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Abstract: Introduction:Rotational thromboelastometry is a diagnostic tool extensively utilized for
patients at high risk of bleeding, particularly those experiencing trauma or undergoing significant surgical
procedures. This test is notable for providing rapid results, facilitating timely decisions regarding the
application of individualized transfusion therapies, thereby optimizing the rational use of blood
components. Aim:The objective of this study is to assess the utilization of blood components in the
transfusion treatment of patients at the Emergency Center of the University Clinical Center of Serbia,
based on the outcomes of rotational thromboelastometry. The analysis aims to evaluate the frequency of
these interventions in the studied population and to highlight the advantages of this treatment modality.
Material and methods: This retrospective study analyzed trauma patients who underwent rotational
thromboelastometry at the Hospital Blood Bank, Department of Pre-transfusion Testing, Emergency
Center of the University Clinical Center of Serbia, from January 1st 2023, to December 31st 2023. Data
regarding the results of the thromboelastometry tests and subsequent blood component therapies were
extracted from the Service's protocols. Results: During the study period, 776 patients were evaluated by
means ofrotational thromboelastometry, of which 358 (46.13%) required blood component therapy.
Cryoprecipitate was administered to 48 (13.40%) patients, platelet concentrate to 69 (19.27%), and a
combination of cryoprecipitate and platelets to 61 (17.03%) patients. Additional therapeutic approaches
included the administration of platelets, desmopressin, and tranexamic acid, while fresh frozen plasma
was utilized the least, in only 17 (4.74%) patients. Conclusion:The analysis of blood components used for
therapeutic purposes in relation to the rotational thromboelastometry demonstrated a wide range of
therapeutic modalities in the treatmentof patients. This testing method facilitates individualized therapy
with blood components, subsequently diminishing the needfor transfusions, enhancingallows for better
diagnostic precision, and reduces costs associated with long-term managementof patients.
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INTRODUCTION

Rotational thromboelastometry (ROTEM) is a test whichis an integral part of "Point-of-Care" testing. It is
characterized by being performed within a short time frame after the patient's sample is taken, allowing
timely decisions regarding the transfusion management of the patient. The results are obtained quickly,
which enables a rapid modification of therapy if needed [1]. ROTEM testing is being increasingly
integrated into the routine diagnostic algorithm and management of bleeding in patients at high risk of
bleeding, such as trauma patients. At the Emergency Center of the University Clinical Center of Serbia, the
majority of patients are those admitted urgently as a result of trauma. A rapid clinical assessment of the
injured patient's condition allows the prediction of trauma-induced coagulopathy (TIC) and the need to
activate the massive transfusion protocol [2]. For these purposes, multiple ROTEM tests can be used to
distinguish between mechanical and hemostatic bleeding, identify disorders in various stages of the
hemostatic process, thereby enabling targeted and rational use of blood and blood components. ROTEM is
a functional test that graphically displays the formation and breakdown of a clot, allowing monitoring of
the progression or resolution of coagulopathy following a trauma [3].



ROTEM screening tests

The basic screening tests are the EXTEM and INTEM tests. These screening tests provide general
information about the status of the hemostasis system. The EXTEM test is sensitive to the deficiency of
coagulation factors in the extrinsic pathway, while the INTEM test is sensitive to the deficiency of
coagulation factors in the intrinsic pathway, as well as to the anticoagulant effects of heparin and
thrombin inhibitors. Both tests are sensitive to platelet participation in clot firmness, fibrinogen levels,
fibrin polymerization, factor XIII deficiency, and hyperfibrinolysis [4,5].

Additional ROTEM tests

The analysis of the hemostasis system is expanded by performing additional tests: FIBTEM, APTEM and
HEPTEM.

The FIBTEM test is an EXTEM test for the fibrin component of the clot. FIBTEM eliminates the
contribution of platelets in clot formation and allows detection of fibrinogen deficiency or fibrin
polymerization disorders.

The APTEM test is based on the EXTEM test and allows detection of fulminant hyperfibrinolysis. This test
helps identify the need for administering antifibrinolytic therapy. It enables the assessment of whether
antifibrinolytic therapy alone normalizes coagulation or if additional measures are required (e.g.,
administration of fibrinogen or platelets).

The HEPTEM test is an INTEM test that allows identification of hemostasis deficiencies even in the
presence of heparin and represents an INTEM test without interference from heparin or heparin
anticoagulants [5,6].

The parameters of ROTEM analysis

The primary result is a reaction curve in the form of a thromboelastogram, which describes the dynamics
of blood clot formation, its size, firmness, and elasticity throughout all the phases of the coagulation
process. In routine clinical practice, the following thromboelastogram parameters are analyzed [6].

1. Clotting Time (CT)

CT reflects the time from the activation of coagulation to the initial formation of the blood clot, i.e., until
the clot reaches a firmness of 2 mm. A prolonged CT is theresult of coagulation factor deficiency,
hyperfibrinolysis, hypofibrinogenemia, and the presence of heparin. A shortened CT is a result of
hypercoagulability.

2. Clot Formation Time (CFT)

CFT reflects the time required to achieve firmness of a 20 mmclot. CFT reflectsthe initial polymerization of
fibrin, specifically the interaction between fibrinogen and platelets.

3. a- Angle

The alpha angle represents the angle between the horizontal baseline and the tangent that touches the
coagulation curve at the point where the firmness of the blood clot of2 mm is achieved. It reflects the
quantitative and qualitative relation between fibrinogen and platelets.

4. Maximum Clot Firmness (MCF)

MCF represents the maximum amplitude achieved during testing and indicates the stability of the fibrin
clot. In the EXTEM and INTEM tests, MCF reflects the levels of fibrinogen and platelets, while in the
FIBTEM test it indicates the concentration and functionality of fibrinogen.

5. Maximum Lysis (ML)

ML represents the maximum fibrinolytic activity observed during the analysis and indicates the
percentage of blood clot lysis.

AIM
The aim of this study is to assess the utilization of blood components in the transfusion treatment of
trauma patients at the Emergency Center of the University Clinical Center of Serbia, based on the
outcomes of rotational thromboelastometry. The analysis aims to evaluate the frequency of these
interventions in the studied population and to highlight the advantages of this type of treatment for
patients.

MATERIALS AND METHODS
This retrospective study analyzed trauma patients who underwent ROTEM testing in the Hospital Blood
Bank, Department of Pre-Transfusion Testing, at the Emergency Center of the University Clinical Center of



Serbia, from January 1st 2023, to December 31st 2023. Based on the obtained results, therapy was
administered to each patient. Testing on the ROTEM analyzer was conducted using a tube containing 3.2%
sodium citrate as an anticoagulant (Vacutainer Brand, Belliver Industrial Estate, Plymouth, UK, 4.5 ml, 9
NC 0.129 M). A volume of 300 uL of resuspended blood was taken from the tube for each of the two tests
(EXTEM and FIBTEM) using a pipette with predefined aspiration and expiration time intervals, it was
placed into the "cup & pin" chamber where specific activators for each test were added. Upon activation of
each test, the results were monitored on the ROTEM analyzer screen (Figure 1), and once the values were
obtained, the result was printed, described, and distributed along with the proposed therapy to the
departments that had requested the procedure.

Figure 1. [llustration of the ROTEM graphical record showing all phases of hemostasis.
Sourced from: 10.1515/acm-2015-0006.
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Table 1 presents the ROTEM reference values,on the basis of which the therapy was administered to

patients.
Table 1. ROTEM parameters, normal values
CT(s) CFT(s) Alpha(°) A10(mm) A20(mm) MCF(mm) ML(%)
EXTEM 38-79 34-159 63-83 43-65 50-71 50-72 0-15
INTEM 100-240 30-110 70-83 44-66 50-71 50-72 0-15
FIBTEM 38-62 / / 7-23 8-24 9-25 /
RESULTS

During the observation period, ROTEM testing was performed on 776 patients. Based on the obtained
results, 358 of them (46.13%) required therapy with blood components, while 418 (53.87%) did not need
such therapy (Table 2).

Table 2. Need for component therapy based on ROTEM parameter values

N

%




Patients who received therapy with blood 358 46.13%
components

Patients who did not receive therapy with 418 53.87%
blood components
Total 776 100%

The occurrence of clinical bleeding in patients by gender is shown in Table 3. There is a statistically
significant difference in the presence of clinical bleeding related to gender(X* = 7.989, p=0.005). Among
female patients, 53.88% exhibit clinical bleeding, while 43.83% of male patients show signs of bleeding.

Table 3. Presence of signs of clinical bleedingby gender

Signs of clinical bleeding
Gender Yes% No% Total %
M 233 4283 % 311 57.17% 544  100%
F 125 53.88% 107 46.12% 232 100%
Total 358 46.13% 418 53.87% 776  100%

The occurrence of clinical bleeding in patients by age is shown in Table 4. There is a statistically significant
difference in the presence of signsofbleeding based on the results of the X? test (X* = 104.902, p<0.001).
Bleeding was most prevalent in the age group of 75 to 84 (85.71%) and least prevalent in the age group of
35 to 44 (19.39%).

Table 4. Presence of signs of clinical bleeding by age

Signs of clinical bleeding
Age Yes% No% Total%
(years)
23- 25 31.65% 54 68.35% 79 100%
34
35- 38 19.39% 158 80.61% 196 100%
44
45- 101 52.33% 92 47.67% 193 100%
54
55- 139 63.18% 81 36.82% 220 100%
64
65- 43 58.11% 31 41.89% 74 100%
74
75- 12 85.71% 2 14.29% 14 100%
84
Total 358 46.13% 418 776 100%

53.87%

The distribution of blood component usage among patients is shown in Figure 2. Observing the
distribution of blood components, we can see that cryoprecipitate was administered to 48 patients
(13.40%), platelets to 69 patients (19.27%), and cryoprecipitate and platelets simultaneously to 61
patients (17.03%). The administration of platelets and desmopressin (DDAVP) was necessary for 72
patients (20.11%). Fresh frozen plasma (FFP) was used in only 17 patients (4.74%). A combination of



platelets, tranexamic acid (TXA), DDAVP, and cryoprecipitate was administered to 22 patients (6.14%),
while cryoprecipitate, platelets, and DDAVP were given to 38 patients (10.6%).

Figure 2. Administered Blood Component Therapy
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In 31 patients (8.65%), a tendency towards hypercoagulability was confirmed, and in 11 of these patients
(35.48%), the administration of Kybernin P 500 was recommended as a substitution for antithrombin
deficiency.

DISCUSSION

The aim of this study was to assess the impact of ROTEM-guided transfusions on the use of blood
components in traumapatients. ROTEM-guided therapy with blood components is associated with
improved patient outcomes, particularly as it also reduces the need for allogeneic blood transfusions. Our
study had a significantly higher proportion of male patients (70.1%) compared to females. Gender
differences among trauma patients have been well documented in various studies, with a higher
prevalence of males. Specifically, men are more frequently represented as polytrauma patients, often due
to risky behaviors that include alcohol consumption and driving under the influence of alcohol [1].
Additionally, most causes for multiple injuries are indeed the result of traffic accidents and work-related
injuries, which often occur in younger male populations who are more mobile and engaged in physically
demanding jobs [1,2]. Moreover, traumas also occur among the elderly because of falls and fractures [1,3].
Studies have shown that ROTEM can significantly reduce transfusion requirements in cardiac surgery
patients, trauma cases, and liver transplantation [7,8]. Gorlinger et al. found that the use of ROTEM in
cardiac surgery patients decreases the need for red blood cells, FFP and platelets, thereby reducing the
risks of complications associated with blood transfusions [9].

The results of our study show that ROTEM-guided transfusion primarily led to increased use of fibrinogen
in the form of cryoprecipitate, either as the sole component administered in 13.40% of patients or in
combination with other components. Research indicates that ROTEM identifies functional fibrinogen
deficiency more reliably than standard hemostasis tests. Several studies have demonstrated that patients
with acquired fibrinogen deficiency have increased morbidity and mortality during trauma or procedures
that may cause bleeding [10,11]. Schochl et al. demonstrated that ROTEM-guided therapy enables rapid
correction of hypofibrinogenemia in severely traumatized patients, reducing the need for large FFP
transfusion volumes and associated risks [12]. In cases of trauma-induced coagulopathy (TIC), acquired
hypofibrinogenemia is the earliest sign of coagulopathy [9,12]. Fibrinogen levels decrease due to blood
loss and hemodilution from the use of crystalloids. A decline in fibrinogen can be observed within the first
hour of bleedingas the liver is unable to compensate for such a rapid loss in a short period. [13]. Rapid
identification of hypofibrinogenemia is crucial for the effective treatment of coagulopathy.
ROTEM also allows the assessment of platelet deficiency and guides to targeted platelet therapy. The



study by Collins et al. demonstrated that ROTEM can identify platelet deficiency in patients with massive
bleeding, enabling adequate and timely platelet therapy, thereby reducing the risks of thrombocytopenia
and associated complications [14]. Thrombocytopenia is one of the factors predicting the risk of death in
trauma patients [9,15]. By using ROTEM, the need for platelet transfusion can be determined shortly after
the patient's admission. Ruger et al. suggested that the use of ROTEM and the rapid detection in vivo
changes in coagulation following trauma contribute to the timely administration of platelets, as there is a
good correlation between ROTEM, standard coagulation parametersand platelet count [16].In the group of
patients we analyzed, platelets were used in multiple therapeutic modalities, both as a sole therapy in
19.27% of patients and as a part of combined therapy with cryoprecipitate, DDAVP and TXA. The use of
1000 mg TXA in trauma patients is part of a protocol that has been shown to reduce the incidence of
intraoperative and postoperative hemorrhagic syndrome and was administered to 6.14% of our patients
as part of a therapy that included platelets, DDAVP and cryoprecipitate[17]. The use of DDAVP is indicated
in cases of reduced platelet activity and was administered to 20.11% of patients in combination with
platelets and to 6.14% of patients as part of a therapy including platelets, cryoprecipitate and TXA.
With the use of ROTEM, it was observed that FFP was the least used component. Prior to the
implementation of ROTEM, the protocols in place for trauma patients were based on the application of a
predetermined ratio of red blood cells, platelets, and FFP in a fixed 1:1:1 ratio. ROTEM allows for more
precise identification of coagulation disorders, leading to a more rational use of FFP. Traditional
laboratory tests, such as prothrombin time (PT) and activated partial thromboplastin time (aPTT)often do
not provide a full perspective of coagulation, which can result in the overuse of FFP [18]. The study by
Weber et al. showed that the use of ROTEM leads to a significant reduction in the use of FFP in cardiac
surgery, while individualized therapy with blood components leads to faster stopping of bleedingin
patients [19].
By analyzing ROTEM parameters in the studied patients, the substitution of appropriate blood
components or the application of hemostatic medicine was performed through targeted individual
therapy for the patient. In this way, ROTEM-guided transfusion therapy reduced the use of unnecessary
blood component transfusions and associated risks, with more efficiency in managing bleeding in the
patients.

CONCLUSION
The analysis of blood components used for therapeutic purposes guided by the rotational
thromboelastometry demonstrated a wide range of therapeutic modalities in patient treatment. This
testing method facilitates individualized therapy with blood components, subsequently diminishing the
necessity for transfusions, enabling betterdiagnostic precision, and reducing costs associated with long-
term patient management. Further studies and integration into standard clinical practices are warranted
to enhance its effectiveness in patient care optimization and coagulopathy management.
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