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AHHOTAUWA

Basederue. TpoMboaMbonuaA nerodHom aptepum (T3J1A) ABnsAeTcA 04HUM U3 Hanbosee rPO3HbIX OCNIOKHEHWIA B CTPYKTYpe
MaLWeHTOB HEBPONOrMYECKOTO Y HEMPOXMPYPrMYecKoro npoduna. Beicokne annaeMmonoruyeckue noporoBble 3HaYeHNA,
a TaKwKe NleTanbHOCTb B pacCMaTpuBaeMOW Tpynne MauWeHToB OnpefenseT MOBbLILLEHHbIN WHTEpEC UCCNeaoBaTenen
K criocobam paHHeN OMarHOCTMKK, a TaKMkKe BblbMpaeMbiM MeTouKaM penepdy3um NIero4Horo apTepuanbHoro pycna.

Llents. AHanW3 KNMHUYECKMX U FEMOAMHAMMYECKMX Pe3yNbTaToB XMPYPrMveckoro U 3HA0BACKYIAPHOro CnocoboB feyeHus
T3J1A BbICOKOr0 M MPOMEKYTOYHO-BLICOKOI0 PYCKa B FPynne NaLMeHTOB HEBPOJIOrMYECKOr0 U HEMPOXMPYPrYECKoro Npoduna.

Mamepuaner u Memodel. B npoBogMMoe HaMu WCCNedoBaHME BKIIOYEHO 24 naumeHTa ¢ T3JIA Bbicokoro
1 NPOMEYTOYHO-BbICOKOr0 pUCKa. B nepByto rpynny Bowwv 7 NaLMEHTOB HEMPOXUPYPrveckoro Npoduna, KoTopbiM bbina
BbIMNOJIHEHA TPOMO03MBOIKTOMMA U3 FNABHBIX U [ONEBbIX BETBEM JIErO4HOM apTepUM B YCIOBUAX NapanienbHou nepysvm
MCKYCCTBEHHOr0 KpoBoobpalleHusa. [nutenbHocTe nepdysum coctaBuna 26,0 + 7,4 MuH. BTopylo rpynnmy cocTaBunm
17 60nbHbIX C OCTPLIM TEMOPPArM4ecKMM MHCYNbTOM, KOTOPbIM MpOM3BOAMIACL 3HAOBACKYNAPHAA MexaHM4ecKan
dparMeHTauma TpoM603M60N0B C MOMOLLbI0 MOAMGULMPOBaHHOMO KaTeTepa Tna «Pig-Tail», 3aBogUMoro MyHKLMOHHO
yepe3 NOAKMIUMYHYI0 NMB0 APeMHyIo BeHy. [lepBble KNMHMYecKre nposBneHna T3J1A Bo3HUKNK Ha 4,78 + 2,02 cyTku nocne
BbINOSIHEHHOTO HEMPOXMPYPrUYECKOr0 BMeLLaTeNbCTBa M Ha 8,45 + 2,6 cyTKM nocne MaHUdecTaumMm MHCynbTa. McxoaHo
CUCTONMYECKOE [ABNEHWE B NIErQ4HOM apTepum coctaBuno 67,24 + 5,15 MM pT. cT. B nepBon 1 70,53 + 4,53 MM pr. cT.
BO BTOpOW rpynne 6ombHbIX. MauueHTbl 06enx rpynn oTHocunuck K IV 1 V Knaccam onepauuoHHoro pucka (ASA Physical
Status Classification), a Take K V knaccy (130-174 6anna) no knaccudmraumm PESI.

Pesynemamei. [Moka3satenb rocnutanbHon BbimBaeMoctu coctasun 100% B mepson rpynne u 82,36% Bo BTOpOWA
rpynne (3 netanbHbIX Cnyyan, 06YCNOBAEHHbIX NPOrpeccUpyloLier MPaBOXeNyO0YKOBOM HeJOCTaTOYHOCTbIO B MepBble
18 yacoB 0T OKOHYaHWA NpoLemypbl). Ha MOMEHT BbINUCKY BbINM 0TMEYeHbI NPU3HaKK 06paTHOro pemMoLeNMpoBaHUA NpaBbIX
0TZENO0B CepaLa, CHUHEHNE CPeHEro 1 CUCTONIMYECKOr0 AaBNEHWA B NerodHom aptepum 0o 21+ 2,16 n 31 + 4,12 MM pr. cT.
Yy NaLMEHTOB NepBoM rpynnbl U Ao 46 + 5,23 n 57 + 3,16 MM pT. CT. — BTOpOW rpynnbi.

3aknioyeHue. Xvpypruyeckoe nedeHune T3JTA aBnaeTca adppeKTBHOM 1 6e30NacHON METOAMKOM, XapaKTepu3yloLLanca
NPOrHO3MpyeMbIM pe3ynbTaToM. JHA0BACKYNAPHAA KaTeTepHaA AeCTPYKLMA TpoMbo3aMbonuyecKoro cybeTpata npeacTaBnseT
cobow anbTepHaTMBY XMPYPru4ecKoMy SIeYeHWI0 B FPYMMe MaLMEHTOB C BHICOKMMM PUCKaMU OTKPLITOrO BMELLATENbCTBa,
a TaKe Npu Hannuumm abconioTHBIX MPOTUBOMOKAa3aHMMA K TPOMBONMTUYECKON Tepanum.
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ABSTRACT

INTRODUCTION: Pulmonary embolism (PE) is one of the most threatening complications in patients with neurological
and neurosurgical problems. The high epidemiological threshold values and mortality in the considered group
of patients attracted the interest of researchers in the methods of early diagnosis and selection of methods of reperfusion
of the pulmonary arterial bed.

AIM: To analyze clinical and hemodynamic results of the surgical and endovascular treatment of PE of the high and
intermediate—high risks in the group of patients with neurological and neurosurgical problems.

MATERIALS AND METHODS: This study involved 24 patients with PE of high and intermediate — high-risks. The first
group involved seven patients with neurosurgical problems who underwent thromboembolectomy from the main and lobular
branches of the pulmonary artery in conditions of parallel perfusion of the artificial circulation. The duration of perfusion was
26.0 = 7.4 min. The second group consisted of 17 patients with acute hemorrhagic stroke, in whom endovascular mechanical
fragmentation of thromboemboli was performed using a modified Pig-Tail type catheter introduced by puncture through the
subclavian or jugular vein. The first clinical manifestations of PE appeared 4.78 + 2.02 days after the neurosurgical intervention
and 8.45 + 2.6 days after the onset of stroke. The initial systolic pressure in the pulmonary artery was 67.24 + 5.15 mm Hg
in the first group and 70.53 + 4.53 mm Hg in the second group. Both groups had American Society of Anesthesiologist physical
status IV and V classes of surgical risk and Pulmonary Embolism Severity Index class V (130-174 points).

RESULTS: The hospital survival rates were 100% and 82.36% in the first and second groups, respectively (three lethal
cases due to progressing right-ventricular failure in the first 18 h after the procedure). On discharge, signs of reverse
remodeling of the right heart chambers and reduction of the mean and systolic pressure in the pulmonary artery to 21 + 2.16
and 31 £ 4.12 mm Hg, respectively, were noted in the first group and to 46 + 5.23 and 57 + 3.16 mm Hg, respectively, in the
second group.

CONCLUSION: Surgical treatment of PE is effective and safe with predictable results. Endovascular catheter — induced
destruction of the thromboembolus substrate is an alternative to the surgical treatment of patients with a high-risk of open
surgery and absolute contraindications for thrombolytic therapy.
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LIST OF ABBREVIATIONS

HLM — heart-lung machine

SVC — superior vena cava

VTEC — venous thromboembolic complications
AC — artificial circulation

MSCT-APG — magnetic spiral computed tomography-angiopneumography

IVC — inferior vena cava

ACVA — acute cerebrovascular accident
DVT — deep vein thrombosis

TLT — thrombolytic therapy

PE — pulmonary embolism

INTRODUCTION

Venous thromboembolic complications (VTEC) are
currently one of most threatening complications in the
neurological and neurosurgical practice [1]. Combining
deep vein thrombosis (DVT) and pulmonary embolism
(PE) in their pathophysiological structure, they determine
a large cohort of patients with this diagnosis. Speaking
about PE, its epidemiological threshold is 1-2 people per
100 thousand adult population reaching 10 cases per 100
thousand population in the group of patients of the advanced
and old age [2]. In its turn, the share of PE in postoperative
complications is 28%-33%7 despite a wide use of methods
of pharmacological and mechanical prophylaxis [3]. Besides
high incidence in this group of patients, PE is characterized
by highly discouraging mortality rates. Thus, PE is the cause
of fatal outcome in 4.1% of cardiovascular interventions, in
14.1% of abdominal surgeries, and reaches 30.7% in the
group of patients of neurosurgical profile [4]. According to
the modern literature, DVT occurs in 25%-30% of patients
operated on one or another segment of the central or
peripheral nervous system, and PE — in 3%-7% of this
category of patients [5]. To note, this epidemiological picture
is the tip of an iceberg because severity of the initial premorbid
status of neurosurgical category of patients determines a
low percent of the lifetime verification of this diagnosis and
a significant amount of postmortem findings [6]. According
to J. L. Koehl, et al., the rate of lifetime diagnosis of PE is 19
cases per 100 thousand adult population, while in 159 cases
per 100 thousand population it is a postmortem finding [7].

Besides the problem of early verification of the
correct diagnosis, an important aspect that largely defines
a poor clinical outcome is the choice of treatment tactics.
According to the current clinical recommendations, the
“gold standard” for reperfusion of the pulmonary arterial
bed in the group of high and intermediate-high risk patients
is thrombolytic therapy (TLT) [2]. If the latter is impossible
or ineffective, the balance tips to the surgical intervention
[2, 3]. However, the absence of successive multicenter
studies determines a skeptical attitude to this method
of massive PE treatment in the majority of specialists
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who resort to it as to a method of despair. In turn, the
application of X-ray endovascular method of reperfusion
in the group of patients under consideration, is not widely
presented in the literature and is limited to description of
single clinical cases [8]. All the above said determines the
relevance of our study, as well as its aim.

This study aimed of analysis of clinical and
hemodynamic results of surgical and endovascular
methods of treatment of pulmonary embolism of high
and intermediate-high risk in the group of patients of
neurological and neurosurgical profile.

MATERIALS AND METHODS

The conducted analysis is based on the experience in
treatment of 24 patients of neurological and neurosurgical
profile with high and intermediate-high risk PE in the period
from 2015, 13 March to 2019, 24 September. The clinical
study was conducted in accordance with the standards of
Good Clinical Practice and the principles of Declaration
of Helsinki. Before being included in the study, all the
participants gave their written informed consent.

Depending on the nosological form of the disease, and
also on the intervention performed by us, all the patients
were divided to two groups. The first group included 7
patients of neurosurgical profile in whom PE was a
complication of the early postoperative period after the
past neurosurgical interventions (Table 1).

The second group included 17 patients with acute
hemorrhagic stroke who were on treatment in resuscitation
and intensive care unit of regional vascular centers. The
neurological status of the patients of group 2: 13.45 + 2.11
points on NIHSS scale, Barthel index 24.1 + 3.15 points. At
the time of PE episode, all the patients under consideration
had 0 points on Rivermead scale and were referred to the
5th degree of severity in Rankin classification.

The early postoperative period of patients of the first
group, and the hemorrhagic stroke in patients of the second
group were absolute contraindications for TLT.

Patients of the first group underwent open surgical
intervention — thromboembolectomy from the main and
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Table 1. Structure of Neurosurgical Interventions of Patients of the First Group

Kind of Neurosurgical Intervention n
Microsurgical plasty of the spinal canal 1
Removal of a herniated disc 2
Reconstruction of the lumber section of the spine after its damage in a road accident 2
Microsurgical removal of glioblastoma of the brain 1
Microsurgical removal of oligodendroglioma of the brain 1

lobar branches of the pulmonary artery in conditions of
parallel perfusion of artificial circulation (AC). Indications
for embolectomy were: the existence of a massive
thromboembolus in the trunk and lobar branches of the
pulmonary artery, occluding the lumen of the latter by more
than 60%; progressive right ventricular failure; sustained
systemic hypotension tolerant to the methods of drug and
non-drug support of systemic circulation; a state of shock.

Patients of the second group underwent X-ray
endovascular intervention — endovascular mechanical
fragmentation of thromboembolus. The decision on
the reasonability of using this particular technique of
reperfusion was made on the basis of the conclusion
of a consultation of specialists from neurosurgery,

cardiac surgery, and anesthesiology. Indications for
intervention were: acute cerebrovascular accident (ACVA)
of hemorrhagic type; impossibility to perform open surgery
due to severe morbid status of patients; central form of PE;
progressing right ventricular failure; systemic hypotension,
hypoxemia.

Besides PE, the objective status of the patients was
largely determined by the character and the degree of
severity of the concomitant diseases (Table 2).

Based on the analysis of the materials of the
primary medical documentation, the first clinical
manifestations of PE appeared on the 4.78 + 2.02
day after the neurosurgical intervention, and on the
8.45 + 2.60 day after manifestation of ACVA.

Table 2. Demographic and Premorbid Profile of Patients in Analyzed Groups

Parameter Group 1 Group 2

n 7 17
Mean Age
Men, M £, years 47.0+3.1 51.0+4.2
Women, M + [, years 56.0+ 4.7 58.6 +2.1
Concomitant Pathology
Arterial hypertension, n (%) 5(71.5) 15(88.2)
Lower limb deep vein thrombosis, n (%) 5(71.5) 12 (70.5)
Type 2 diabetes mellitus, n (%) 3(428) 8 (47.0)
Coronary heart disease, n (%) 3(28) 8 (47.0)
Obesity, n (%) 3(62.8) 11 (64.7)
Chronic kidney disease, n (%) 3 (42.8) 2(11.7)
Atheroscleratic lesion of lower limb arteries, n (%) 3(42.8) 8 (47.0)
Chronic obstructive pulmonary disease, n (%) 2(285) 5(29.4)
Transient ischemic attacks in history, n (%) 0 2(11.7)
Degree of Circulatory Insufficiency

Il B stage in Vasilenko-Strazhesko classification, n (%) 5(71.5%) 17 (100%)
Il functional class, n (%) 2 (28.5%) 3(17.6%)
IV functional class, n (%) 3 (42.8%) 14 (82.3%)
Surgical risk (American Society of Anesthesiologists Physical Status Classification), class \% Vv
Condition of Patient’s Consciousness on Glasgow Scale, points 145+1.1 98+3.1
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PE diagnosis was verified using the entire range
of laboratory and instrumental diagnostic methods in
accordance with the current clinical recommendations, the
most informative method being multispectral computed
tomography-angiopneumography (MSCT-APG) with
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contrast, by the results of which all the patients were
diagnosed with the trunk form of PE, and the condition
of the peripheral pulmonary arterial bed was evaluated,
which is one of the most important prognostic clinical
factors (Figure 1).

Fig. 1. Multispectral computed tomography-angiopneumography with contrast: central form of pulmaonary embolism with location
of the embolus in the trunk and the main branches of the pulmonary artery.
Note: the arrow indicates a thromboembolus in the trunk and bifurcation of the pulmonary artery.

At the stage of diagnostic search, all the patients
were examined for the level of D-dimer, which was
3.14 £ 1.3 in patients of the first group and 1.95 + 0.85
of the second group. To determine the management
tactics, transthoracic echocardiography (EchoCG)
was conducted in all the patients, and also duplex
scanning of the veins of the lower limbs and pelvis to
determine the source of the thromboembolic substrate
and indications for surgical or drug prophylaxis of PE
recurrence. As a result, in all the analyzed clinical cases,
we verified the occlusive form of DVT without signs of
significant flotation, which required administration of
low-molecular-weight forms of heparin at the stage of
additional examination, and also obligatory administration
of compression knitwear of the 2nd compression class.
It should be noted that among group 1 patients, elastic
compression therapy after the previous neurosurgical
intervention was used in 85.7% and consisted mainly in
the elastic bandaging of the lower limbs.

After preoperative additional examination and
stabilization of parameters of central hemodynamics,
patients of group 1 underwent an urgent surgical
intervention within 1.12 + 0.45 hours from the moment
of admission to hospital. A surgical access was

DOI: https://doi.org/10.17816/PAVLOVJB8671

longitudinal median sternotomy. To improve visualization
of the right heart chambers, a wide T-shaped opening
of the pericardium was performed, after which a heart-
lung machine (HLM) was connected through isolated
cannulation of the orifices of the superior (SVC) and
inferior vena cava (IVC) with 32F and 36F cannulas,
respectively, and also of the ascending aorta.

After reaching the rated performance of the HLM,
the orifices of the IVC and SVC were compressed with
sutages applied at the preparatory stage of the operation.
For embolectomy, incision of the trunk of the pulmonary
artery was made, starting 1.0 cm distally of the pulmonic
valve and continuing towards the bifurcation of its left
branch. The embolectomy proper was performed with
the straight and curved packers freely introduced in the
lumen of the lobar and proximal sections of the segmental
branches of the pulmonary arterial bed. The procedure
continued under visual control until restoration of the
retrograde blood flow via the lobular branches (Figure 2).
The duration of parallel perfusion was 26.0 + 7.4 minutes.

After the interventions, the patients were transferred
to the resuscitation and intensive care unit for complex
cardiologic therapy aimed at correction of cardiovascular
and respiratory insufficiency.
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Fig. 2. Embolectomy from the pulmonary artery: the stage of remaval of fresh thrombotic masses from the right superior lobar

pulmanary artery with straight packer.

Patients of the 2" group underwent mechanical
fragmentation of thromboemboli occluding the lumen of
the pulmonary artery, with a modified pigtail catheter.
The essence of the technique is the controlled conversion
of the central form of PE to the peripheral variant,
which permits to alleviate the acutely developed right
ventricular failure and to improve the clinical prognosis
for highly urgent patients. The procedure was performed
in the X-ray room under constant angiographic control.
Initially, puncture of either the subclavian or jugular vein
was made with subsequent insertion of a diagnostic guide
wire into the concerned part of the pulmonary arterial
bed. Having positioned the guide wire, we introduced
a modified pigtail 5-6 F catheter into the bulk of the
thromboembolic substrate. The technical peculiarity of
the used catheter is that the angiographic conductor exits
through the lateral, rather than the end openings of the
catheter, which permits to create an axis, around which
the inner curved end of the catheter rotates causing
fragmentation of thromboembolus and restoration of
the patency of the proximal pulmonary arterial bed [9].

Statistical processing of the presented material was
carried out using the licensed program package Statistica
9.0 (Stat Soft Inc., USA) and Microsoft Office Excel
(Microsoft Corp., USA) for Windows XP. The nature of
the distribution of the obtained data was evaluated using
Kolmogorov—Smirnov tests. Quantitative characteristics
corresponded to the law of normal distribution and are
presented as M + g, where M is the arithmetic mean, g is
the standard deviation. In assessment of the severity of
the condition and the degree of risk for development of
PE, we used generally accepted classifications. The main

DOI: https://doi.arg/10.17816/PAVLOVJB8671

characteristics and hospital outcomes for the two groups
were compared using Student's test. The differences
were considered statistically significant at p < 0.05.

RESULTS

Despite the initial severe morbid status of the
patients determined by the type and the degree of
severity of both the main and the concomitant pathology,
in group 1 not a single death was recorded, while in the
2" group — 3 lethal cases (all within the first 18 hours
after the intervention). The lethal outcomes were caused
by the progressung right ventricular failure tolerant to
the used methods of cardiotonic support. Thus, hospital
survival rate was 100% in group 1 and 82.36% in group 2.

The duration of artificial lung ventilation in group
1 was 12.0 + 2.4 hours, after which the patients were
transferred to independent spontaneous breathing. Among
the main complications of the early postoperative period,
cardiovascular and multiple organ failure prevailed, the
consequences of which abated by the time the patients
were transferred to specialized hospitals. The average
stay in the intensive care unit was 2.14 + 0.23 days. It
should be noted that the forced immobilization of the
concerned patients due to previous interventions on the
central and peripheral nervous system, as well as the
consequences of ACVA, induced changes in the "early
activation" approach that we adhere to in relation to
the concerned patients. At the time of discharge from
the hospital, the neurological status of group 1 patients
showed residual paresthesia in the area of spinal
intervention in 2 patients and reduction of the volume of
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movements of the lower limbs due to the preserved pain
component in another 2 patients.

All the patients of the 2" group were transferred
to neurological hospitals at the place of residence with
general cerebral symptoms for specific treatment.
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To control the hemodynamic efficiency of the
conducted interventions, all the patients underwent
transthoracic EchoCG. Based on the results of the latter,
signs of remodeling of the right heart chambers and a
positive dynamics of pulmonary hypertension were noted
as early as in the hospital stage (Table 3).

Table 3. Dynamics of Parameters of Transthoracic Echocardiography in Analyzed Groups

Parameter

Group 1

Group 2

before surgery

after

before destruction

after

Right atrium, M + g, mm

93.0£3.1/460+1.1

420+2.6/340+3.1%

55.0+£4.3/43.0£1.2

430+23/335+1.8*

Right ventricle, M + g, mm

65.0 £ 4.1/61.4+2.6

51.0+£2.1/34.0 £1.6*

63.2+3.1/43.1£22

52.4+2.2/380 £ 1.6*

Left ventricular ejection fraction, M + g, % 453+22 523+6.1 48.4+5.1 55.6 1.1
Mean pressure in the pulmonary artery, M + g, mm Hg 470+2.6 21.0+2.2¢ 58.0+4.2 46.0+5.2¢
Peak pressure in the pulmonary artery, M + g, mm Hg 672+52 31.0+£4.1% 705+45 57.0£3.2%

Note: * — p < 0.05

DISCUSSION

Without doubt, currently VTEC is an extremely
important problem of patients of the neurological and
neurosurgical profile [1]. Speaking about the pathogenetic
background of the considered complications, one should
note the involvement of the three components of Virchow
triad in the etiopathogenetic process.

Forced immobilization of patients due to surgical
intervention on the organs of the central and peripheral
nervous system, exactly like the damage to the brain
structures seen in ACVA, determine the slowing of blood
flow in the inferior vena cava system. Thus, according to
A. 1. Khripun, et al., DVT in the inferior vena cava system
occurs in 24.6% of patients of neurosurgical profile
with an asymptomatic course in most cases [10]. This
circumstance is assigned to the fact that patients, due
to their objective status, cannot always communicate
impairment of their condition. In addition, frustration
of neurological afferentation due to breakage of the
integrity of the nerve fibers in spinal injuries, determines
the asymptomatic course of VTEC in some cases. On the
other hand, the phenomena of secondary lymphovenous
insufficiency, as well as neurodystrophic processes that
inevitably accompany the profile patients, often mask
the manifestations of DVT [11]. In view of the above, we
consider it maximally justified to conduct duplex scanning
of the lower limb veins in all neurological patients,
and to use the entire complex of pharmacological and
mechanical methods for DVT prophylaxis.

Speaking about the tactics of managing patients
with already happened PE, we consider it justified to
use the maximally active approach to its treatment.

DOI: https://doi.org/10.17816/PAVLOVJB8671

Thus, TLT, which is currently the “gold standard” for
the treatment of high and intermediate-high risk PE, is
absolutely contraindicated in this group of patients due to
high risks of hemorrhage [2]. Therefore, the only chance
for the patients under consideration is the earliest
possible hospitalization in specialized cardiac surgical
hospitals practicing the method of open embolectomy
[3]. Complex multicomponent cardiotonic therapy, which
begins from the moment of diagnosis to admission of
the patient to the operating room, permits to gain time
for thorough additional examination and transportation
of patients, and direct disobstruction of the proximal
segment of the pulmonary arterial bed, performed with
the parallel perfusion of the AC, alleviates the phenomena
of acute right ventricular failure. Undoubtedly, the
accumulated experience in surgical treatment of PE
permitted to increase the number of interventions, and
to some extent expanded the indications for them [12].
However, there is still no single tactic for patients in
critical condition associated with hemorrhagic ACVA.
The concerned patients, in addition to contraindications
for TLT, are inoperable due to progressive cerebral
symptoms, and also exclude the possibility of using AC
with preceding systemic heparinization. Thus, catheter-
directed fragmentation of thromboemboli in this case is
an alternative technique that can save the life of highly
urgent patients.

Currently, there occurs only accumulation of the
experience in performing this procedure, however,
according to the data of the European Society of
Cardiology, catheter-directed fragmentation of
thromboemboli is not inferior to open surgical intervention
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in terms of effectiveness and safety [13, 14]. In this
context, we do not take into consideration a group of
patients with hemorrhagic ACVA, there are only isolated
publications on this problem. Thus, in the literature, the
experience in endovascular thrombus destruction in 20
patients with damage to the central nervous system is
reported, in 17 cases the procedure was supplemented
with selective thrombolysis. According to the results of
the study, the overall mortality rate made 20%, which is
consistent with the data obtained in our study [8]. Thus,
X-ray endovascular techniques are a priority direction
of treatment of PE in a group of patients with severe
morbid profile, and require further study.

CONCLUSION

Surgical and endovascular treatment of pulmonary
thromboembolism is currently the promising methods
of reperfusion of the system of the pulmonary artery in
the group of high-risk and intermediate-risk patients.
Characterized by predictable clinical and hemodynamic
results, they are a method of choice for operated patients,
and also for patients with absolute contraindications for
thrombolytic therapy because of concomitant competing
pathology.
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