly, when com-
pared to those treated with classical cholecystectomy 
(p<0.001).

Univariate logistic regression analysis showed that 
the type of surgical procedure had significant influ-
ence on the presence of increased values of D-dimer 
(>228 µg/l), and that the patients treated laparoscopi-
caly have 11.77 times greater chances (OR=11.77; 
95%CI=2.92-47.46; p=0.001) for increased D-dimer 
in comparison with the patients treated in classical 
manner.

Discussion

During the surgical treatment and especially after-
wards, several very important changes take place in 
the coagulation system. The process of coagulation, 
once initiated by surgical trauma or by other causes, 
could uncontrollably lead to undesired consequences. 
One of the most used surgical procedures is cholecys-
tectomy which is a method of choice in the treatment of 
calculous gallbladder.11 When compared with classical 
cholecystectomy, LC as a minimally invasive method 
is a method with decreased systemic response, due to 
the lesser degree of trauma and fewer intraoperative 
complications.12,13 Especially important advantages 

figure 3. Dynamics of D-dimer during the observed period (median values)
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of LC are the shorter recovery and sooner return to 
work, lower incidence of postoperative pain and bet-
ter economic effects.14,15,16 It is a method that ensures 
a shorter duration of hospitalization, faster functional 
rehabilitation of the body and the aesthetic benefit, as 
well.17,18,19

Two groups of our patients were similar according 
to age and sex, while within every group we found a 
larger percentage of female patients, which confirms 
the already known fact that diseases of gallbladder are 
more often present in women.20 The hospital stay after 
LC was 2-3 days and after open cholecystectomy 4 to 
6 days. According to other reports most patients have 
hospital stay between 0.89 and 1.6 days.21 Our results 
demonstrated somewhat longer period of hospitaliza-
tion. 

Fibrinolysis, as the strongest physiological mecha-
nism of fibrin degradation enables recanalisation of 
the blood vessel in which blood cloth is positioned, 
whether it is a hemostatic plug at the place of the ves-
sel defect or pathological thrombosis.22,23 D-dimer ap-
pears as a result of degradation of stabilized fibrin un-
der the influence of plasmin and is a firm sign of fibrin 
plaques or thrombus somewhere in the circulation. 
This test presents a marker of hypercoagulability of 
blood and is an important factor in genesis of throm-
bosis.2 In both patient groups in our study, values of 
D-dimer from the initial to final measurement and 24 
hours afterwards showed ascending path and mildly 
descending path during the operative treatment and 
24 hours afterwards. In measurements performed be-
tween 5th and 10th day after the operation in the group 
of patients that underwent open cholecystectomy, val-

ues were 2,5 times higher compared to the preopera-
tive measurements and were above reference values. 
In the group of patients who underwent open chole-
cystectomy, there was an evident increase of D-dimer 
value during the surgery and 24 hours afterwards, but 
in the final measurement it was within reference range. 
Similar results were published by Prisco et al24 and 
Dexter et al25 where D-dimer values during the opera-
tion, 6 and 24 hours afterwards also showed ascend-
ing trend. Compared to laparoscopic method, values in 
the group of patients that underwent classical method 
of operation were much higher. Martinez-Zamos et al26 
evaluated values of D-dimer directly after the surgery, 
after 24 hours and on the 7th day. They reported in-
creased values of D-dimer, with the domination in the 
group of patients treated with LC. Report by Milic et 
al,27 involved patients without thromboembolic pro-
phylaxis; in both groups they described elevated val-
ues of D-dimer during the operation, 24 and 72 hours 
afterwards and it was more evidently elevated in the 
group treated by classical cholecystectomy. Regardless 
of the type of data, the final conclusion suggested that 
laparoscopy even with slight change in coagulation 
status does bear the risk of thromboembolism, and 
that prophylaxis should become a routine part of the 
procedure.  In a report from Serbia, Vodnik et al2 dem-
onstrated increased values of D-dimer in both groups, 
with more pronounced elevation in the group treated 
classical cholecystectomy in measurements just after 
the surgery and 24 hours afterwards. D-dimer values 
normalized within three days from surgery in patients 
treated with LC. Therefore, judging by the results of 
numerous studies, including ours as well, there is an 

figure 4. Comparative view of ratios of patients with the increased D-dimer,
according to operative method and time of sampling
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evidence of fibrinolytic activity, even with adminis-
tered prophylaxis. As a result of shorter hospitaliza-
tion period, studied groups were not treated equally 
in terms of the use of antithrombotic prophylaxis. 
Patients treated laparoscopicaly spent shorter period 
of time in the hospital, which resulted in at most, two 
days of antithrombotic prophylaxis. On the other side, 
patients who had classical cholecystectomy remained 
longer in hospital (five days in average) and received 
continuous prophylactic therapy. Increased D-dimer 
levels in patients treated by LC was much more evi-
dent postoperatively in the period after the 5th day 
from the operation when prophylaxis was not admin-
istered while during the operation and 24 hours after-
wards in the period of active prevention this increase 
was not significant.

It still remains an open question whether observed 
changes were consequence of a longer prophylaxis in 
patients treated with classic cholecystectomy or per-
haps they are result of negative effects of laparoscopy 
(pneumoperitoneum, adverse Trendelenburg’s posi-
tion).  But, taking into account that D-dimer is a pa-
rameter of hypercoagulability and a marker of fibrin-
olytic activity it could be prudent to administer longer 
antithrombotic prophylaxis in patients undergoing 
laparoscopic treatment.
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