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Introduction

Surgical trauma results in considerable alterations in
the hemostatic system due to the activation of blood coa-
gulation. Subsequently, it is associated with a significant
risk of intraoperative or postoperative thromboembolic
complications that can reach as high as 40-80% (1).

Inflammation and alterations in coagulation para-
meters constitute a serious challenge in the follow-up and
success of surgical interventions (2-4). As a result of tis-
sue injury (due to trauma) or open surgery, alterations

in homeostasis are observed, and are associated with the
risk of developing postoperative thromboembolic com-
plications. The stress response to surgical trauma preci-
pitates a transient hypercoagulable state and activates in-
flammation (5-7). 

Therefore, we conducted a prospective randomized
trial in order to study prevailing alterations in coagula-
tion parameters and their correlation with inflammation
following abdominal surgery. 

Patients and methods

This prospective study included 50 patients, aged 45–55 years
(mean age: 51 years), who were randomly assigned to undergo ab-
dominal surgery at the Department of General Surgery, from Oc-
tober 2011 to May 2012. Patients on medication affecting coagu-
lation (anticoagulants, antiaggregants, nonsteroidal anti-inflam-
matory drugs, and steroids), as well as patients with a preexisting di-
sorder that could affect the coagulation system (sepsis, cancer, history
of thrombosis, and recent surgery) were excluded from the study. Pa-
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tients with preexisting coagulation derangements revealed through
abnormalities in preoperative history, preoperative platelet (PLT) count,
or prothrombin time (PT) and activated partial thromboplastin time
(APTT) values were also excluded.

Procedure 
Low molecular weight heparin was administered in prophylac-

tic doses to all patients, before surgery and 3 days after surgery. Blood
samples were collected before surgery and 72 h after the surgical ope-
ration. The following parameters were measured: PT and APTT, as
well as C-reactive protein (CRP), fibrinogen (FIB), D-dimer (D-D)
levels, and PLT count.

Anesthesia was administered to all patients by the same ane-
sthesiology team; therefore, they all underwent the same anesthetic
procedures. Additionally, the same surgical team performed all ope-
rations.

Determination of fibrinogen and prothrombin time 
FIB levels were determined with an ACL-9000 Coagulation Analy-

zer, using a PT-FIB HS reagent, which is a high-sensitivity calcium
thromboplastin that allows the simultaneous determination of PT and
FIB levels. PT is expressed as activity percentage (%), ratio, seconds
(s), and international normalized ratio (INR). FIB level is expressed
in mg/dL, with a linearity of method range of 70–850 mg/dL.

Determination of activated partial thromboplastin time
APTT was measured using an ACL-9000 Coagulation Analy-

zer. Results are expressed as seconds (s) or ratio.

Determination of C-reactive protein level
We quantitatively determined CRP levels using an immune tur-

bidimetric assay. Latex particles coated with antibody specific to hu-
man CRP aggregated in the presence of CRP from the sample, and
formed immune complexes. These immune complexes resulted in
an increase in light scattering proportional to the CRP concentra-
tion in the serum sample. Light scattering was measured using tur-
bidity (absorbance) readings. CRP concentration was determined using
a calibration curve developed from CRP standards of known con-
centrations (multistandard), with a linearity of the method range of
0.2–480 mg/dL.

Determination of D-dimer level
D-D levels were determined using a quantitative enzyme-

linked immunosorbent assay based on the “sandwich” type immu-

noenzymatic method, with final measurements achieved through fluo-
rescence detection. Assays were performed using a VIDAS Automated
Immunoassay System (Biomerieux), with a measurement range of
45–10.000 µg/L. The reference value used was <500 µg/L.

Determination of platelet count
PLT count was automatically measured using a Pentra 80 cell-

counter (Horiba), and confirmed by an indirect manual counting
method involving a blood smear that was collected from the patient’s
finger. After collection, the blood smear was fixed in methanol for
10 min, and then stained with Giemsa for 20 min before being used.

Statistical analysis
Continuous data are presented as average value and standard de-

viation. The student’s t-test for paired samples used to compare va-
lues   between the 2 stages. Graphic lines were used for data presen-
tation. The relationship between 2 variables was analyzed using Pear-
son’s and Kendall’s correlation coefficients. A difference with a p va-
lue less than 0.05 (p < 0.05) was considered statistically significant.
Data analysis was carried out using the Statistical Package for the So-
cial Sciences 11.5 software (SPSS, Chicago, IL).

Results

Prothrombin time

Data analysis using student’s t-test for paired samples
showed a statistically significant difference between PT
values before surgery (PT 1) and after surgery (PT 2; t
= 3.446, df = 44, p = 0.001; Fig. 1). 

The mean PT value declined from 90.38% before sur-
gery to 81.25% after surgery.

Activated partial thromboplastin time

Data analysis using student’s t-test for paired samples
showed no statistically significant difference between preo-
perative and postoperative APTT (t = 1,406, df = 44, p
= 0.167; Fig. 2).

Fig. 1 - PT values before surgery (PT 1) and after surgery (PT 2).
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In our study, we observed no statistically significant
changes in APTT values before and after surgery (33.96
s versus 35.07 s, respectively). This observation could be
explained by the fact that patients were receiving heparin
medication in prophylactic but not therapeutic doses. 

Fibrinogen 

Data analysis using student’s t-test for paired samples
revealed a statistically significant difference between FIB
levels before surgery (FIB1) and after surgery (FIB2; t
= 3,947, df = 44, p = 0,001; Fig. 3).

Levels of FIB, a protein that is synthesized in the li-
ver, are known to increase during inflammation. In our
study, we observed a statistically significant increase in
FIB levels from 381.56 mg/dL before surgery to 462.57
mg/dL after surgery. Surgical trauma and inflammation
during necrosis result in an increase in FIB levels. Howe-

ver, we did not observe a critical reduction in FIB levels   
that would have indicated an increased risk of dissemi-
nated intravascular coagulation in any of the cases un-
der study. 

D-dimer

Data analysis using student’s t-test for paired samples
demonstrated a statistically significant difference between
D-D levels before surgery (D-D1) and after surgery (D-
D2; t = 2.868, df = 44, p = 0.006; Fig. 4).

An increase in D-D levels was observed after surgery
compared to before surgery (803.59 g/mL versus
235.53 g/mL, respectively). 

C-reactive protein 

Data analysis using student’s t-test for paired of sam-

Fig. 3 - FIB 1 (before surgery) and FIB 2 (after surgery) values.

Fig. 2 - Pre- and postoperative APTT values.
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ples showed a statistically significant difference between
CRP levels before surgery (CRP1) and after surgery
(CRP2; t = 5.229, df = 44, p = 0.001; Fig. 5).

Platelets 

Data analysis using student’s t-test for paired samples
revealed a statistically significant difference between preo-
perative and postoperative PLT count (t = 3.619, df =
44, p = 0.001; Table 1).

Correlation between CRP, PLT, and D-D 
levels before surgery 

Using Pearson’s correlation coefficient, a statistical-
ly significant correlation was observed between CRP1

and PLT 1 levels (r = 0.417, p = 0.003); however, no sta-
tistically significant correlation was observed between
CRP1 and D-D 1 levels (r = 0.061, p = 0.692; Table 2).

This correlation was observed before surgery, and it
could be explained by the fact that cytokines released in
circulation, during inflammation, result in an increase
in PLT count and thrombocytopoiesis. 

Correlations between CRP, PLT, and D-D 
levels after surgery

Using Kendal’s correlation coefficient, we observed
no statistically significant correlation between CRP2 and
PLT2 levels (r = 0.417, p = 0.332); however, a statisti-
cally significant correlation was observed between CRP2
and D- D2 levels (r = 0.230, p = 0.028; Table 3).

Fig. 4 - Presentation of D-D 1 (before surgery) and D-D 2 (after surgery) values.

Fig. 5 - Presentation of CRP 1 (before surgery) and CRP 2 (after surgery) values.
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Discussion

After surgery two potentially important alterations
in homeostasis increasing the risk of thromboembolic
complications occur in patients. The first alteration is re-
presented by a tendency toward hypercoagulability (8),
and the second alteration is represented by an initial
enhancement of fibrinolysis, followed by a decline in fi-
brinolytic activity (9).

Most studies that have evaluated perioperative alte-
rations in homeostasis, have examined them in associa-
tion with open surgery (10-12). The risk of developing
deep venous thrombosis after open surgery can be as high
as 40 –80%, while the incidence of fatal pulmonary em-
bolism is estimated at 1 –5% (1,13). 

In order to further understand this issue, we compared
perioperative changes in the coagulation pathway befo-
re and after surgery, in the context of a prospective ran-
domized trial. Anesthesia was administered to all patients
by the same anesthesiology team; therefore, they all un-
derwent the same anesthetic procedures. Additionally,
the same surgical team performed all operations. This is
an essential element of randomization, since the training
and experience of an individual surgeon play an important
role in the outcome of surgery (14). Studies have
shown that postoperative coagulation can be affected by
many factors, including the type of operation performed
(15) and the type of anesthesia administered (16).

Prothrombin is a protein that is synthesized in the li-
ver in a vitamin K-dependent manner. No previous stu-
dies have reported any inflammation-related increase in
prothrombin synthesis. However, the decline in PT that
we observed after surgery may be explained by the body’s
distress following surgical intervention, and the subse-
quent reduction in prothrombin synthesis from hepa-
rin after surgery (4,17-20).

FIB is an acute-phase protein that is synthesized by
the liver and that plays a key role in blood clotting. Du-

ring clot formation, FIB is converted to fibrin via the
enzymatic activity of thrombin (21). Low levels may in-
dicate increased degradation (fibrinolysis), while increased
levels, which are often observed after inflammation, re-
flect the close association between stress and coagulation
activation (22). In our study, the significant increase in
plasma FIB levels after surgery indicates an early and pro-
longed increase in the activation of coagulation. Defi-
ning and tracking FIB values are important for surveying
such patients, but not for assessing the degree of in-
flammation and postoperative necrosis (5,23). Pre-
vious studies have reported that such increases in FIB le-
vels are caused by the surgical event itself (24). Many pa-
tients had very high levels   after surgery, and in many ca-
ses, even higher levels   were detected prior to surgery. High
FIB levels   before surgery are probably related to the pa-
tient’s primary pathology. 

During fibrinolysis, fibrin and FIB are broken down
into various fibrin/FIB degradation products, including
the terminal product D-D, in a process mediated by pla-
smin (25). Therefore, elevated D-D plasma levels are also
indicative of recent or ongoing fibrinolysis (26). Howe-
ver, a constant elevation of D-D plasma levels raises su-
spicion of deep vein thrombosis (27). The postoperati-
ve increase in D-D levels observed in our study is indi-
cative of fibrinolysis activation following surgery. This
group of patients with the highest D-D levels strongly
indicate the need for anticoagulant therapy as well as for
careful evaluation of all clinical and biochemical indi-
cators during postsurgical follow-up. D-Ds are soluble
fibrin degradation products, and the determination of
D-D level has been used for its high sensitivity and spe-
cificity in detecting thromboembolic events that occur
during surgery (28,20). D-D is a cross-linked fibrin de-
gradation product that forms as a result of fibrin break-
down. D-D levels frequently increase after surgery or trau-
ma, and they indicate the presence of an intravascular
clot that has undergone lysis (29).

TABLE 1 - LEVELS OF PLATELETS BEFORE (PLT1) AND AFTER SURGERY (PLT2).

M N SD t df P

Pair 6 PLT1 285.46 50 108.82 -3.619 49 0.001

PLT2 270.80 50 101.51

TABLE 2 - THE CORRELATION OF CRP1 WITH PLT1 AND
D-DIMER1.

PLT1 D-dimer 1

CRP1 r  = 0.417 r = 0.061

P = 0.003 P = 0.692

N = 50 N = 45

TABLE 3 - THE CORRELATION OF CRP2 WITH PLT2 AND
D-DIMER2.

PLT2 D-dimer 2

CRP2 r  = 0.417 r  = 0.230

P = 0.332 P = 0.028

N = 50 N = 44
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PT and APTT are also used as part of a broad test
for coagulation (30). The INR = PTISI formula, where
ISI is the international sensitivity index of the specific
thromboplastin reagent used in a laboratory, allows for
better standardization through adjusting for reagent va-
riability (31,32). In our study, we did not observe si-
gnificant differences between the measured values of the-
se markers before and after open surgery. We also note
that most patients received low molecular weight heparin,
which has little impact on APTT and does not require
strict laboratory monitoring (3,7, 33).

CRP reduces thrombin generation through inacti-
vating factors V and VIII. Measurement of CRP level is
most frequently used to evaluate injury to body tissues
or to detect an inflammatory event occurring in the body
(5,20,23). CRP levels typically increase during the
acute phase of inflammation (19), since cytokines pro-
duced during inflammation and necrosis can stimulate
CRP production in the liver (34,35). CRP plays a role
in the non-specific immune system, and its production
is increased in response to damage, possibly because it
promotes the neutrophil-mediated destruction of patho-
genic microorganisms. High levels of CRP indicate the
need for more intensive treatment with heparin, since
higher levels of inflammation significantly favor the for-
mation of thrombi (5).

Thrombocytosis is reportedly associated with in-
flammation and necrosis (18). In our study, we obser-
ved a reduction in PLT count, possibly in the context of
changes in hematological parameters after surgical in-
tervention. We note that all of the patients in our study
were administered prophylactic treatment with fraxiparine
immediately after surgery. Several previous studies have
reported a reduction in PLT count caused by heparin and
heparin fractions, indicating the need for the extended
follow-up of patients receiving heparin treatment
(20,36,37). Heparin itself, as well as anti-heparin anti-
bodies have been associated with a decline in PLT count.

In this study, no correlation was observed between PLT
count and inflammation after surgery, possibly due to the
postoperative impact of heparin or other factors on PLT
count (2,6,20,36). On the other hand, a statistically si-
gnificant correlation was observed between CRP and D-
D levels after surgery. This correlation supports the ob-
servation that inflammation stimulates coagulation, re-
sulting in a hypercoagulable state that should be consi-
dered during postoperative patient follow-up (5,20,23).

Previous studies have demonstrated that open surgeries
lead to higher activation of the clotting system than la-
paroscopic procedures (7,18-20), which would explain
the differences between our values and those reported by
laparoscopy studies. Comparative studies of hemostasis
after open and laparoscopic surgery have used several sur-
gical models other than laparoscopic and open cho-
lecystectomy (38,39). In a randomized study, Milic et al.

(10) only compared perioperative plasma levels of
prothrombin fragments (F1+2), D-D, and antithrom-
bin, as well as APTT and the incidence of postoperati-
ve deep vein thrombosis, between open and laparosco-
pic cholecystectomy patients. They were unable to de-
monstrate a significant difference in the plasma levels of
the aforementioned markers between the 2 groups of pa-
tients. On the other hand, the incidence of postopera-
tive deep vein thrombosis was significantly higher in the
open cholecystectomy group than in the laparoscopic cho-
lecystectomy group.

Additionally, in a randomized trial, Prisco et al. (40)
compared laparoscopic and open cholecystectomy by
studying perioperative changes in FIB, PT, and D-D va-
lues. They observed significantly higher postoperative FIB
levels in the open surgery group than in the laparosco-
pic group, as well as a significant increase in postopera-
tive PT in both groups. They concluded that laparoscopic
cholecystectomy induces the activation of the clotting
system, despite the activation being mild and brief.

Nguyen et al. (39) compared PT values as well as pla-
sminogen, FIB, D-D, and CRP plasma levels between
patients randomly assigned to open or laparoscopic ga-
stric bypass (GBP) surgery. They found an insignificant
increase in PT values and an insignificant decrease in pla-
sminogen levels in both groups after surgery. On the other
hand, D-D plasma levels were significantly higher after
surgery in the open GBP group compared to the lapa-
roscopic GBP group.

In another nonrandomized comparative study in-
volving laparoscopic cholecystectomy (n = 20) and low-
risk open surgery (Bassini herniorrhaphy, n = 12), Mar-
tinez-Ramos et al. (18) reported significantly higher po-
stoperative FIB levels than preoperative levels in both
groups, 24 h after surgery.

Conclusions 

Our results showed that open surgery leads to the ac-
tivation of the clotting system, which represents an in-
crease in thromboembolic risk for patients. We conclu-
de that, in addition to considering the patient’s patho-
logy, the selection of patients for surgery should be ba-
sed on biochemical indicators, such as CRP and FIB le-
vels, as well as PLT count and PT value. Additionally,
preoperative high CRP and D-D levels should indica-
te the need for prophylactic preliminary anticoagulant
therapy using maximal allowable dose levels, as well as
for a cautious postoperative follow-up period. 

These recommendations are based on findings of stu-
dies that only involved open surgery. Several randomi-
zed comparative studies that include both open and la-
paroscopic surgery should be conducted for further re-
commendation.
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