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Bleeding during and after cardiopulmonary bypass is a multifactorial and potentially 

lethal complication. That is why one of the most difficult tasks in cardiac surgery is the estab-
lishment of a timely, physiological hemostasis. The aim of this study was to diagnose the most 
common coagulation disorders in patients who underwent surgical revascularization of the 
myocardium (their frequency, follow-up complications) and therapeutic care of them. The pro-
spective survey included 100 respondents (22 female females-22.0% and 78 male respondents 
-78.0%), who were subjected to single, double and triple surgical revascularization of the myo-
cardium. Preoperative as well as 3 hours and 24 hours postoperatively determined the following 
parameters: blood count, coagulation status, platelet function parameters, rotational thrombo-
elastometric parameters, blood and blood product use, use of synthetic hemostatic agents. The 
most commonly diagnosed hemostasis disorders are preoperative and postoperatively dis-
rupted platelet function (up to 31% of patients), postoperative extrinsic coagulation factor con-
centration depletion (postoperatively) (21% of patients), intrinsic factor coagulation activity 
disorder (23% of patients after surgery) and disturbed concentration of functional fibrinogen 
and impaired fibrin clot polymerization in 17% of patients following surgery. During the study, 
13% of patients received a cryoprecipitate transfusion after surgery, 10% of patients received 
frozen fresh plasma, 22% were transfunded with platelet concentrates, 20% of patients 
received desmopressin acetate, while 3 patients received a prothrombin complex concentrate in 
the postoperative course.  
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Introduction 
 
The aortocoronary bypass is usually perform-

ed under conditions of extracorporeal circulation 
(ECC). Cardiopulmonary bypass (CPB) is a method 
that replaces cardiac arrest and pulmonary circu-

lation during cardiac surgery. The primary role of 
this technique is to provide tissue oxygenation and 
thermoregulation during surgery. The extracorporeal 
circulation machine is used for this purpose (1, 2). 

Bleeding during and after cardiopulmonary 
bypass is multifactorial. Namely, prolonged contact 
of platelets with the intestinal surfaces of the extra-

cellular bloodstream interferes with their function, 
leads to activation of platelets and coagulation cas-
cade, which in the final outcome has a thrombo-
cytopenia in more than 30%, as well as consumable 
coagulopathy. Contact activation of the coagulation 
cascade occurs upon contact of the artificial surface 
with blood, primarily through the activation of factor 

XII. Platelets of patients undergoing cardiac surgery 
are very sensitive, as patients are generally preoper-
atively receiving mono or dual antiplatelet therapy, 

which inhibits their function and further disrupts peri-
operative and postoperative hemostasis. Dilution 
within the primer, hypothermia during the interven-
tion, prolonged duration of the extracorporeal blood 

flow procedure, also disrupt systemic hemostasis. A 
number of patients have used oral or parenteral 
anticoagulation therapy, prior to the surgery which 
inhibits successful hemostasis by inhibiting the 
activation of factors II, VII, IX, X, XI. Increased 
perioperative blood loss, combined administration of 

heparin and protamine, preoperative anemia, renal 
failure, liver disease, age over 70 years, female 
gender, congenital or acquired coagulopathies are all 
risk factors that disrupt the coagulation cascade and 
hemostasis. 
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One of the most difficult tasks in cardiac sur-

gery is the establishment of timely, physiological 

hemostasis. Bleeding usually occurs during and after 
cardiac surgery. During this emergency, routine lab-
oratory testing of coagulation using PT, APTT, plate-
let counts is usually slow and insufficient. The point of 
care (POC) devices for monitoring the hemostatic 

system play a real role in these acute conditions: 
rotational thromboelastometry, impedance aggrega-
tion, activated coagulation time, functional fibrino-
gen and percentage of clot lysis (3). 

Systemic hemostatic therapy is crucial for the 
timely management of bleeding complications. 

 

The aim of the study 
 
The aim of this study was to diagnose the 

most common coagulation disorders in patients un-
dergoing surgical myocardial revascularization (their 
frequency, associated complications) and their thera-
peutic management, as well as the selection of ade-

quate hemostatic therapy in the management of 
coagulation disorders in cardiac surgery patients. 

 
Materials and methods 
 
This prospective study included 100 patients 

who underwent single, double and triple surgical 
myocardial revascularization at the Clinic of Cardiac 
Surgery, Clinical Center Niš, from 15.06.2018. to 
15.12.2018. One hundred patients were included in 
the research (22 female 22.0% and 78 male 78.0%). 
The mean age of the study population was 64.6 ± 

7.5 years (min 43, max 80 years). 

All patients enrolled in the study underwent 
preoperative mono or dual antiplatelet therapy (ace-
tylsalicylic acid ± clopidogrel/ticagrelor), which was 
discontinued 5 days before surgery. 

Following standard cardiac surgery preopera-
tive patient preparation, patients were operated on 
according to standard cardiac surgery protocols. 

The following parameters were determined 
preoperatively as well as 3 hours and 24 hours post-
operatively: 

1. blood count (erythrocyte-Rbc count, hemo-
globin-Hgb, hematocrit-Hct, leukocyte count-Wbc, 
platelet count-Plt) on a Horiba CRP 200 automatic 

counter, from 4ml whole blood sampled in a EDTA 
anticoagulant tube. 

2. coagulation status (prothrombin time-PT, 
International Normalized Ratio-INR, activated partial 
thromboplastin time-aPTT, fibrinogen-F I, antithrom-
bin III-AT III, D dimer, on ACL Elite Procoagulome 
ter), from the whole blood sampled using Na-citrate 

anticoagulated tube, centrifuged immediately after 
sampling for 15 min at 3500 rpm and then pipetted 
250 microlitre samples from the serum were 
released for coagulometer testing. 

3. parameters of platelet function (platelet ac-
tivation by adenosine diphosphate (ADP test)–re-
gisters residual effect of clopidogrel/ticagrelor on 

platelet function; platelet activation by arachidonic 
acid (ASPI test)-registers residual effect of acetyl-
salicylic acid and TRAP test-represents the natural 

potential of platelet-independent therapy, performed 

on a MULTIPLATE Roch Germany impedance aggre-

gator). Blood was sampled in 4ml lithium-heparin 
anticoagulant tubes and within 30 min of sampling, 
analyzes were performed. 

4. basic parameters of rotational thrombelas-
tometry (parameters of internal-INTEM test and ex-

ternal coagulation pathway-EXTEM test, namely: 
(coagulation time-CT which depends on the concen- 
tration and activity of plasma coagulation factors, 
maximum clot strength-MCF whose value is condi-
tioned by number and platelet function as well as 
fibrinogen concentration, the amplitude clots after 
10 minutes-A10 also depends on platelet count/ 

function and fibrinogen concentration, alpha angle, 
maximal lysis-ML registering pathological lysis of the 
clot), functional fibrinogen-FIBTEM test, A10 de-

pending on the persistence and polymerization of 
fibrin clot), on a ROTEM rotational platelet device 
Roche Germany, whole blood 4ml in sodium citrate 
tube as anticoagulant, and blood was also analyzed 

within 30 min of sampling. 
5. The use of blood and blood products, peri-

operatively and postoperatively, was recorded in the 
medical records kept in the operating room (oper-
ating list), as well as in the intensive care unit 
(shock list). 

6. The use of synthetic hemostatic agents 
(prothrombin complex concentrate-PCC complex, 
desmopressin acetate-DDAVP, tranexamic acid) was 
recorded in the medical records kept in the operat-
ing room (operating list) as well as in the intensive 
care unit (shock list). 

Multiplate test parameter values indicating an 

increased risk of increased perioperative and post-
operative bleeding, which may result from impaired 
platelet function, are based on recommendations 
and guidelines as follows: ADP test ≤ 310 (reference 
value 570-1130) aggregation units per minute (AU/ 
min), ASPI test ≤ 400 AU/min (ref. values 710-1490 
AU/min) and TRAP test ≤ 500 AU/min. (ref. values 

923-1509 AU/min). 
The basic parameters of ROTEM tests that are 

related to various disorders of hemostasis (accom-
panied by increased bleeding) and the consequent 
use of hemostatic therapy are: 

• Coagulation time-CT Extem ≥ 100 s (ref. 

value 38-79s), indicates disturbance of the coagula- 
tion factor of the external coagulation pathway (II, 

V, VII, IX factor). 
• Coagulation time-CT Intem ≥ 300 s (ref. 

value 100-240s), refers to disruption of the coag-
ulation factor of the intrinsic pathway (all factors 
except VII and XIII) or the presence of residual 

effect of high molecular weight heparin. 
• Maximum clot strength-MCF Extem/Intem ≤ 

45mm (ref. Value 50-72mm), occurs with impaired 
function and platelet count or fibrinogen deficiency. 

• Clot amplitude after 10 minutes-A10 Fibtem 
≤ 8 mm (ref. Value 9-23mm) registers at low con-
centration and poor polymerization of fibrin clot, 

which depends on the concentration of functional 
fibrinogen. 

• Maximum clot lysis-ML ≥ 15% (ref. Value  
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< 15%) indicates pathological hyperfibrinolysis, which 

also results in increased bleeding in patients. 

 
Statistical data processing 
 
Data were presented in the form of arithmetic 

mean and standard deviation, minimum and maxi-

mum values, as well as absolute and relative num-
bers. 

The normality of continuous variables was 
tested by the Kolmogorov-Smirnov test. If the data 
distribution was a normal comparison of values 
preoperatively and postoperatively at two moments 
(3 h and 24 h after surgery), an ANOVA was per-

formed for repeated measurements. If data distri-
bution was not normal, Friedman's test was used for 
this comparison. If the data distribution was a nor-

mal comparison between the two groups, the t-test 
was performed, if the data distribution was not nor-
mal this comparison was performed by the Mann-
Whitney test. 

The hypothesis was tested with a significance 
threshold of p < 0.05. Data analysis was performed 
in SPSS 16.0 software package. 

 
 

Results 

 

The number of surgical revascularization types 
(single, double, triple cardiopulmonary bypass-CABG 
I, II/III) was uniform in the study population. 
Double cardiopulmonary bypass (35.0%) was the 
most common; it was followed by triple (33.0) and 

single (32.0%) (Graph 1). 
The number of erythrocytes monitored in the 

three measurements decreased significantly (p < 
0.001). Also, hemoglobin and hematocrit values de-
clined statistically significantly over the follow-up 
period (p < 0.001 and p < 0.001, respectively). The 
number of leukocytes 3 h after surgery increased, 

compared to the period before surgery and then up 
to 24 h after surgery. There was a statistically sig-
nificant difference in the number of leukocytes dur-

ing the follow-up period (p < 0.001). Platelets drop-
ped abruptly up to 3 hours after surgery, then we 
had a slight increase in the 24-hour period after sur-
gery. Platelet counts changed statistically significant-

ly during the follow-up period (p < 0.001) (Table 1). 
 
 

 
 

 
 

Graph 1. CABG I/II/III distribution 
 
 
 
 

Table 1. Red blood cells number (RBC), hemoglobin values (HGB), hematocrit (Hct), white blood cells (Wbc)  
and platelet number (PLT) before and 3 h and 24 h after surgery 

 

Parameter Preoperatively 3 h postoperatively 24 h postoperatively p-value1 

RBC 4.46 ± 0.47 3.86 ± 0.55 3.76 ± 0.49 < 0.001 

Hgb 137.74 ± 10.93 114.98 ± 11.32 109.96 ± 8.87 < 0.001 

Hct 39.18 ± 4.17 32.99 ± 3.95 31.86 ± 3.10 < 0.001 

WBC 7.11 ± 1.28 10.07 ± 3.07 9.14 ± 3.34 < 0.0012 

PLT 236.22 ± 63.88 148.13 ± 56.65 167.01 ± 50.96 < 0.0012 

⸶Aritmetic mean ± standard deviation, 1ANOVA for repeated measurements, 2Friedman test 
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Graph 2. Distribution of patients with low ADP before surgery and 3 h and 24 h after surgery 

 
 
 
 

Table 2. Values of CT int and MCF int at follow-up in the study population 

 

Parameter Preoperatively 3 h postoperatively 24 h postoperatively p-value1 

CT INTEM 195.96 ± 44.63 236.11 ± 70.65 197.43 ± 46.83 < 0.001 

MCF INTEM 58.89 ± 5.70 50.91 ± 7.87 54.70 ± 7.87 < 0.001 

⸶Aritmetic mean ± standard deviation, 1Friedman test 

 

 
 
 

 
 

Graph 3. Values of CT int and MCF int during the monitoring period in the study population 

 
 

 
 

Preoperatively, 13 persons had ADP < 300 
aggregation units per minute-AU/min (13.0%), after 
3 hours of surgery 31 persons had ADP < 300 
(31.0%), and after 24 hours of surgery 5 persons 

had ADP < 300 (5.0%) (Graph 2). CT intem values 
increased in the first 3 h of surgery compared to the 
preoperative period and then returned to the 

preoperative values in the period up to 24 h. It was 
found that there was a statistically significant dif-
ference in CT intem values between the three mea-
surements (p < 0.001) (Table 2). MCF intem values 

declined in the first 3 hours after surgery compared 
to the preoperative period, and then began to in-
crease slightly up to 24 hours after surgery. It was 
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found that there was a statistically significant differ-

ence in the values of this parameter between the 

three measurements (p < 0.001) (Table 2, Graph 3). 
CT extem values increased in the first 3 hours 

after the surgery compared to the preoperative 
period, and then fall to lower values compared to 
the preoperative period up to 24 hours. It was found 

that there was a statistically significant difference in 

CT extem values between the three measurements 

(p <0.001) (Table 3). MCF extem values decline in 

the first 3 hours after surgery relative to the pre-
operative period, and then begin to increase slightly 
within 24 hours of surgery. It was found that there 
was a statistically significant difference in the values 
of this parameter between the three measurements 

(p < 0.001) (Table 3, Graph 4). 
 
 
 

Table 3. Values of CT ex and MCF ex in the monitoring period in the study population 

 

Parameter Preoperatively 3h postoperatively 24h postoperatively p-value1 

CT extem 63.96 ± 7.67 69.71 ± 10.56 60.62 ± 10.61 < 0.001 

MCF extem 62.25 ± 5.58 54.73 ± 11.63 56.38 ± 6.59 < 0.001 

⸶Aritmetic mean ±standard deviation, 1ANOVA for repeated measurements 

 
 
 

 
 

Graph 4. Values of CT ex and MCF ex during the monitoring period in the study population 
 
 
 

 
 

Graph 5. Values of A10 fibtem during the follow-up period in the total population 
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A10 fibtem values decreased within 3 hours 

after surgery (12.31 ± 6.82) in comparison to pre-

operative values (19.79 ± 10.35) and that was fol-
lowed by a slight increase (16.36 ± 5.89) (Graph 5). 
It was found that there was a statistically significant 
difference in the values of this parameter between 
the three measurements (p < 0.001). 

MCF extem of less than 45mm was measured 
in 21 patients (21.0%) 3 hours after surgery and in 
3 patients (3.0%) 24 hours after surgery. CT intem 
greater than 300 was measured in 23 patients 3 

hours after surgery and there were no such mea-

surements after 24 hours. MCF intem of less than 45 

was measured in 17 patients (17.0%) 3 hours after 
surgery and in 5 patients (5.0%) 24 hours after 
surgery. A10 fibtem ≤ 8 was measured in 8% of 
patients before surgery, in 15% of patients 3 h after 
surgery, and in 2% of patients 24 h after surgery 

(Table 4). 
In the study population, 9 patients (9.0%) 

had bleeding of over 1L in the drain (Graph 6). 

 
 
 

Table 4. Parameters indicating increased peri and postoperative bleeding 

 

 Before operation 3 h after operation 24 h after operation 

CT ex > 100 0 (0.0%) 4 (4.0%) 0 (0.0%) 

MCF ex < 45 0 (0.0%) 21 (21.0%) 3 (3.0%) 

CT int > 300 0 (0.0%) 23 (23.0) 0 (0.0%) 

MCF int < 45 0 (0.0%) 17 (17.0) 5 (5.0%) 

A10 fib ≤ 8 8 (8.0%) 15 (15.0%) 2 (2.0%) 

INR > 2 0 (0.0%) 6 (6.0%) 0 (0.0%) 

APTT > 50 0 (0.0%) 8 (8.0%) 5 (5.0%) 

ML > 15 0 (0.0%) 0 (0.0%) 0 (0.0%) 

 

 
 

 
Graph 6. Frequency of bleeding in the drain ≥1L after 24 h after surgery in the study population 

 
 
 

 
Blood and blood products (plasma, cryopre-

cipitate, platelets), as well as systemic hemostatic 
agents (desmopressin acetate, prothrombin complex 
concentrate) were not received by any patient prior 
to surgery. 

Three hours after surgery, 12 patients (12%) 

received allogeneic resuspended erythrocytes, while 
24 hours postoperatively 8 patients received one 
unit (350ml) of resuspended donor erythrocytes. 

Three hours after the operation, 13 patients 
(13.0%) received cryoprecipitate. Five patients (5%) 
received 10 doses of cryoprecipitate, 6 patients (6%) 
received 15, and 2 patients (2%) received 20 doses 
(A10 fibtem </ = 8). After 24 hours of surgery, no 
one received cryoprecipitate. 

After 3 hours, 10 patients (10.0%) received 
fresh frozen plasma-CT Extem/Intem ≥ 100/240s. 
One patient received 3 doses and nine patients 4 
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doses of plasma. Within 24 hours of myocardial re-

vascularization, fresh frozen plasma was not receiv-

ed by any of the patients. 
Platelet transfusion after 3 hours from surgery 

was received by 22 patients (22.0%)-MCF Ext / Int 
≤ 45mm, A10 Fibtem ≥ 10mm, ADP test ≤ 300 AU 
/min, ASPI ≤ 400 AU/min, TRAP ≤ 500 AU/min. An 

average of 11.14 ± 4.45 doses was administered. 
After 24 h of intervention, there were no patients re-
quiring platelet concentrate transfusion. 

With regard to systemic hemostatic agents, 
desmopressin acetate (DDAVP) and prothrombin 
concentrate complex (PCC), 3 hours after surgery, 13 
patients received one ampoule of DDAVP (20mcg)-

ASPI test ≤ 300 AU/min, while 24 hours after sur-
gery another 7 patients received the same medica-
tion. 

Each of 3 patients received PCC of 1000 IU 
postoperatively, and all patients' INR level was 5 or 
greater before therapy, as well as CT Extem ≥ 100s. 

 
Discussion 

 
According to the National Blood Collection & 

Utilization Survey (NBCUS), blood transfusions and 
blood derivatives, with the exception of platelet trans-
fusions, declined between 2008 and 2011 in the 
United States of America. A reduction of 8.2% in red 
blood cell (RBC) transfusions and a decrease in 
plasma transfusion by 13.4% were observed.  

In the United States, contrary to the general 
trend, there was an increase in blood and blood 
transfusions during cardiac surgery during 2010, 
when a total of 34% of operated patients received 
transfusions of erythrocytes or other blood deriva-
tives (4). Moreover, cardiac surgery was the branch 
of surgery that consumed the largest amounts of 
blood flow, while orthopedic surgery was in the sec-
ond position (5, 6). Transfusion is often necessary 
during cardiac surgery to correct coagulopathy, blood 
loss, and hemodilution due to priming. Very often, 
patients undergoing cardiac surgery have numerous 
comorbidities, such as anemia or previous myocar-
dial infarctions, which increase the risk of complica-
tions and therefore the need for blood transfusions is 
greater (7). 

It is important to note that in most patients 
who underwent cardiac surgery and who had an in-
creased rate of morbidity and mortality, an average 
of one to two units of blood were compensated (1, 
7, 8). These patients are generally treated for ane-
mia but have generally been hemodynamically stable 
(8, 9). 

The study we performed included 100 cardiac 
surgery patients, of whom 20 patients received 24 h 
postoperatively an average of one unit-350ml of re-
suspended erythrocytes, exclusively at Hgb ≤ 85 g/l, 
with the aim of correcting postoperative anemia to 
avoid hypoxia, what is consistent with the results 
described previously. 

The authors performed rigorous statistical 
analysis for their data and were able to show, using 
multiple logistic regression, that decreased activity 
due to ADP activation, predicted increased bleeding. 
In platelet mapping, the percentage of platelet in-

hibition, which subtracts the contribution of fibrin to 
the curve, but also the maximum amplitude due to 
platelet activator (MAADP), can be examined. The 
authors showed that both parameters were equally 
predictive in this data group. In addition to the pre-
dictive effect with respect to blood loss, platelet acti-
vation due to ADP predicts the need for platelet 
transfusion. It appears that the value of MAADP may 
have the ability to determine which patients on clo-
pidogrel are likely to require platelet transfusion (10, 
11). The results in this study also indicate the im-
portance of preoperative and early postoperative 
testing of ADP as an independent predictor of increa-
sed bleeding in cardiac surgery. 

Regarding frozen fresh plasma transfusions, 
as well as platelet concentrate transfusions, this stu-
dy was performed solely on the basis of hemostasis 
therapy algorithms guided by ROTEM and Multiplote 
(12, 13). A total of 10 patients received an average 
of 3.5 units within 3 hours of surgery, with an aver-
age of 3.5 units of 220ml per patient, exclusively 
after detection of coagulation factor deficiency by 
ROTEM assay parameters (Extem and Intem). Donor 
platelet concentrate was obtained by 22% of pa-
tients early after surgery, also based on analysis of 
point-of-care (POC) hemostasis tests, both on ROTEM 
parameters and on Multiplate analyzer (ADP, ASPI, 
TRAP test). The use of the synthetic hemostatic agent 
desmopressin acetate to correct platelet function 
was performed on the basis of ASPI test values and 
on the comparison of ROTEM values related to blood 
clot strength (a total of 20 subjects received the 
drug after surgery). 

In order to reduce the amount of blood loss 
and blood transfusions required during and after 
cardiac surgery, it is important that antiplatelet drugs 
such as acetylsalicylic acid and clopidogrel, routinely 
prescribed for patients before cardiac surgery, espe-
cially those undergoing surgical myocardial revascu-
larization, are suspended before surgery. There is no 
precise information when to and on what day anti-
platelet medication should be discontinued in order 
to obtain the most optimal results in terms of reduc-
ing postoperative drainage and the need for reim-
bursement of blood and blood derivatives (14). How-
ever, the literature data show that discontinuation of 
antiplatelet medication 2 days before cardiac sur-
gery results in a significant reduction in the need for 
reimbursement of platelets (15). 

The connection between discontinuation of 
antiplatelet drugs, and preoperative Multiplate and 
ROTEM values and major adverse cardiovascular and 
cerebral prothrombotic events could not be demon-
strated, which is in agreement with the results ob-
tained in our study. 

Thromboelastography is a dynamic qualitative 
and quantitative assessment of clot formation that 
consists of three stages: clot initiation, clot strength, 
and clot stability (fibrinolysis). Performing thrombo-
elastography using ROTEM is very useful, but it does 
not eliminate the need for other POC techniques that 
allow the evaluation of platelet function (e.g., Aggre-
gometry-Multiplate), all of which are incorporated 
into numerous algorithms that are constantly being 
modified and developed (16, 17). 
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Despite the improvements made with existing 
new techniques, most surgeons are still inclined to 
accept a significant amount of blood loss as a char-
acteristic of cardiac surgery. The research conduct-
ed at our institution also indicates that only 9% of 
patients had an average postoperative drainage loss 
of more than 1000ml, primarily due to the timely 
administration of so-called hemostatic agents. Tar-
geted hemostasis therapies are guided by point of 
care devices for testing hemostasis. 

It is very important to ensure adequate drain-
age and removal of blood from the pericardium and 
pleura cavity (it has high fibrinolytic activity and tis-
sue coagulation factor). Removing this blood and 
clot probably not only reduces the chance of exces-
sive blood loss by preventing systemic coagulopa-
thy, but also has beneficial effects on several other 
factors associated with surgery, such as inflamma-
tion, atrial fibrillation, pericardial effusions (tampo-
nade), and development of adjuncts (18). Our 
results indicate that no patients with pathological hy-
perfibrinolysis were registered as a result of early 
administration of anti-fibrinolytic-tranexamic acid at 
a dose of 1000mg immediately after the sterno-
tomy. 

After careful evaluation, hemodilution appears 
to be the most prominent factor associated with the 
development of coagulopathy after cardiac surgery, 
and probably plays an important role in the onset of 
blood loss after cardiac surgery (19). Prothrombin 
Complex Concentrate (PCC) is a hemostasis agent 
used for vitamin K dependent coagulation factor de-
ficiency (II, VII, IX, X), which occurs especially in di-
lution coagulopathy during and after cardiac sur-
gery. The advantage is on the PCC side compared to 
the plasma. There is currently no consensus on the 
dosage and timing of PCC administration, and the 
increased risk of thromboembolic complication must 
always be balanced for PCC administration. Three 
patients in this study received an average PCC dose 
of 1000 IU postoperatively because of the deficiency 
of these factors, which was registered by the CT 
extem parameter 100 ≥ s on ROTEM, as well as the 
values of prothrombin time or INR over 5. 

Fibrinogen is one of the most important coag-
ulation factors and it is possible for the clotting pro-
cess to fall below a critical level during hemodilution, 
so care should be taken when it is necessary to ad-
minister fibrinogen concentrate (20). Since we did 
not possess fibrinogen concentrate following the 
FIBTEM test on ROTEM, and especially the clot am-
plitude after 10 min (A10), each of 13 patients re-
ceived an average of 15 doses of cryoprecipitate 
early postoperatively (3 h after intervention). 

Fibrinogen is an acute-phase protein whose 
level gradually increases during and after surgery in 
response to surgical trauma and the use of extracor-
poreal circulation. Increased concentrations of D-
dimer and prothrombin fragment 1 + 2, together 
with increased thrombin production, indicate that 
the hypercoagulable state develops up to 5 days 
after cardiac surgery. The interaction of these two 
factors (hypercoagulable state and administration of 
fibrinogen concentrate) may increase the risk of 
thromboembolic complications in the postoperative 
period. Therefore, adequate anticoagulant and/or 

antiaggregation therapy to prevent the occurrence 
of thromboembolic complications in the postopera-
tive course is required, especially in patients not 
receiving vitamin K antagonists, even in patients 
without prior bleeding. The delicate balance between 
bleeding tendency and hypercoagulable state must 
be maintained. 

Point of care coagulation management with 
ROTEM and impedance aggregometry is now often 
used to determine first-line therapy with specific 
coagulation factor concentrates such as fibrinogen 
concentrates and prothrombin complex concentrates 
(PCC). 

Roberts HR and colleagues published the re-
sults of a prospective randomized trial aimed at stu-
dying the effects of hemostatic therapy, guided by 
either conventional coagulation analysis or POC test-
ing, in cardiac surgery patients (21). Patients diag-
nosed with diffuse bleeding after heparin reversal or 
increased blood loss for the first 24 hours were in-
cluded and randomized to the POC group. The he-
mostatic therapy algorithms in combination with POC 
testing reduced the number of erythrocyte trans-
fusion units compared with conventional laboratory 
coagulation testing. Moreover, POC-guided therapy 
was associated with decreased use of fresh frozen 
plasma (FFP) and platelet concentration and cost, as 
well as improved clinical outcome. 

The use of POC evaluation can provide a fas-
ter and more complete insight into this delicate bal-
ance, creating a more individualized, patient-cen-
tered treatment. The wide variation in the patient's 
sensitivity to the use of clopidogrel, often produces 
very different individual results before surgery, ne-
cessitating the continued use and determination of 
POC before, during and after cardiac surgery. A 
patient-centered, individual approach can help 
reduce perioperative and postoperative blood loss 
and minimize the need for transfusion. 

 
Conclusion 
 
Due to the complexity and duration of cardiac 

surgery procedure, hemostatic changes occur in pa-
tients undergoing CABG. Moreover, other hemo-

static abnormalities may already be detected in pa-
tients preoperatively due to their type of disease 
and/or their pharmacological treatments (oral anti-
coagulants, antiplatelet aggregation drugs). 

Because of all of the above, it is a priority to 

diagnose the most common coagulation disorders in 
patients undergoing surgical myocardial revasculari-

zation and to choose appropriate hemostatic therapy 
to timely manage coagulation disorders in cardiac 
patients. 

In this context, the most common disorders 
of the hemostatic system in this study were diag-
nosed with preoperatively and postoperatively im-
paired platelet function (up to 31% of patients), im-

paired activity and concentrations of extrinsic coag-
ulation factors postoperatively (21% of patients), 
impaired activity and concentrations of intrinsic coag-
ulation factors (23% of patients after surgery) and 
impaired concentration of functional fibrinogen and 
impaired polymerization of fibrin clot in 17% of 
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patients after surgery. Described disorders resulted 

in bleeding which, in an extreme case, can cause a 

lethal outcome. 
Of particular clinical importance are the de-

vices for POC testing of the hemostatic system, which 
allow for the correct and timely diagnosis of these 
disorders of coagulation, the prediction of possible 

bleeding that has not yet manifested clinically, and 
the choice of targeted hemostatic therapy that will 
prevent or stop the bleeding. Due to laboratory and 
clinical detection of hemostatic disorders recorded 
during the study, 13% of patients received cryopre-
cipitate transfusion after surgery, 10% of patients 
received frozen fresh plasma, 22% were transfused 

with platelet concentrates, 20% of patients received 
desmopressin acetate, while 3 patients received pro-
thrombin complex concentrate in postoperative flow. 

It should be noted that 20% of patients received 
transfusion of resuspended erythrocytes (an average 
of 1 unit) after cardiac surgery, and all operated pa-

tients received autologous transfusion of their own 

blood through the intraoperative blood salvage de-

vice during the intervention. 
Because of all this, only 9% of surgery pa-

tients had drainage greater than 1L within the first 
24 hours of surgery, with no consequent complica-
tions regarding surgical reintervention. 

Thanks to the described protocols of the POC 
application of coagulation system testing, the speed 
of the tests themselves, and rapid clinical decisions 
regarding hemostatic therapy, the mortality rate of 
operated patients included in the study was about 
1% (not due to hemostatic disorders), which ranks 
among the world's eminent institutions that deal 

with cardiac surgery. 
Modern methods combined with proven clini-

cal protocols, extensive clinical experience of staff, 

respecting the principle "time is life", enables the 
best possible care for patients with detected hemo-
static disorder in cardiac surgery. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

149 



Monitoring of hemostasis disorders in cardiac surgery                                                                                   Milan Lazarević et al. 

150 

 
References 

 
 
 
 

1. Ohri SK, Bowles CW, Mathie RT, Lawrence DR, Keogh 
BE, Taylor KM. Effect of cardiopulmonary bypass 
perfusion protocols on gut tissue oxygenation and 
blood flow. Ann Thorac Surg 1997;64(1):163-70.  
[CrossRef] [PubMed] 

2. Nussmeier NA, Searles BE. Inflammatory brain injury 
after cardiopulmonary bypass: is it real? Anesth Analg 
2010;110(2):288-90. [CrossRef] [PubMed] 

3. Najafi M, Faraoni D. Updates on coagulation mana-
gement in cardiac surgery. Journal of Tehran Univer-
sity Heart Center 2014;9(3):99-103. [PubMed] 

4. Robich MP, Koch CG, Johnston DR, Schiltz N, Chan-
dran Pillai A, Hussain ST, et al. Trends in blood utiliza-
tion in United States cardiac surgical patients. Trans-
fusion 2015;55(4):805-14. [CrossRef] [PubMed] 

5. Geissler RG, Rotering H, Buddendick H, Franz D, 
Bunzemeier H, Roeder N, et al. Utilisation of blood 
components in cardiac surgery: a single-centre retro-
spective analysis with regard to diagnosis-related pro-
cedures. Transfus Med Hemoth 2015;42(2):75-82. 
[CrossRef] [PubMed] 

6. Stoicea N, Bergese SD, Ackermann W, Moran KR, 
Hamilton C, Joseph N, et al. Current status of blood 
transfusion and antifibrinolytic therapy in orthopedic 
surgeries. Front Surg 2015;2:3. [CrossRef] [PubMed] 

7. Ad N, Massimiano PS, Burton NA, Halpin L, Pritchard 
G, Shuman DJ, et al. Effect of patient age on blood 
product transfusion after cardiac surgery. J Thorac 
Cardiovasc Surg 2015;150(1):209-14. 
[CrossRef] [PubMed] 

8. Paone G, Herbert MA, Theurer PF, Bell GF, Williams 
JK, Shannon FL, et al. Red blood cells and mortality 
after coronary artery bypass graft surgery: an analysis 
of 672 operative deaths. Ann Thorac Surg 2015;99 
(5):1583-9. [CrossRef] [PubMed] 

9. Shander A, Goodnough LT. Can blood transfusion be 
not only ineffective, but also injurious? Ann Thorac 
Surg 2014;97(1):11-4. [CrossRef] [PubMed] 

10. Enriquez LJ, Shore-Lesserson L. Point-of-care coagula-
tion testing and transfusion algorithms. Br J Anaesth 
2009;103(1):i14-22. [CrossRef] [PubMed] 

11. Bolliger D, Tanaka KA. Point-of-Care coagulation test-
ing in cardiac surgery. Semin Thromb Hemost 2017. 
43(4):386-96. [CrossRef] [PubMed] 

12. Hansson EC, Jeppsson A. Platelet inhibition and bleed-
ing complications in cardiac surgery: A review. Scand 
Cardiovasc J 2016;50(5-6):349-54. 
[CrossRef] [PubMed] 

13. Kind SL, Spahn-Nett GH, Emmert MY, Eismon J, 
Seifert B, Spahn DR, et al. Is dilutional coagulopathy 
induced by different colloids reversible by replacement 
of fibrinogen and factor XIII concentrates? Anesth 
Analg 2013;117(5):1063-71. [CrossRef] [PubMed] 

14. Gundling F, Seidl H, Gansera L, Schuster T, Hoffmann 
E, Kemkes BM, et al. Early and late outcomes of 
cardiac operations in patients with cirrhosis: a retro-
spective survival-rate analysis of 47 patients over 8 
years. Eur J Gastroenterol Hepatol 2010;22(12): 
1466-73. [CrossRef] [PubMed] 

15. Karkouti K, Callum J, Wijeysundera DN, Rao V, 
Crowther M, Grocott HP, et al. Point-of-Care hemo-
static testing in cardiac surgery A Stepped-Wedge 
clustered randomized controlled trial. Circulation 
2016;134(16):1152-62. [CrossRef] [PubMed] 

16. Riley J, Schears GJ, Nuttall GA, Oliver WC Jr, Ereth 
MH, Dearani JA. Coagulation parameter thresholds 
associated with non-bleeding in the eighth hour of 
adult cardiac surgical post-cardiotomy extracorporeal 
membrane oxygenation. J Extra Corpor Technol 2016; 

48(2):71-8. [PubMed] 
17. Engoren M, Arslanian-Engoren C. Long-term survival 

in the intensive care unit after erythrocyte blood 
transfusion. Am J Crit Care 2009;18(2):124-31.  
[CrossRef] [PubMed] 

18. Vamvakas EC, Carven JH. RBC transfusion and 
postoperative length of stay in the hospital or the 
intensive care unit among patients undergoing coro-
nary artery bypass graft surgery: the effects of con-
founding factors. Transfusion 2000;40(7):832-9.  
[CrossRef] [PubMed] 

19. Koster A, Zittermann A, Borgermann J, Knabbe C, 
Diekmann J, Schirmer U, et al. Transfusion of 1 and 2 
units of red blood cells does not increase mortality and 
organ failure in patients undergoing isolated coronary 
artery bypass grafting. Eur J Cardiothorac Surg 2016; 
49(3):931-6. [CrossRef] [PubMed] 

20. Roberts HR. Oscar Ratnoff: his contributions to the 
golden era of coagulation research. Br J Haematol 
2003;122(2):180-98. [CrossRef] [PubMed] 

21. Haanschoten MC, van Straten AH, Verstappen F, van 
de Kerkhof D, van Zundert AA, Soliman Hamad MA. 
Reducing the immediate availability of red blood cells 
in cardiac surgery, a single-centre experience. Neth 
Heart J 2015;23(1):28-32. [CrossRef] [PubMed] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.annalsthoracicsurgery.org/article/S0003-4975(97)00290-7/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/9236354
https://insights.ovid.com/crossref?an=00000539-201002000-00006
https://www.ncbi.nlm.nih.gov/pubmed/20081124
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393843/
https://onlinelibrary.wiley.com/doi/abs/10.1111/trf.12903
https://www.ncbi.nlm.nih.gov/pubmed/25363570
https://www.karger.com/Article/FullText/377691
https://www.ncbi.nlm.nih.gov/pubmed/26019702
https://www.frontiersin.org/articles/10.3389/fsurg.2015.00003/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4325662/
https://www.jtcvs.org/article/S0022-5223(15)00435-3/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/25896463
https://www.annalsthoracicsurgery.org/article/S0003-4975(15)00059-4/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/25757760
https://www.annalsthoracicsurgery.org/article/S0003-4975(13)01783-9/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/24384164
https://bjanaesthesia.org/article/S0007-0912(17)33860-6/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/20007984
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1599153
https://www.ncbi.nlm.nih.gov/pubmed/28359133
https://www.tandfonline.com/doi/abs/10.1080/14017431.2016.1231935?journalCode=icdv20
https://www.ncbi.nlm.nih.gov/pubmed/27590033
https://insights.ovid.com/crossref?an=00000539-201311000-00008
https://www.ncbi.nlm.nih.gov/pubmed/24029856
https://insights.ovid.com/pubmed?pmid=21346421
https://www.ncbi.nlm.nih.gov/pubmed/21346421
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.116.023956
https://www.ncbi.nlm.nih.gov/pubmed/27654344
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5001524/
http://ajcc.aacnjournals.org/content/18/2/124
https://www.ncbi.nlm.nih.gov/pubmed/19255102
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1537-2995.2000.40070832.x
https://www.ncbi.nlm.nih.gov/pubmed/10924612
https://academic.oup.com/ejcts/article/49/3/931/2465482
https://www.ncbi.nlm.nih.gov/pubmed/26201957
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2141.2003.04459.x
https://www.ncbi.nlm.nih.gov/pubmed/12846885
https://link.springer.com/article/10.1007%2Fs12471-014-0618-9
https://www.ncbi.nlm.nih.gov/pubmed/25326103


Acta Medica Medianae 2019, Vol.58(4)                                                          Monitoring of hemostasis disorders in cardiac surgery 

151 

 

Originalni rad UDC: 616.151.5:616.12-089-073 

doi:10.5633/amm.2019.0422 

 
 

 
 

 

MONITORING POREMEĆAJA HEMOSTAZE U KARDIOHIRURGIJI 
 

 
Milan Lazarević1, Dragan Milić1,2, Mlađan Golubović3, Tomislav Kostić2,4, Miodrag Đorđević5 

 

 
1Klinika za kardiohirurgiju, Klinički centar Niš, Srbija 
2Univerzitet u Nišu, Medicinski fakultet, Niš, Srbija 
3Klinika za anesteziju i intenzivnu terapiju, Klinički centar Niš, Srbija 
4Klinika za kardiovaskularne bolesti, Klinički centar Niš, Srbija 
5Klinika za endokrinu hirurgiju, Klinički centar Niš, Srbija 
 

 

Kontakt: Milan Lazarević 

Ćirila i Metodija 17/9, 18000 Niš, Srbija 

E-mail: dr_m.lazarevic@hotmail.com 
 

 
Krvarenje tokom i posle ugradnje kardiopulmonalnog bajpasa je multifaktorijalna i 

potencijalno letalna komplikacija. Zato je jedan od najtežih zadataka u kardiohirurgiji usposta-
vljanje pravovremene, fiziološke hemostaze.  

Cilj ovog istraživanja bio je dijagnostikovati najčešće poremećaje koagulacije kod 
bolesnika koji su podvrgnuti hirurškoj revaskularizaciji miokarda (njihovu učestalost, prateće 
komplikacije) i terapijsko zbrinjavanje istih. U prospektivno istraživanje uključeno je 100 ispi-
tanika (22 osobe ženskog pola - 22% i 78 muških ispitanika – 78%), koji su bili podvrgnuti 
jednostrukoj, dvostrukoj i trostrukoj hirurškoj revaskularizaciji miokarda. Preoperativno, kao i 
tri sata i 24 sata postoperativno, određivani su sledeći parametri: krvna slika, koagulacioni 
status, parametri funkcije trombocita, parametri rotacione trombolastometrije, upotreba krvi i 
produkata krvi, upotreba sintetskih hemostaznih agenasa. Najčešći dijagnostifikovani poreme-
ćaji hemostaznog sistema su preoperativno i postoperativno poremećena funkcija trombocita 
(do 31% bolesnika), poremećaj aktivnosti i koncentracije faktora spoljašnjeg puta koagulacije 
postoperativno (21% bolesnika), poremećaj aktivnosti i koncentracije faktora unutrašnjeg 
puta koagulacije (23% bolesnika posle operacije) i poremećena koncentracija funkcionalnog 
fibrinogena i poremećena polimerizacija fibrinskog ugruška kod 17% bolesnika posle hirurške 
intervencije. Tokom istraživanja, 13% bolesnika je primilo transfuziju krioprecipitata posle 
operacije, 10% bolesnika je primilo zamrznutu svežu plazmu, 22% je transfundovano 
koncentratima trombocita, 20% bolesnika je dobijalo dezmopresin-acetat, dok su tri bolesnika 
primila koncentrat protrombinskog kompleksa u postoperativnom toku. 
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