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ABSTRACT

Deep vein thrombosis of the lower extremities remains an important medical and social problem in practical medicine. Cur-
rently, a weight-dependent low-molecular-weight heparin dosing approach is used to treat deep vein thrombosis of the lower
extremities in wounded patients without regard to the state of the hemostasis system. This observational study included 30 pa-
tients with deep vein thrombosis of the lower extremities who were hospitalized for examination and treatment at the Kirov
Military Medical Academy. During treatment with enoxaparin sodium at therapeutic doses, depending on body weight, the pa-
rameters of the thrombodynamics test were assessed in all patients, and antiXa activity was determined at the peak of the drug
(after 3-4 h) and at the end (before the next injection) of its action. A strong inverse correlation was established between
the growth rate indicator of the thrombodynamics test clot and antiXa activity at the peak (-0.777; p < 0.05) and at the end
(-0.715; p < 0.05) of the action of sodium enoxaparin. The standard dose of anticoagulant drug, depending on body weight,
revealed that 30% of patients were in the hypercoagulation zone, not reaching the target values of the thrombodynamic clot
growth rate and anti-Xa activity. The thrombodynamics test results identified the growth rate of the test clot with antiXa activ-
ity, which allows both methods to be considered comparable for laboratory monitoring low-molecular-weight heparin therapy
in wounded individuals. The insufficient anticoagulant effect in one-third of the injured individuals that received the standard
and therapeutic doses of low-molecular-weight heparins requires the development of a personalized approach to titration of
low-molecular-weight heparins, which may be based not on the concentration of the drug per body weight but on the achieved
anticoagulant effect that optimizes the treatment outcomes and patient prognosis. Accordingly, further research is required.

Keywords: deep vein thrombosis; low molecular weight heparins; anti-Xa activity; thrombodynamics; clot growth rate;
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CpaBHeHue TecTa «TpOMbBOAMHAMUKa» C onpepeneHueM
aHTU-Xa aKTMBHOCTU B OLeHKe 3PeKTUBHOCTY
aHTUKOAryfsHTHOWU Tepanuu y paHeHbIX, CTpaAatoLmxX
TPOM603aMM rNy60KUX BEH HUXKHUX KOHEYHOCTEM
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AHHOTALMA

TpoM603 rnyboKUX BEH HUMHUX KOHEYHOCTEH [0 CUX NOp ABNSETCA BaXHON MeLMKO-COLMabHOM NpobieMoit NpaKTUYecKoi
MeaMUMHBI. B HacTosLee BpeMsa Ang neyeHus TpoM603a rnyboKMX BEH HUMHUX KOHEYHOCTEN Y PaHEHbIX UCMONb3YeTCs NoA-
XOA, Ha3HAYeHNs 403 HU3KOMOJIEKYNIAPHBIX renapuHOB B 3aBMCUMOCTM OT Macchl Tenia 6e3 yyeTa COCTOSHUA CUCTEMbI FeMo-
cTasa. [lpoBefieHo HabnopaTenbHoOe UccefoBaHWe, B KOTOPoe Bbino Brio4eHb! 30 paHeHbIX C YCTaHOBNEHHBIM TPOMBO30M
rny6oKUX BEH HUXHWX KOHEYHOCTEN, roCnUTanu3npoBaHHbIX Ans 0bcneaoBaHus 1 neyeHns B BoeHHo-MeaMLMHCKYO akage-
muto uM. C.M. Kuposa. Ha doHe neueHmns sHOKcanapuHOM HaTpus B Jie4eOHbIX 03aX B 3aBUCUMOCTM OT Macchl Tena Yy BCeX
MavLMeHTOB OLeHWBaNMChL NapaMeTpbl TecTa «TpoMOOAMHAMUKa», @ TaKKe MPOBOAUNIOCH OrpefieNeHne aHTU-Xa aKTUBHOCTH
Ha NuKe AeicTBUA npenapaTa (Yepes 3—4 u), M Ha ucxone (Nepes o4YepesHON MHBEKLMEN) ero AeicTBMA. YCTaHOBNEHa CUlb-
Has 0bpaTHas KoppensumMoHHas CBA3b MeXy MOKa3aTeNeM CKOPOCTM pOCTa CrycTKa Tecta «TpoMboanHaMuKa» W aHTU-Xa
aKTMBHOCTM Ha nuke (-0,777; p < 0,05) n Ha ucxope (-0,715; p < 0,05) nercTBMs 3HOKCanapuHa HaTpus. Mpy CTaHLAPTHOM Ha-
3HayYeHUM [103bl AHTUKOAryJIAHTHOrO Npenaparta B 3aBUCMMOCTW OT Macchl Tena BbifB/eHo, 4To 30 % nauMeHToB HaXoaMIUCH
B 30HE MMNepKoarynsaLuu, He JOCTUTHYB LIENeBbIX 3HAYEHMI CKOPOCTM PoCTa CrycTKa TecTa «TpoMBoauMHaMUKa» U aHTU-Xa
akTueHocT. [lo AaHHBIM UccnefoBaHUA OTMeYeHa TOXAECTBEHHOCTb pesyNbTaToB TecTa «TpoMboMHaMMUKa» No CKOpOCTM
pocTa CrycTKa Tecta C aHTU-Xa aKTMBHOCTBIO, YTO NM03BoMsAET 06e METOAMKY CYMTaThb COMOCTAaBUMBIMU MHCTPYMeHTaMu nabo-
paTopHOro MOHUTOPUHIA TePaNUM HU3KOMONEKYNIAPHBIX FenapuHoB Y paHeHbiX. HeloCTaTouHbIA aHTUKOAryNsHTHBIN 3QdeKT
Yy TPETU paHeHbIX NpU CTaHAAPTHOM NPUMEHEHUM HU3KOMOJEKYNAPHBIX renapuHoB B neyebHbIX Ao3ax TpebyeT paspaboTku
NepCcoHaNMU3NpOBaHHOI0 NOAX0Aa K TUTPaLMM HU3KOMOJIEKYNAPHBIX renapuHOB, KOTOPbIA MOXKET OCHOBbLIBATLCA HE HA KOH-
LLleHTpaLuMK npenaparta Ha Maccy Tena, a Ha JOCTUraeMoM aHTUKOarynsHTHOM 3ddeKTe, ONTUMU3MPYIOLLEM pe3yfbTar Tepa-
MW 1 NPOrHO3 MaLMEHTOB, 4TO TpebyeT AanbHEMLLMX NCCNEeA0BaHMA.

KnioueBble cnoBa: TpoMb03 rNy6OKUX BeH; HU3KOMOJIEKYNAPHbIE TenapuHbl; aHTU-Xa aKTUBHOCTb; TPOMBOAMHAMMKA; CKO-
POCTb POCTa CryCTKa; MOHUTOPUHI aHTUKOAryNIAHTHOW Tepanuy; paHeHble; NepCOHaNN3VUPOBaHHbINA NOAX0A,
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INTRODUCTION

Venous thromboembolic complications (VTEC) are
a significant clinical issue in trauma surgery. The incidence
of acute venous thrombosis in patients with polytrauma
can reach 35%-55% [1]. Additional risk factors for VTEC
development in wounded individuals include high levels of
psychoemotional stress, massive hemotransfusions, and
prolonged immobilization after combat trauma [2].

Low-molecular-weight heparins (LMWHs) are
commonly used for the prevention and treatment of VTEC.
The anticoagulant effect of LMWHs is mainly caused by
Xa inhibition. Therefore, plasma anti-Xa activity (AXA) is
the preferred method for monitoring the efficacy and safety
of therapy [3]. The technique is based on the laboratory
assessment of the ability of the patient’s plasma to inactivate
the factor Xa without additional antithrombin. However,
this test is not commonly used in clinical practice and is
generally of limited use in specialized medical institutions
[4]. In addition, this test only assesses the inhibition of
factor Xa and does not reflect the overall state of plasma
hemostasis under the anticoagulant effects of LMWHs.
To obtain a comprehensive evaluation of the hemostasis
system, integral tests such as thrombodynamics (TD),
thromboelastography (TEG), and thrombin generation
test (TGT) should be considered. These tests show great
promise. J. Sebaaly and K. Covert [5] found a significant
correlation among AXA, TEG, and TGT. The TD test is a global
integral test that evaluates both qualitative and quantitative
characteristics of the coagulation profile of the blood plasma
to identify the risks of bleeding and thrombosis [6]. The clot
growth rate, which is the average growth rate of the clot
calculated between 15 and 25 min after the beginning of
growth, is one of the primary parameters of the TD test [7].
Currently, information in the available literature regarding
the relationship between TD and AXA tests and the possibility
of comparing the effectiveness of the methods is insufficient.

Thus, this study aimed to compare the results of the TD
test with the determination of AXA activity in assessing
the effectiveness of anticoagulant therapy in wounded
patients with distal deep vein thrombosis (DVT) of the lower
extremities.

MATERIALS AND METHODS

A single-center prospective observational study was
conducted as part of the Optimization of Approaches to
Anticoagulant Therapy for the Prevention and Treatment
of Venous Thromboembolic Complications in the Wounded
(cipher: OPRAVA) project, which was funded by the Priority
2030 program. The study included 30 male participants
with combat trauma. The inclusion criteria were as follows:
men aged 18 and 59 years who have experienced combat
gunshot trauma and have undergone surgical intervention
without evidence of ongoing external or intracavitary bleeding
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and who have been diagnosed with distal DVT of the lower
extremities. The exclusion criteria were as follows: refusal to
participate in the study, thrombocytopenia, and presence of
concomitant pathologies, such as connective tissue diseases,
hematologic diseases, malignant neoplasms, severe liver
failure (Child — Pugh classes B and C), acute kidney injury,
and chronic kidney disease (stages IV-V).

This study examined and treated wounded patients
at the Kirov Military Medical Academy. For anticoagulant
therapy, patients received therapeutic doses of enoxaparin
sodium (enoxaparin) based on their body weight. The local
ethical committee of the Kirov Military Medical Academy
approved the study (Protocol No. 278, dated May 30, 2023),
and all patients provided voluntary informed consent to
participate.

A blood sample was taken by puncturing the ulnar
vein, and blood was collected in a vacuum tube containing
sodium citrate at 3.2% concentration. The first portion of
the blood collected was discarded. The plasma obtained
after centrifugation at 1600 g for 15 min was used to
determine AXA activity the chromogenic method using an
AST TOR 500 automatic coagulometer (Instrumentation
Laboratory Company, Italy). The results were expressed
in 1U/mL.

In the TD test, the prepared plasma was processed
according to the manufacturer’'s instructions. The clot
growth rate (V) was estimated using the original reagents
and the diagnostic laboratory system “Thrombodynamics
Registrator T-2" from Hemacor Limited Liability Company
(Russia). Laboratory studies were conducted at the Central
Clinical and Diagnostic Laboratory of the Kirov Military
Medical Academy and the Nikiforov All-Russian Center for
Emergency and Radiation Medicine at two time points: at
the peak (after 3—4 h) and end of the drug’s effect (day 7) of
anticoagulant therapy before the next injection.

Data were statistically processed using Statistica 10.0.
Quantitative characteristics are represented by the median
(Me) and quartiles [@25-@75]. Independent groups were
compared, differences were identified using the nonparametric
Mann — Whitney test, and the Spearman correlation analysis
method was used to investigate the relationship between
quantitative characteristics. A threshold value of statistical
significance was set at p < 0.05.

RESULTS AND DISCUSSION

The mean and interquartile range of V at the peak of
drug action were 8.9 [7.4; 11.0] um/min in patients receiving
therapeutic doses of LMWHs for distal DVT. However,
23 (77%) patients had results within the recommended
range of 7-14 um/min [6]. The results in 5 (17%) patients
were below these values, and 2 (6%) patients had values
above the recommended therapeutic window, which could
pose risks of hemorrhagic complications or thrombosis,
respectively.
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In the TD test, the recommended range of the index at
the peak of enoxaparin action, which is between 0.5 and
1.1 IU/mL [8], was reached in only 22 (73%) patients. In
6 (20%) patients, AXA values did not reach the lower
limit of the range, indicating possible insufficient efficacy
of the drug. In addition, the values in 2 (7%) patients
exceeded the therapeutic AXA range. An analysis was
conducted to determine the minimum daily anticoagulant
activity of enoxaparin and assess the risk of complications
during the minimal effect of the drug immediately before
the next injection [5]. At the end of the drug's action,
V was below the recommended range in 1 (3%) patient,
within the recommended range in 20 (67%), and in
the hypercoagulation zone in 9 (30%) patients.

Currently, no standardized criteria have been established
for determining the target AXA range at the end of enoxaparin
action. However, O.N. Startsev et al. [8] suggested that
the minimum value (before the next injection) for different
patient populations during therapy should be 0.3-0.6 IU/mL.
According to the OPRAVA study, AXA levels were within
the reference range in 11 (36.7%) patients at the end of
enoxaparin treatment. In addition, 14 (46.7%) patients had
AXA levels < 0.3 1U/mL, and 5 (16.7%) had levels > 0.6 IU/mL.

The comparative analysis of the results showed
statistically significant differences between the data obtained
at the peak and end of enoxaparin action (Table 1).

Correlation analysis showed a strong inverse correlation
between V in the TD and AXA tests both at the peak
(r=-0.777; p = < 0.05) and end (r = -0.715; p < 0.05) of
enoxaparin action, as shown in Figure 1.

In the next stage, the distribution of V in the TD and AXA
tests among patients with distal DVT of the lower extremities
who were treated with LMWHs was evaluated. At the peak
of anticoagulant therapy, the V and AXA parameters of
16 patients were within the recommended range, whereas
the ranges for ¥ and AXA were not reached in 5 and 7 patients,
respectively. In addition, two patients had values exceeding
the range for both V and AXA parameters (Fig 1.). In addition,
30% of the patients who received standard therapeutic doses
of anticoagulant therapy based on their body weight were
in the hypercoagulation zone according to V and did not
achieve the target values of AXA at the end of enoxaparin
action. A patient was in the hypocoagulation zone according
to the parameters of clot growth rate and AXA, and four
patients had AXA values exceeding the recommended range.

(1) 2024 Bulletin of the Russian Military Medical Academy

No clinically significant bleeding episodes were observed
during anticoagulant therapy.

Anticoagulant therapy is a recognized and highly
effective treatment option for venous thrombosis of
the lower extremities. Therefore, physicians of various
specialties must understand laboratory basics and monitor
anticoagulants, their safety, and risk factors for hemorrhagic
complications during their use [9]. A laboratory technique that
enables monitoring of anticoagulant therapy in real clinical
practice must be selected [10]. According to V.I. Petrov [11],
the optimal “therapeutic” range of coagulation, which ensures
maximum efficacy and safety of anticoagulant therapy,
may not be achieved when treating venous thrombosis
of the lower extremities if hypocoagulation is not actively
monitored and corrected (titration of the drug dose) based
on the obtained results.

Currently, many studies have demonstrated the benefits
of monitoring anticoagulant therapy using integrated
hemostasis assessment tests. According to Y.L. Ketsko
and 0.V. Tereshina [12], evaluating thromboelastometry
parameters over time aids in predicting the development of
pulmonary thrombosis, reducing complications, and lowering
the risk of mortality in patients with COVID-19. Lobanova
et al. (13) found that thromboelastography may be crucial
in identifying patients with COVID-19 who require active
anticoagulant therapy because of increased thrombosis
risk. Conversely, patients at low risk of thrombosis may not
require anticoagulant therapy. In the comparative monitoring
of TGT and AXA, P. Vermeiren et al. [14] concluded that TGT
has low sensitivity under low-dose LMWH therapy and can
only be considered an additional parameter of laboratory
monitoring.

AXA determination is considered the “gold standard” for
monitoring LMWHs. In patients diagnosed with VTEC, LMWH
dose adjustment under AXA control may be necessary for
pregnant women, individuals with very low (< 40 kg) or very
high (> 144 kg) body weight, and those with severe renal
dysfunction [15]. Meanwhile, a meta-analysis conducted by
the American Society of Hematology during the development
of relevant recommendations did not reveal any additional
benefits of the individualized selection of the LWMH dose
under AXA control in patients with obesity and severe
renal impairment [16]. In addition, A. Taylor et al. [17]
demonstrated that AXA monitoring was not beneficial
for VTEC prophylaxis in trauma cases. In the study of

Table. Results of determining the rate of clot growth and anti-Xa activity in wounded patients treated with enoxaparin
Tabnuua. Pe3ynbtaThl ONpeAeneHns CKOPOCTH POCTa CryCTKa W aHTU-Xa aKTUBHOCTU Y paHeHbIX Ha (OHe ieYeHnst IHOKCanapUHoM

. V, um/min AXA, IU/mL
Indicators
At the peak | At the end At the peak | At the end
Number of patients 8.9 [7.4; 11.0] 19.7 [14.2; 24.71* 0.7 [0.5; 0.9] 0.25[0.1; 0.43]*
Recommended range 7-14 13-23 0.5-1.1 0.3-0.6

Note: * — p < 0.05.
pumeqaHue: * — p < 0,05.
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VTEC prophylaxis strategies, W. Tingting, X. Xiaotong, and
Ch. Wenjun et al. [3] found that changing the LWMH dose
under AXA control resulted in a 56% reduction in the relative
risk of VTEC development. The minimum LWMH content at
the end of the drug's action was more informative than that
at the peak of its action. M. Trunfio et al. [18] demonstrated
the advantage of AXA monitoring when prescribing LWMHs to
patients with COVID-19. In this study, laboratory monitoring
values at the end of anticoagulant action were more effective
in assessing the efficacy of the therapeutic doses prescribed

DBOI: https://doi.org/10.17816/brmma568480

with LWMHs than at peak levels. In addition, we previously
[19] demonstrated that studying V in the TD test at the end
of drug action allowed for a comparative evaluation of
prophylactic anticoagulant therapy regimens.

More studies are warranted to resolve the contradictory
data regarding the monitoring of anticoagulant therapy,
particularly in special cohorts such as those with wounds.
The OPRAVA study used an integrated methodology to
evaluate the effectiveness of LWMHSs, including the TD test and
AXA determination, performed at the peak of anticoagulant
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action and at its residual content [20]. The study found that
the standard prescription of anticoagulant therapy only led to
achieving the target ranges of selected monitoring methods
in 70% of cases.

The study’s limitations include a small sample size and
short follow-up period and the absence of a control group of
patients who underwent elective surgery. These factors may
affect the accuracy of the results and conclusions.

CONCLUSIONS

The results of the TD tests and AXA determination correlate
with each other, allowing for an equally effective evaluation
of anticoagulant therapy with LWMHs. The TD test expands
the possibilities of laboratory diagnostics and improves
the monitoring of anticoagulant therapy, which may enhance
its effectiveness. This technique can be an alternative tool for
monitoring anticoagulant therapy with LWMHs in wounded
patients because V yields results comparable with those of
the AXA test. Because one-third of the wounded patients had
V and AXA values not within the recommended range after
the administration of the standard dose of enoxaparin based
on body weight, the prescription of anticoagulant therapy
must be personalized. The personalization of therapeutic
techniques in wounded patients suffering from distal DVT of
the lower extremities can be considered a promising approach
to optimize the results of therapy and patient prognosis. This
approach is based on achieving the anticoagulant effect
rather than the drug concentration per body weight. Further
research is required to support this claim.
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A0NOSIHATESIbHAS! UHOOPMALIUA
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TUCTMYeCKas obpaboTka MaTepuana.

KoHtbnukT nHTepecoB. ABTOpLI AEKNApUPYIOT OTCYTCTBUE
ABHbIX M MOTEHLMANBHBIX KOHDIIMKTOB MHTEPECOB, CBA3AHHBIX
C NybnvKaLmen HacTosILLEN CTaTbK.

WUcTouHMK dumHaHcMpoBaHmua. ABTOpHI 3afBAAOT 06 0T-
CYTCTBMM BHELUHEro GMHaHCMPOBAHMS MpW NPOBEAEHUMN WC-
CrefoBaHvA.
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