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ULTRASOUND THROMBOELASTAGRAPHY FOR THE CHOICE
OF TREATMENT OF PATIENTS WITH POSTOPERATIVE VENOUS
THROMBOSIS

S.Ya. Kostiv, *D.V. Khvalyboha, I.K. Venher, O.1. Zarudna, O.I. Kostiv
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The frequency of venous thromboembolic complications in surgery practice is rather
high. In many cases, it is the cause of a fatal pulmonary embolism. One of the actual tasks of ultrasonic
diagnostics of acute venous thrombosis is the visual assessment of the substrate of the disease because
it determines angiosurgical tactics and surgical prophylaxis of pulmonary embolism.

The objective was to prevent the development of pulmonary embolism in patients with
postoperative venous thrombosis of the inferior vena cava system.

Methods. Vena cava system investigation and the determination of the sonoelastographic
properties of the venous thrombus were carried out with the Siemens Acuson S2000 ultrasound system.
The localization and prevalence of the thrombotic process were established. At the end of the topical
diagnosis of a venous thrombus, the sonoelastographic properties of the thrombus were studied by
determining the speed of propagation of the acoustic wave.

Results. The work is based on the results of examination and surgical treatment of 729 patients,
of which 205 (28.12%) had operative interventions on the musculoskeletal system, 378 (51.85%) - on
the abdominal organs, 146 (20.01%) - reconstructive surgery on the aorta and the main arteries of
the lower extremities.

Conclusions. Embolodengerous thrombi are those venous thrombi of the inferior vena cava
system which at ultrasonoelastography of the proximal segments of the venous thrombus are
characterized by the acoustic wave propagation velocity within 2.5-2.8 m/s. The detection of embolic
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venous thrombosis is an indication for surgical methods prevention of pulmonary embolism.
KEY WORDS: pulmonary embolism; postoperative deep vein thrombosis; inferior vena

cava.

Introduction.

The frequency of venous thromboembolic
complications ranges from 10 to 40% in patients
with a surgical profile [1]. Postoperative venous
thrombosis in 5-10% is the cause of fatal pul-
monary embolism (PE) [2, 3]. One of the actual
tasks of ultrasonic diagnostics of acute venous
thrombosis (AVT) is a visual assessment of the
substrate of the disease since the results obtai-
ned determine angiosurgical tactics of treat-
ment and method of surgical prophylaxis of PE
if it is necessary [4].

The risk of developing lower extremity deep
vein thrombosis and pulmonary artery throm-
boembolism is higher in patients with surgical
diseases. However, more than half of intra-hos-
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pital fatal episodes of pulmonary artery throm-
boembolism are recorded in patients with a
nonsurgical profile. According to the Fra-
mingham study, pulmonary embolism accounts
for 15.6% of all in-hospital mortality, with
surgical patients accounting for 18% and 82%
of patients with therapeutic pathology. Long-
term mobility limitation of neurologic patients,
inoperable cancer and hematologic diseases,
complex pathology in elderly patients, and
other risk factors are no less threatening predic-
tors of venous thromboembolism than surgery.

Along with this, ultrasound examination in
patients with suspected AVT can establish a
correct diagnosis only in case of typical mani-
festations of the disease, while the frequency
of diagnostic errors reaches 50% [5]. In several
cases, fatal PE after the ultrasound in patients
with postoperative AVT in the basin of inferior
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vena cava (IVC) [6], which encourages the
search for more effective methods of diagnosis
of embologenic venous thrombosis.

The objective of the study is to prevent the
development of PEin patients with postoperative
venous thrombosis of the inferior vena cava
system.

Methods

The investigation of the IVC system and the
determination of the sonoelastographic pro-
perties of the venous thrombus were carried
out with the Siemens Acuson S2000 ultrasound
system (Germany).

In the ultrasound examination of IVC sys-
tem, localization and prevalence of the throm-
botic process were established. At the end of
the topical diagnosis of a venous thrombus, the
sonoelastographic properties of the thrombus
were studied by determining the speed of
propagation of the acoustic wave.

At a speed of acoustic wave propagation in
the range 2.5-2.6 m/s there is a high risk of em-
bolism, while at a speed of propagation of an
acoustic wave within 2.7-2.9 m/s there is a mo-
derate risk of embolism, and at the acoustic wave
propagation of 3.0 m/s and higher, the patient
does not experience any risk of embolism.

All participants signed written informed
consent. The trial was approved by the Ethical
Committee of I. Horbachevsky Ternopil National
Medical University.

Results

The work is based on the results of exami-
nation and surgical treatment of 729 patients,
of which 205 (28.12%) had operative inter-
ventions on the musculoskeletal system, 378
(51.85%) - on the abdominal organs, 146
(20.01%) - reconstructive surgery on the aorta
and the main arteries of the lower extremities.

According to the J. Caprini (2012) scale, 316
(43.35%) patients had a very high risk of deve-
loping thromboembolic complications, and 413
(56.64%) - a high risk. Thromboprophylaxis to
patients was carried out in accordance with the
provisions of the ACCP (2016).

Postoperative thrombosis in the IVC system
was diagnosed in 118 (16.19%) cases. The
thrombotic process in the deep vein system was
diagnosed in 106 (88.89%), and varicothrom-
bophlebitis - in 12 (10,17%) observations.

In 4 (3.77%) patients the thrombotic process
in the deep veins was diagnosed at the end of
the second day of the postoperative period. In
22 (20.76%) patients thrombotic process was

recorded on the 3 day after surgery, in 36
(33.96%) patients - on the 4t day, in 29 (27.36%)
observations - on the 5" day, 15 (14,15%)
patients - on the 6-7t day of the postoperative
period.

Postoperative varicothrombophlebitis in
4 cases was diagnosed on day 4 after surgery,
in 7 cases -on day 5andin 1 case - on day 6 of
the postoperative period.

Atthe ultrasonoelastography of the flotation
segment of theileum-femoral venous thrombus,
the acoustic wave propagation velocity was
2.5-2.6 m/s (1 observation), the flotation seg-
ment of the common femoral vein was 2.5-
2.6 m/s (4 observations). The proximal segment
of 2.6 t0 2.9 cmin length of the femoropopliteal
venous thrombus was characterized by the
acoustic wave propagation velocity at the level
of 2.7-2.8 m/s (3 out of 45 observations).

Thrombosis of soleus and fibular sinuses
with continuation into the popliteal vein was
characterized by a velocity of acoustic wave
propagation of 2.5-2.6 m/s (2 observations).
The proximal segment with a length of 1.2-
1.5 cm of the tibia-popliteal thrombus was cha-
racterized by a velocity of acoustic wave propa-
gation within the limits of 2.7-2.8 m/s (2 out of
49 observations).

Embolic forms of postoperative deep vein
thrombosis in IVC system were diagnosed on
the 3 (2 observations), 4t (7 cases) and 5%
(3 observations) postoperative days.

Embolic dangerous postoperative thrombi
of the deep veins of IVC system in 7 cases were
found in patients after surgical interventions
on the musculoskeletal system, in 4 cases - after
surgery on the abdominal organsandin 1 case -
after reconstructive surgery on the aorta and
the main arteries of the lower limbs.

In 7 cases at ultrasonoelastography of the
postoperative venous thrombus of deep vein,
the propagation velocity of the acoustic wave
was 2.5-2.6 m/s, which indicated a high risk of
embolism of the thrombus.

In 5 cases at ultrasonogastography of a
venous thrombus, the acoustic wave propa-
gation velocity was 2.7-2.8 m/s, a moderate risk
of embolism of the thrombus.Inall 12 (11.32%)
cases of embolic forms of deep vein thrombosis,
with the aim of preventing PE, urgent surgical
procedures were performed.

In one of 12 cases of postoperative varico-
thrombophlebitis on the 4th day after surgery,
the proximal segment of the thrombotic pro-
cess was localized at the level of the sapheno-
femoral anastomosis. The propagation velocity

SURGICAL DISEASES

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 2

S.Ya. Kostiv et al.

vl

7



SURGICAL DISEASES

of the acoustic wave of this segment of phle-
bothrombosis ranged from 2.7 to 2.8 m/s. Ope-
rative intervention in the form of a crossectomy
and short stripping of a large saphenous vein
was performed.

105 patients with postoperative venous
thrombosis were prescribed anticoagulant
therapy with low molecular weight heparins.

Discussion

316 (43.35%) patients underwent surgical
treatment, according to the J. Caprini scale
these patients had a very high risk of developing
thromboembolic complications, 413 (56.65%)
patients had a high risk of developing throm-
boembolic complications. Thromboprophylaxis
at surgical interventions was carried out in
accordance with the provisions of the ACCP [7].
In 118 (16.19%) cases, the development of pos-
toperative venous thrombosis was established.
Studies by several authors [8,9] state that,
despite all the efforts of thromboprophylaxis
measures, postoperative venous thrombosis in
5-10% is a source of PE that is fatal in 0,3-3,7%
[10].

One of the actual tasks of ultrasound
diagnosis at acute venous thrombosis is a visual
assessment of the substrate of the disease.
During the ultrasound examination, localization,
the prevalence of the thrombotic process, and
the shape of the apex of thrombotic masses
were established [11]. The greatest danger in
the development of PE is caused by two types
of embolic venous thrombi: segmental floating
and widespread occlusive thrombi with a
floating tip. When they are detected, indications
for the operative treatment of AVT become
obligatory [12].

Ultrasound examination in patients with
suspected AVT allows the diagnostics primarily
at typical manifestations of the disease [10, 11].
Diagnostic errors may occur in the presence of
fresh thrombotic masses that are not fixed to
the venous wall, when the thrombotic process
spreads from the veins of the tibia to the
popliteal vein, with the dissemination of the
thrombotic process from the soleus and
peroneal sinuses into the popliteal vein.

These examples of the thrombotic process
in the venous system are dangerous in terms
of the development of venous thromboembolic
complications [8; 12]. To establish the embolism
of thrombus, a technique of determining the
density of thrombotic masses is used [7]. The
method does not allow to reliably estimate the
results of the study since in addition to venous

thrombosis the surrounding tissues are placed
in the research interest zone.

A more objective and reliable method of
diagnosing an embolic thrombus is the techni-
que for determining the speed of propagation
of an acoustic wave in a thrombotic mass by the
sonoelastography system Siemens Acuson S2000
(Germany). At a speed of acoustic wave propa-
gation in the range 2.5-2.6 m/s there is a high
risk of embolism, at a speed within 2.7-2.9 m/s -
moderate risk of embolism, at a speed of 3.0 m/s
and higher there is no threat of embolism.

In 7 cases, the acoustic wave propagation
velocity was established at a level of 2.5-2.6 m/s,
which indicated a high risk of embolism. In 5
cases, it was determined that the acoustic wave
propagation velocity was 2.7-2.8 m/s - moderate
risk of embolism of the thrombus.

Inall 12 (11.32%) cases of embolic forms of
postoperative venous thrombosis, with the aim
of preventing PE, urgent surgical procedures
were performed in order to prevent PE.

Asonoelastographic method of determining
the embolism of postoperative venous throm-
bosis was used, and when it was established,
urgent surgical procedures were performed. It
was possible to prevent the development of PE
after surgical treatment in 729 patients with a
very high (43.35 %) and high (56.64 %) risk of
developing tromoboembolic complications.

Conclusions

Pulmonary embolism is one of the most
common causes of death from cardiovascular
disease. Clinical assessment using ultrasono-
elastography helps to identify patients with
clinical probability of venous thromboembolism.
The results of our research demonstrated that
embolodengerous thrombi of the proximal
segments of the venous thrombus are charac-
terized by the acoustic wave propagation velo-
city within 2.5-2.8 m/s. The detection of embolic
venous thrombosis is an indication for conduc-
ting surgical methods for the prevention of
pulmonary embolism.
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VIBTPA3BYKOBA TPOMBOEJIACTOI'PA®IA Y BUBOPI IIKYBAHHA XBOPUX
3 INICJIAOIIEPAIIIMHHUM BEHO3SHHUM TPOMBO30OM

B C. A. KoctiB, /1. B. XBanué6ora, I. K. Benrep, O. I. 3apyaHa, O. I. KocTiB
TEPHOMI/IbCbKNW HALIOHAJIbHUN MEANYHWN YHIBEPCUTET IMEHI I. 5. TOPBAYEBCbKOIO MO3 YKPAIHW

Bctyn. Yacmoma 8eHo3HUX mpomboemMb60iYHUX yCKAAOHeHb 8 XipypaiyHili npakmuyi docums sucoka. Y
602a0mb0X 8UNAOKAX Y€ NPUYUHA 1emasibHOi mpomboemboii neceHegoi apmepii. OOHUM 3 OKMYaNbHUX 30800Hb
Y/A1bmpa3eyko8oi dia2HOCMUKU 20CMpP0o20 8eHO3HO020 MPOMBO3Y € 8i3ya1bHA OYiHKA Cy6CMpPamy 30X80PHOBAHHS,
OCKiNIbKU 8iH BU3HOYQAE AH2i0XipypaivHy MaKmuKy ma xipypaidHy npoginakmuky mpomb6oem6oii nezeHs.

MeTolo gocnigy>keHHs 6ys10 3anobizmu po3sumky mpomboemboii nezeHegoi apmepii y nayieHmis i3
nicagonepayiliHuM 8eHO3HUM MPOMBO30M CUCMEMU HUXCHbOI NOPOXCHUCMOI 8eHU.

MeToau aocnigpkeHHsA. JoioxeHHa cucmemu NOPOXHUCMOI 8eHU MQA BU3HAYEHHS COHOeAacmozpadiyHuX
enacmueocmeli 8eH03H020 MpPoMbY npogoduau 3a AONOMO20K0 YA6MPA38YKOBOI cucmemu Siemens Acuson
5$2000. BcmaHo8e/1eHOo /0KAAI3ayito ma nowupeHicms mpomMbomu4Ho20 npoyecy. HanpukiHyi akmyansHo20
0ia2HO3y 8eHO3H020 MPOMbY 8UBYAU COHOENACMO2padiYHi 810CMUBOCMI MPOMbY WAAXOM 8U3HAYEHHSA
wieudKkoCcmi NOWUpPeHHs aKyCmu4YHoI Xeui.

Pe3ynbTaTn i 06roBOpPEeHHA. PO60Ma 30CHOBAHA HA Pe3yNbmamax 06CmexeHHs ma XipypaiyHo20
Niky8aHHA 729 nayieHmis, 3 Hux 205 (28,12%) onepamusHux empy4aHs Ha ONOPHO-pyxoeomy anapami, 378
(51,85%) - Ha op2aHax YepeaHoi NoPOXHUHU, 146 (20,01%) - peKoOHCMpYKMUBHA Xipyp2isd HO aopmi ma 0CHOBHUX
apmepisix HUXHIX KiHYI8OK.

BUCHOBKW. EM60/10Hebe3neyHi mpoMbU - e 8eHO3Hi mpomMbu cucmemMu HUXCHbOI NOPOXCHUCMOI 8eHU, AKI
npu yaempacoHoenacmozpadii NPoKCUMANbHUX Ce2MeHmie 8eHO3H020 MPOMbY XapaKmMepu3yromeca WeUoKiCmio
nowupeHHs akycmu4Hoi xeuni 8 mexcax 2,5-2,8 m / c. BuaesneHHs eM60ai4H020 8€HO3H020 MpPOoM6bO3y €
NOKA3AaHHAM 00 Xipyp2idHUX Memoodie hpoginakmuku mpomboembonii neceHesoi apmepii.

K/TFOYOBI C/TOBA: Tpom6oemb6onis nereHeBoi apTepii; nicnsonepauiiHnii TpoM603 rNMG60KUX
BEeH; HM)KHSA MOPOXXHUCTA BEHa.
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