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Abstract

The aim. Treatment of venous thromboembolism continues to be one of the most controversial problems of
modern angiology. This issue is especially relevant in the treatment of patients with traumatological pathology.
Methods. Treatment of 1915 patients with fractures of lower extremities from 2017 to 2022 at the Vinnytsia
Regional Pyrohov Clinical Hospital was analyzed. During the study period, 727 (38%) deep vein thromboses were
diagnosed.

Results. During the study period, 4 (0.2%) pulmonary embolisms were diagnosed, among which 3 (0.15%) were
fatal.

In 99.5% of patients with venous thrombosis and injuries, it was possible to achieve clinical improvement and
regression of the thrombotic process.

Conclusions. Treatment tactics for trauma patients with venous thromboembolism should be individualized and
take into account the severity and localization of the injury, the need and urgency of trauma surgery, the risk of
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pulmonary embolism.
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Introduction. To date, the treatment of venous throm-
boembolism (VTE) continues to be a serious problem. The
active development of modern technologies does not al-
low this problem to be fully resolved. In the USA, more
than 500 000 VTE-related deaths are registered annual-
ly, and healthcare costs associated with VTE account for
7-10 billion USD each year [1].

If we talk about trauma patients, the statistics of the
problem are more impressive. Patients with fractures have
2.8 times higher risk of VTE. The risk of VTE hospitaliza-
tion was 4.2-fold greater in the time period when immobil-
ity occurred [2]. Results of previous studies suggest that
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patients with a hip fracture have considerably high preva-
lence of preoperative VTE ranging from 9% to 12.7% [3].
Despite the use of modern approaches and technologies
for the prevention and treatment of VTE, the level of
thromboembolic complications remains high [4, 5, 6].

Materials and methods. The treatment of 1915 pa-
tients with fractures of lower extremities at the Vinnytsia
Regional Pyrohov Clinical Hospital from 2017 to 2022
was analyzed. There were 650 (33.9%) patients with
hip fracture, 800 (41.8%) with tibial fracture, 45 (2.3%)
with vertebral fracture, 120 (6.2%) with pelvic fracture,
300 (15.6%) with humerus fracture. VTE was diagnosed
in 727 (38%) patients. There were 1014 (53%) women,
936 (47%) men. The age of the patients ranged from 18
to 90 years.
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During the study period, 727 (38%) deep vein throm-
boses (DVTs) were diagnosed. Among them, venous
thrombosis was detected in 348 (48%) patients with hip
fractures, in 297 (41%) patients with tibial fractures, in
74 patients (10%) with pelvis fractures, in 3 (0.41%) pa-
tients with humerus fracture, and in 5 (0.68%) patients
with spine fracture (Table 1). Floating thrombosis was di-
agnosed in 35 patients (4.8%) with DVT.

To prevent thromboembolic complications, temporary
cava filters were implanted in 8 (0.4%) patients, and in
one case a permanent cava filter was implanted.

For the diagnosis of VTE, clinical examination with an
assessment of the patient’s condition based on the Wells
score was used. Duplex scanning of the veins of the lower
extremities was used for instrumental diagnosis of all pa-
tients with injuries who came to the clinic since 2019.

This method of diagnosis is non-invasive, allows di-
agnosing thrombotic masses in asymptomatic patients
who do not have clinical manifestations. Duplex scan-
ning makes it possible to determine the localization of the
thrombotic process, the extent of occlusion, the presence
of flotation, the echogenicity of thrombotic masses, which
can indirectly characterize the time that has passed since
the start of thrombotic process.

All the trauma patients underwent standard prophy-
laxis of thromboembolic complications using anticoagu-
lant therapy and elastic compression according to the
TESS score [7]. Patients diagnosed with DVT were treated
with therapeutic doses of anticoagulants (enoxaparin and
rivaroxaban). In the absence of emergency and urgent
indications, conservative treatment was carried out for
a month with subsequent control and, in the absence of
negative dynamics, surgical intervention.

If urgent surgical intervention was needed in the case
of traumatological pathology and venous thrombosis,
treatment tactics were developed, based on the fact that
the risk of thromboembolic complications in this catego-
ry of patients is as high as possible, since the thrombotic
masses are fresh, which can lead to their migration in the

Table 1

Distribution of patients according to clinical and ultrasound
examindation methods

Location Number of pa- Number of patients with

of frac- tients (% of the  venous thrombosis (% of the

tures total number of  total number of patients with
patients) venous thrombosis)

Hip 650 (33.9%) 348 (48%)

Tibia 800 (41.8%) 297 (41%)

Spine 45 (2.3%) 5 (0.68%)

Pelvis 120 (6.2%) 74 (10%)

Humerus 300 (15.6%) 3 (0.41%)

Total 1915 (100%) 727 (100%)

proximal direction and progression of thrombosis during
surgery.

The situation was complicated by the fact that thera-
peutic doses of anticoagulants were inappropriate in this
situation, since they significantly increase the risk of intra-
operative bleeding. Thus, we used temporary cava filters
for the prevention of thromboembolic complications in
this category of patients.

In the presence of floating thrombosis of deep veins
in trauma patients, anticoagulant therapy was prescribed
with subsequent follow-up. In the case of regression of flo-
tation, treatment was carried out with the use of therapeu-
tic doses of anticoagulants and, if necessary, subsequent
elective surgical intervention. When maintaining flotation,
depending on the risk of thromboembolic complications,
the question of thrombectomy or implantation of a cava
filter was considered.

In case of the need for emergency surgical intervention
due to traumatological pathology and the presence of a
floating part of the thrombus, the issue of implantation of
a cava filter was considered.

Results and discussion. In our study, cava filters were
implanted in 9 patients who were admitted to the trauma
department with injuries and indications for urgent surgi-
cal interventions and in whom DVT was diagnosed during
the preoperative examination using duplex scanning of the
veins of the lower extremities. All these patients under-
went emergency surgical interventions due to the injury.
It should be noted that, in 6 cases these patients had con-
traindications for anticoagulant therapy.

Two patients had bleeding gastric ulcer. These patients
were scheduled to undergo hip replacement, which car-
ried a high risk of intra- and postoperative bleeding due
to the trauma of the surgical intervention. Thus, implanta-
tion of a temporary cava filter allowed surgical interven-
tion without the risk of bleeding and eliminated the risk
of thromboembolic complications, taking into account the
presence of DVT of the proximal segment in these patients.

In 3 cases, temporary cava filters were implanted in
patients with floating DVT and indications for trauma
surgery. Anticoagulant therapy was prescribed and the
patients were followed-up. If the floating nature of the
thrombosis was maintained and it was impossible to post-
pone the traumatic surgical intervention, the patients un-
derwent implantation of a cava filter with its subsequent
removal after the surgical intervention.

The absence of thromboembolic complications and
massive bleeding in this group of patients showed suffi-
cient effectiveness of such tactics.

During the study period, 4 (0.2%) pulmonary embo-
lisms were diagnosed, among which 3 (0.15%) were fatal.
All the patients who developed complications in the form
of pulmonary embolism (PE) had asymptomatic venous
thrombosis, duplex scanning of veins was not performed,
the diagnosis was confirmed by autopsy data.
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In 99.5% of patients with venous thrombosis and inju-
ries, it was possible to achieve clinical improvement and
regression of the thrombotic process.

The problem of VTE in trauma patients attracts the at-
tention of specialists all over the world. Most of the works
are devoted to the prevention of venous thromboem-
bolic complications [8, 9]. If we talk about treatment, the
amount of data is limited. During an injury, all components
of Virchow’s triad appear in patients, and this quite often
leads to the formation of thrombotic masses in the lumen
of the deep veins of the lower extremities. Preoperative
DVT in trauma patients is known to occur in as high as 9%
to 62% of patients receiving prophylaxis [10, 11].

Clinical data are used for diagnosis, for which purpose
the Wells score was introduced into clinical practice, which
allows determining the probability of venous thrombo-
sis [12]. According to this scale, almost all trauma patients
have high probability of venous thrombosis. Duplex scan-
ning is widely used for instrumental confirmation of the
diagnosis [13]. For the diagnosis of proximal DVT, duplex
ultrasonography provides a sensitivity of 94-97% and a
specificity of 98%. Ultrasonography has a positive predic-
tive value of 100% and a negative predictive value of 100%
for symptomatic DVT [14, 15].

Considering the high clinical probability of venous
thrombosis in trauma patients, in our opinion, it is neces-
sary to visualize the patency of the deep venous system in
all trauma patients. According to European Society for Vas-
cular Surgery guidelines for patients with suspected DVT
requiring imaging, ultrasound is recommended as the first
modality (IC class) [13]. Some authors talk about the expe-
diency of using spiral computed tomography venography in
trauma patients [9]. In our opinion, computed tomography
venography has a high cost, while the sensitivity and speci-
ficity of the method is almost equal to those of duplex scan-
ning. Thus, in our clinic, we use duplex scanning in all trau-
ma patients to rule out venous thrombotic complications.

This is how we can explain the rather large percentage
of venous thrombosis in our trauma patients. The expedi-
ency of total screening of hospitalized patients is shown
by the fact that deaths related to VTE in our observation
group were observed at the beginning of the study, when
total screening was not performed. The patients had
asymptomatic DVT, they underwent surgical intervention
with the use of prophylactic doses of anticoagulants, which
is insufficient in DVT.

This led to the progression of venous thrombosis, mi-
gration of thrombotic masses in the proximal direction
and the occurrence of fatal PE in the intra- and postopera-
tive period. After total screening of patients and detection
of symptomatic and asymptomatic DVT, followed by de-
velopment of the necessary treatment tactics, not a single
case of fatal PE was noted.

Regarding treatment tactics, the study by Erkens et al.,
2010, proved the advantage of using low molecular weight

heparin (LMWH) over unfractionated heparin in the treat-
ment of patients with venous thrombosis. Thrombotic
complications were detected in 3.6% of patients receiving
LMWH, while in the unfractionated heparin group it was
6.3%. Also, the use of LMWH demonstrated lower risk of
bleeding (1% and 2.1%, respectively) [16].

In the EINSTEIN-DVT and EINSTEIN-PE study, the re-
sults of treatment of 8282 patients with VTE were ana-
lyzed. The use of rivaroxaban at a dose of 15 mg twice a
day for 21 days with a subsequent transition to 20 mg and
enoxaparin at a dose of 1 mg/kg twice a day with a sub-
sequent transition to vitamin K antagonist was compared.
Efficacy was slightly greater in rivaroxaban (2.1% VTE
recurrence compared to 2.3% in the enoxaparin group),
while the rate of bleeding was significantly lower in the
rivaroxaban group (1% and 1.7%, respectively) [17].

Thus, the EINSTEIN randomized trial demonstrated the
efficacy and safety of rivaroxaban for the treatment of VTE.
Thus, for the treatment of trauma patients with VTE, we
used anticoagulant therapy using LMWH and rivaroxaban.

The problem of treatment of venous thrombosis in
trauma patients is that a significant percentage of patients
require surgical treatment of trauma pathology, which
significantly increases the risk of complications during
surgical treatment of existing venous thrombosis. Most
treatment guidelines suggest medical assessment of hip
fracture patients and immediate surgical intervention,
and recommend early surgical treatment within the first
48 hours after admission [18, 19]. In the literature, we
found only separate reports devoted to this issue [8]. Thus,
the problem lies in the formation of a treatment strategy
taking into account the need for traumatological treatment
and the risks of thromboembolic complications.

In our opinion, the risk of thromboembolic complica-
tions during the treatment of venous thrombosis is in-
creased for 21 days when clot retraction processes occur.
This explains why, in the EINSTEIN study, increased doses
of rivaroxaban 15 mg twice a day in the treatment of VTE
were used for 21 days with a subsequent dose reduction
to 20 mg a day.

Thus, in the presence of indications for surgical treat-
ment in trauma patients with venous thrombosis, we
treated venous thrombosis with therapeutic doses of LM-
WH for 21 days, followed by trauma surgery with a reduc-
tion in the dose of anticoagulants to prevent intraopera-
tive bleeding.

The use of cava filters for the prevention of extran-
odal thromboembolic complications has been studied in
a recent randomized, open-label, blinded end-point tri-
al (PREPIC 2, Prevention of Recurrent Pulmonary Embo-
lism by Vena Cava Interruption) [20]. A 6-month follow-up
study in 17 French centers investigated 200 acute PE pa-
tients with a combination of anticoagulation therapy and
retrievable inferior vena cava filters and 199 patients with
the use of anticoagulants alone. In the cava filter group, the
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filter was successfully inserted in 193 patients and was
retrieved as planned in 153 of the 164 patients in whom
retrieval was done at 3 months. By 3 months, recurrent
PE occurred in 6 (3.0%) patients in the cava filter group
and in 3 (1.5%) patients in the group with anticoagulation
alone. Among the 193 patients in the cava filter group, ac-
cess site hematoma occurred in 5 (2.6%), filter thrombosis
in 3 (1.6%) and retrieval failure due to mechanical reasons
in 11 (5.7%) patients.

Thus, most guidelines do not recommend routine
use of cava filters for VTE. However, the level of evi-
dence is quite low: Grade 3B according to the guidelines
of the European Society for Vascular Surgery (ESVS) as
well as those of the American College of Chest Physi-
cians (ACCP). ACCP also recommends against using
cava filters for VTE prevention in orthopedic surgery
patients (Grade 2C) [13, 8]. In the European Society of
Cardiology guidelines for the diagnosis and treatment of
PE, this is the IIIA level of evidence [21]. The recommen-
dations of the Western Trauma Association mention the
use of cava filters in case of contraindications to antico-
agulation in trauma patients [22].

The European Society of Cardiology guidelines for the
diagnosis and treatment of PE show feasibility of using cava
filters in case of contraindications to anticoagulation or in-
effectiveness of anticoagulant therapy with the I1aC level of
evidence [21]. Thus, we can state that, despite objections to
the routine use of cava filters in some cases, modern recom-
mendations allow the use of cava filters, especially in trau-
ma patients. Attention should also be paid to the rather low
level of evidence for recommendations on this issue, which
allows specialists to make a final decision based on their
own experience and a specific clinical situation.

At the same time, there are no recommendations in sit-
uations regarding the presence of VTE in trauma patients
before surgical intervention due to trauma. This issue is
raised only in individual works. Researchers talk about the
expediency of preoperative screening of trauma patients
for VTE, as the presence of venous thrombosis during hip
fracture surgery can lead to fatal PE.

It is recommended to implant temporary cava filters
in a limited number of patients with DVT before the need
for urgent surgical intervention due to trauma, when phar-
macological prophylaxis is not possible. The possibility of
using more aggressive methods of removing thrombotic
masses is also indicated [3].

We believe that indications for implantation of cava
filters in trauma patients with DVT may be contraindica-
tions to anticoagulant therapy, the need for urgent surgical
intervention due to trauma pathology, and impossibility of
prescribing adequate doses of anticoagulants or the pres-
ence of floating thrombosis.

The absence of thromboembolic complications and
massive bleeding in this category of patients showed suf-
ficient effectiveness of such treatment tactics.

Conclusion. Thus, the conducted research made it pos-
sible to form the following conclusions:

Treatment tactics for trauma patients with VTE should
be individualized and take into account the severity and
localization of the injury, the need and urgency of trauma
surgery, the massiveness and nature of the damage to the
venous system, the risk of PE, concomitant pathology.

Itis necessary to carry out total screening using duplex
scanning of the veins of the lower extremities in trauma
patients if surgical intervention is necessary.

Anticoagulant therapy with therapeutic doses for one
month in the presence of DVT allows to maximally reduce
the risk of thromboembolic complications in the subse-
quent traumatic surgical intervention.

Implantation of a temporary cava filter in a limited
number of patients with DVT and absolute contraindica-
tions to anticoagulant therapy and floating thrombosis al-
lows to carry out traumatological surgical interventions
under urgent indications and in cases when postponing
surgical intervention due to traumatic pathology is not
possible.
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Pesome

Bceryn. JlikyBaHHS BEHO3HOTO TPOM60eM60J1i3My NPOJOBKYE 3aJUIIATUCS OJHIE0 3 HAW6IIbII JUCKYCIHHUX NpO-
6s1eM cydacHoi aHriosiorii. 0CO6JIMBO aKTyaJIbHUM lie TUTAHHSA MOCTA€E NPH JIiKyBaHHI NMaI[iEHTIB 3 TPAaBMATOJIOTiYHOIO
MaTOoJIOTI€E.

MeTogu. [IpoanasnizoBaHo JiikyBaHHs 1915 XBopuX 3 nepesioMaMu HUXKHIX KiHIiBOk 3 2017 mo 2022 pik y BiHHUIb-
Kilt 06J1acHi¥ kJiHiuHI# gikapHi iM. M. L. [luporosa. 3a nepiog focaimxkeHHs 6yso giarHocroBaHo 727 (38 %) Tpom603iB
IJINOOKHX BEH.

PesynbraTu. 3a nepioz gocaimkeHHs giarnocrosaHo 4 (0,2 %) Bunaaku TpoM6oeM6o0ii sereHeBoi apTepii, cepen
sakux 3 (0,15 %) sieTasbHi.

¥ 99,5 % nanieHTiB 3 BEHO3HUM TPOMGO30M i TpaBMaMHU BJAJI0Cs JOCATTH KJAiHIYHOrO NoJliNiieHHs i perpecy TpoM-
6O0TUYHOI'0 IPOLLECY.

BucHoBKHU. TakTHKa JIIKyBaHHS TPaBMaTOJIOTIYHUX XBOPHUX 3 BEHO3HHUM TPoM60eM60J1i3MOM Ma€e GyTH iHAMBIiIY-
aJIbHOIO0 Ta BPaxOBYBATH TSKKICTB 1 JIoKa/i3allilo YIIKOAXKeHHS, HeOOXiJHICTb | TepMiHOBICTh TpaBMaTOJIOrIYHOIO Xi-
pyprigyHOro BTpy4aHHs, pU3UK TpoMb6oeMbouii 1ereHeBoi apTepii.

Kawouoei cnoea: mpom6o3u enub0Kux 6eH, mpomboemb6o.isi AezeHesoi apmepii, kaga-@pisompu.
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