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Abstract. Purpose of the study: substantiation of indications and assessment of results X-ray endovascular treatment of «crit-
ical» PE in patients with acute hemorrhagic cerebrovascular accident. Material and methods: the study included 47 patients
with acute violation of cerebral circulation for hemorrhagic and mixed types complicated by massive pulmonary thromboem-
bolism of high risk, with «critical» manifestations of right ventricular failure. Depending on the method of PE treatment used,
the patients were divided into 2 groups: the study group (17 people), in which endovascular mechanical fragmentation of
thromboembols was performed, and the control group (30 people), in which only basic intensive therapy was used. Results:
patients of the study group underwent thromboembolic fragmentation in order to transfer embolism of the trunk and the main
branches into embolism of smaller branches of the pulmonary artery. Technical success of the procedure (destruction of the
central thromboembolus) was achieved in 100% of the cases. 14 patients (82.4%) showed positive clinical dynamics in the
form of an improvement in the general condition, a decrease in pressure in the pulmonary artery, and a decrease in the volume
of the lesion of the pulmonary bed according to CT angiography. Three patients (17.6%) died in the early postoperative period.
In the control group of 30 patients, 25 patients died, hospital mortality was 83.3%. Conclusion: the method of catheter endo-
vascular fragmentation of thrombi for the treatment of «critical» pulmonary embolism in patients with acute hemorrhagic
cerebrovascular accident leads to a rapid and safe decrease in pulmonary artery pressure.
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List of Abbreviations

BSPAP — Baseline systolic pulmonary artery
pressure

CT - computed tomography

MSCT — multispiral computed tomography

PE — pulmonary embolism

considered group of patients is second only to
patients of oncological and orthopedic orienta-
tion (Kuntsevich et al., 2012). According to a
number of authors, the course of hemorrhagic
stroke in 3-50% of patients is complicated, not
fatal, but in 1.7-5% of cases- fatal PE (Tetri et
al., 2011).

Quite a large number of works have been de-
voted to the prevention of PE in patients with

Introduction
Hemorrhagic stroke develops in 1-2 million

people annually (Claeys et al., 2019; Jimenez et
al., 2014; Sauvic & Sauvic, 2010), and these pa-
tients are most susceptible to the development
of venous thromboembolic complications
(Khripun et al., 2015; Jaff et al., 2011; Sharifi
et al., 2012). According to the frequency of de-
velopment of pulmonary embolism (PE), the

hemorrhagic stroke; however, the problem of
treating this formidable disease against the
background of hemorrhagic stroke is far from a
final solution (Khripun et al., 2015). Acute pul-
monary thromboembolism arteries — an urgent
state of the cardiovascular system due to occlu-
sive lesion of the pulmonary arteries, accompa-
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nied by acute and life-threatening but poten-
tially reversible right ventricular insufficiency
(Claey et al., 2019). As arule, these are patients
with massive lesions of the pulmonary arterial
bed. The likelihood of survival of these patients
depends on the early restoration of blood flow
through the pulmonary arteries.

To date, the main methods of reperfusion of
the pulmonary artery basin include: first, it is
thrombolytic therapy as the «gold standardy of
reperfusion; second, surgical embolectomy of
pulmonary arteries; third, endovascular treat-
ment methods (Medvedev et al., 2021; Andri-
yashkin et al., 2015; Piazza, 2020). However, in
the group of patients with homeric stroke, the
use of routine thrombolytic therapy is abso-
lutely contraindicated, and the high operational
risk in open surgery pushes us to use the endo-
vascular method of treatment as a less invasive
and traumatic procedure.

Catheter fragmentation of thromboemboli is
the simplest and an effective method of mini-
mally invasive recanalization of the pulmonary
arteries. Immediate redistribution of blood clots
occluding blood flow from the main pulmonary
arteries to the lobar and segmental branches re-
duces dangerous afterload on the right ventri-
cle, which, in most cases, is a life-saving action
in critical patients with acute cerebrovascular
accident (Schmitz-Rode et al., 2012).

Purpose of the study: Substantiation of indi-
cations and assessment of results X-ray endo-
vascular treatment of «critical» PE in patients
with acute hemorrhagic cerebrovascular acci-
dent.

V.V. Pichugin, S.A. Zhurko, S. Kulkarni, D.A. Danilova

Materials and Methods

In total, the study included 47 patients with
acute cerebrovascular accident of hemorrhagic
and mixed types, complicated by massive high-
risk pulmonary thromboembolism, with «criti-
cal» manifestations of right ventricular insuffi-
ciency. In the control group (30 people), only
basic therapy was used with the prescription of
fractionated / unfractionated heparins in order
to passively reduce the thrombus and decline its
volume by preventing the accumulation of fi-
brin conglomerates on the existing thrombus.

The inclusion criteria for the study were:

1. CVA by hemorrhagic type;

2. «Critical» PE with very high risk (PESI >
> 125);

3. Embolism of the trunk and main branches
of the pulmonary arteries;

4. Acute right ventricular failure;

5. The impossibility of using other methods
of pulmonary reperfusion of the arterial bed
(thrombolytic therapy, open pulmonary embo-
lectomy).

Clinical and functional indicators of patients
in the study groups are presented in Table 1.

Decision on the advisability of endovascular
intervention was made on the basis of a council
consisting of a doctor, neuroresuscitation spe-
cialist, cardiorheumatologist, specialist in
endovascular diagnosis and treatment, anesthe-
siologist.

All patients in the study group underwent
fragmentation of the thromboembolism with a
modified Pig-Tail catheter in order to transfer
embolism of the trunk and main branches into

Table 1
Clinical indicators of the studied patients
. Study group Control group
Indicator (n=17) (n = 30)
Male/Female 7/10 13/17
Age 57,95 (S =8,0) 63,2 (S=7,87)
g (43-72 years) (50-78 years)
. . e . Class V Class V
PE severity according to PESI classification (points) (152 + 22) (150 + 24)
Operational risk (ASA physical status classification) ASAV ASAV
Baseline systolic pulmonary artery pressure (mmHQ) 70,53 (S =4,53) 69,2 (S =9,46)

S — Standard deviation. BSPAP — Baseline systolic pulmonary artery pressure
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Fig. 1. Rotary Pig-Tail catheter for thromboembolic fragmentation in pulmonary arteries

embolism of smaller branches of the pulmonary
artery, followed by pulmonary angiography
control. The technique consists of a selective
catheterization of the pulmonary arteries from
puncture of the right-sided jugular or subcla-
vian access.

The angiographic guidewire was introduced
into the thrombus, and then a modified Pig-Tail
catheter was installed in the pulmonary artery
56 F (Fig. 1.) (Schmitz-Rode & Giinther,
1995). Angiographic guidewire at the distal
catheter exits through the lateral holes rather
than the end holes. The annularly bent inner end
of the catheter, located next to the guidewire,
during rotational movements around the guide-
wire passed through the thrombus, the guide-
wire fragments the thromboembolus.

One day after the intervention, all patients
underwent echocardiographic control, on the
seventh day — CT angiographic control. The
conclusion about the effectiveness of the proce-
dure was made on the basis of a set of data from
examination methods, as well as the dynamics
of the clinical picture.

Statistical data processing was performed
using Microsoft Office Excel. Categorical vari-
ables are expressed as a percentage; constant
variables are expressed as M + SD, where M is
the mean, SD is the standard deviation. The
main characteristics and hospital outcomes for
the two groups were compared with the results
using the Student's criteria.

The study was carried out in accordance with
the standards of Good Clinical Practice and the
principles of the Helsinki Declaration of 1975

and its revised version from 2000. Prior to in-
clusion in the study, written informed consent
was obtained from all participants, and the
study itself was approved by the Local Ethics
Committee.

Results

All studied patients were assigned to the
V class according to the ASA classification (a
patient whose death can be expected within the
next 24 hours with or without surgical interven-
tion). According to the PESI classification
(2014), class V was defined in all patients (130—
174 points), which is associated with an ex-
tremely high risk of death (10-24%).

The patients of the study group underwent
thromboembolic fragmentation in order to move
the embolism of the trunk and main branches into
embolism of the smaller branches of the pulmo-
nary artery. The technical success of the proce-
dure (destruction of the central thromboembolus)
was achieved in 100% of cases. 14 patients
(82.4%) showed positive clinical dynamics in the
form of an improvement in the general condition,
a decrease in pressure in the pulmonary artery,
and a decrease in the volume of pulmonary le-
sions according to CT angiography.

The dynamics of systolic pressure in the pul-
monary artery before and after the endovascular
intervention is shown in Fig. 2. Three patients
(17.6%) died in the immediate postoperative
period. Mortality was due to the initial severity
of the patient's condition. In the control group
25 out of 30 patients died, the hospital mortality
rate was 83.3%.
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Fig. 2. Dynamics of systolic pressure in the pulmonary artery before and after the procedure

In the long-term (after 6-9 months) there
were no lethal outcomes in the study group.
With echocardiographic control after 6-9
months, signs of pulmonary hypertension per-
sisted in 11 (64.7%) patients.

We present a case of successful treatment of
«critical» PE in a patient with hemorrhagic
stroke by means of endovascular destruction of
thromboemboli in the main branches of the pul-
monary artery.

Patient N.; 56 years old. Was in the Neuro-
logical intensive care unit (neurolCU) for hem-
orrhagic stroke in the pool of the middle cere-
bral artery on the right. On the 8th day from the
episode of hemorrhagic stroke, there was a
sharp deterioration in the patient’s condition,
which was assessed as extremely severe. The
degree of impairment of consciousness on the
Glasgow coma scale is 13 points (stunning). Se-
vere hypoxemia Sat Oz = 84% against the back-
ground of oxygen inhalation through nasal
catheters. Arterial hypotension - blood pressure
90/50 mm Hg, despite inotropic stimulation of
the myocardium. Heart rate — 110—120 beats per
min. According to Echocardiography, stenotic
blood flow through the pulmonary arteries, di-
latation of the cavities of the right heart and left
atrium are recorded. Hypertrophy of the left
ventricle. Relative mitral valve insufficiency
with moderate regurgitation (grade 2), tricuspid
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valve with severe regurgitation (grade 3). Signs
of high pulmonary hypertension. Hydropericar-
dium. PV — 55%; SPAP — 79 mm Hg.

According to MSCT with pulmonary angi-
ography: detected thrombotic masses in the dis-
tal pulmonary artery with obstruction of their
lumen (Fig. 3).

The presence of thrombotic masses in the
distal pulmonary arteries with obturation of
their lumen.

A consultation was held in the presence of
an anesthesiologist-resuscitator, cardiologist,
cardiovascular surgeon, neurologist and X-ray
endovascular diagnostics and treatment of dis-
eases of the heart and blood vessels. Due to the
critical condition of the patient (ASA —V class)
as a result of the development of massive PE,
which complicated the course of hemorrhagic
stroke by absolute contraindications to throm-
bolytic therapy and inability to perform an open
thromboemboloectomy due to high risk of sur-
gery, it was decided to perform catheter de-
struction of thromboemboli for health reasons
in the main branches of the pulmonary artery.
Mechanical fragmentation of thromboemboli
with a Pig-Tail catheter (6 F) (Fig. 4).

After completing the procedure, the patient's
condition improved: systolic pressure in the
pulmonary artery decreased from 79 to 57 mm
Hg, Sat O2 increased to 92-94%, EF — up to
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Fig. 4. Introduction of the rotary fragmentation Pig-Tail for fragmentation of thromboemboli in the pul-
monary arteries. Fragmentation thromboemboli in the pulmonary arteries with Xray endovascular con-

trol of improved blood flow

65%. Subsequently — uncomplicated during the
postoperative period.

Discussion

Patients with pulmonary embolism represent
a very diverse group, differing, along with gen-
der and age, in etiology and localization of the
venous thrombus, severity of pulmonary arte-
rial disorders blood flow and central hemody-
namics, clinical manifestations of diseases pre-
ceding cardiopulmonary status, concomitant
diseases aggravating the condition of patients

and limiting or even preventing the use of nec-
essary therapeutic measures. PE are aggressive
in nature, do not always give the necessary clin-
ical effect, can be accompanied by the develop-
ment of various complications and side reac-
tions; therefore, their use requires convincing
argumentation.

The key pathogenetic mechanism of PE de-
velopment is thromboembolic occlusion of the
pulmonary arteries. In this regard, the modern
patient management strategy requires an imme-
diate decision on the exact localization of
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thromboembolism and the method of restoring
blood flow in the pulmonary arteries.

The most realistic way to restore pulmonary
patency arteries are thrombolytic therapy or
surgical intervention. In recent years, the role
and place of surgical treatment of PE have
changed significantly. Thanks to technological
progress, the accumulated experience of sur-
geons and improving their qualifications, the
indications for its implementation have ex-
panded. Indications for surgery are considered
thromboembolism of the pulmonary artery
trunk or its main branches with shock, acute
right ventricular failure, a significant decrease
in arterial oxygen saturation in the presence of
contraindications to thrombolytic therapy.

At this stage, a large number of scientific pa-
pers covering various aspects of prevention, di-
agnosis and treatment of PE have been pub-
lished. However, the issues of treatment of pul-
monary embolism in patients with hemorrhagic
stroke, in critical condition, remain in the shad-
ows. Our results suggest that the catheter frag-
mentation of thromboemboli is the simplest and
most effective minimally invasive method of
pulmonary artery recanalization.

According to the European Society of Car-
diology, catheter fragmentation of thrombo-
emboli is as effective as open embolectomy
from pulmonary arteries. Moreover, this
method can be used in patients whose condi-
tion precludes traditional surgery due to a
high degree of risk, and the use of thrombo-
lytic agents is associated with the risk of hem-
orrhagic complications.

A number of researchers (Karpenko et al.,
2015) demonstrate significant experience in
catheter fragmentation of thromboemboli in the
pulmonary arteries in combination with local
thrombolysis and indicating the high efficiency
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