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Abstract. Aim of the study: to analyze the results of performing retrograde perfusion of the pulmonary artery during an
open thromboembolectomy from the pulmonary artery. Materials and methods: the experience of performing retrograde
perfusion of the pulmonary artery in 10 patients operated in our clinic for massive pulmonary embolism is presented.
Retrograde perfusion was performed after the stage of embolectomy from the pulmonary artery. For the latter, we used
a disposable cardioplegic solution delivery system and 2 cardioplegic pumps of the heart-lung machine: the first for
taking blood perfusate from the oxygenator, the second for supplying the combined solution. The blood perfusate and
solution were mixed in a 3:1 ratio and injected selectively into the orifices of the pulmonary veins under a pressure of
up to 20 mm Hg. (volume perfusion rate 200-250 ml/min) for 4 minutes. Results: despite the initial severity of the
patients' condition, as well as the amount of surgical intervention performed, the hospital survival rate was 100%. Along
with this, we did not note the development of specific complications, as well as the aggravation of the course of the
intraoperative and early postoperative periods. Conclusion: retrograde pulmonary artery perfusion is a very encouraging
and promising technique that provides effective and safe removal of small thromboembolism from the peripheral parts
of the pulmonary arterial bed, as well as preventing the development of residual pulmonary hypertension as a result of
developing intraoperative air embolism.
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List of Abbreviations of the most common and dangerous cardiovas-

ACS — acute coronary syndrome

ALV — artificial lung ventilation

COPD - chronic obstructive pulmonary dis-
ease

CPB — cardiopulmonary bypass

ECG — electrocardiography

Echo — transthoracic echocardiography

IHD — ischemic heart disease

MIP — maximal intensity projection

PE — pulmonary embolism

TLT — thrombolytic therapy

WHO — World Health Organization

Introduction
Pulmonary embolism (PE) is recognized by
the World Health Organization (WHO) as one

cular diseases, diagnosed in 0.5-2 people per
1000 of the adult population, and among people
over 75 years old, reaching up to 10 cases per
1000 people per year (ESC, 2008). In industri-
alized countries, PE ranks third in the incidence
of sudden cardiac death, where it is second only
to coronary heart disease (CHD) and stroke.
And if we take into account the number of
asymptomatic forms diagnosed on sectional
material, the true frequency of PE increases by
3-4 times (Spampinato et al., 2020). In particu-
lar, up to 100,000 cases of pulmonary embolism
per year are registered in France, up to 65,000
patients with pulmonary embolism are admitted
to multidisciplinary hospitals in England and
Scotland, and up to 60,000 patients annually in
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Italy (Medvedev et al, 2021). In the United
States, up to 65,000 patients with PE are diag-
nosed per year and about 99,000 patients with
relapses of this disease. The difficulty of com-
piling a reliable epidemiological picture of the
disease is associated not only with the presence
of asymptomatic and unverifiable forms of PE,
but also with the formation of post-thromboem-
bolic pulmonary hypertension that occurs after
the disappearance of symptoms of acute pulmo-
nary artery occlusion and is observed in 0.01%
of the studied patients (Wells et al., 2000). Such
an epidemiological situation has quite explain-
able physiological mechanisms. On the one
hand, physiological autolysis or the conse-
quences of thrombolysis lead to the fragmenta-
tion of large thromboembolic agents, which
lead to microembolization of the peripheral pul-
monary arterial bed. On the other hand, the re-
maining microemboli interact with the endothe-
lial lining of the microvasculature, which deter-
mines the reflex spasm of the latter and initiates
the processes of secondary thrombosis
(Medvedev et al, 2021; Martinez et al, 2020).
During therapy, most patients experience a de-
crease in pressure in the pulmonary arteries and
afterload on the right ventricle with clinical im-
provement, however, in almost a quarter of the
considered patients, 3-4 months after the initial
episode of PE, a persistent perfusion disorder is
detected on lung scintigraphy (Fedorov et al.,
2021).

Mortality in the group of patients with high
and intermediate-high risk PE is about 70%,
while when using an active surgical approach,
it does not exceed 10-15% (Howard, 2019).
However, despite the achieved results of treat-
ment, the implementation of open surgical in-
terventions has not become widespread, which
is determined by the high incidence of intra-
and postoperative complications. Currently,
thrombolytic therapy (TLT) is the “gold stand-
ard” for restoring blood flow in the pulmonary
artery (Claeys et al., 2019; Fedorov et al.,
2021). However, the impossibility of perform-
ing the latter or its inefficiency shifts the scales
towards open surgery, which is also consistent
with current clinical guidelines. In addition, the
accumulation of experience in TLT showed the
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presence of conflicting results, reflecting the
percentage of developing complications.

Thus, the results of the MAPPET (Manage-
ment Strategies and Prognosis in Patients with
Pulmonary Embolism) study showed that more
than 40% of patients who underwent TLT for
PE had at least one relative contraindication to
its conduct, and in a third of cases there were
absolute contraindications, which were re-
flected in the treatment outcomes (Konstan-
tinides et al., 2002; Sharifi et al., 1999). Subse-
quently, data from the ICOPER register demon-
strated the development of major bleeding in
21.7% of the subjects, and intracranial bleeding
in 3% (Goldhaber et al., 1999). This trend has
revived the interest of researchers in performing
a surgical method of treatment (Andriyashkin et
al., 2015). At the same time, the lack of large
multicenter studies on the comprehensive as-
sessment of surgical intervention in PE, as well
as the unsatisfactory results of the available,
single, publications, leave a large number of un-
resolved issues, the discussions and intensity of
which are second only to the issues of primary
verification in the group of urgent patients (Pa-
tel & Bergl, 2020). All of the above motivates
researchers to modify both the indications for
open surgery and its techniques.

Aim of the study: to analyze the results of
performing retrograde perfusion of the pulmo-
nary artery during open thromboembolectomy
from the pulmonary artery in a group of patients
with high and intermediate-high risk.

Materials and Methods

This manuscript was based on the experi-
ence of performing retrograde pulmonary artery
perfusion in 10 patients operated on in our
clinic for massive high- and intermediate-high-
risk PE. In the general group of patients, women
predominated (6 people). The mean age of the
examined patients was 54.6 + 4.12 years. It
should be noted that all the subjects were hos-
pitalized in a serious condition, within 8 to 125
hours from the episode of thromboembolism.
Such a time spread was determined by the dif-
ficulties of primary verification of PE and, in
some cases, false diagnosis of acute coronary
syndrome (ACS). Upon admission to inpa-
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tients, a comprehensive laboratory and instru-
mental examination was carried out in terms of
determining the nature and severity of compet-
itive insufficiency, the severity of right ventric-
ular failure, the nature of pulmonary hyperten-
sion, and assessing the risks of recurrent pulmo-
nary embolism. According to the results of la-
boratory methods of additional examination, all
patients showed signs of multiple organ failure,
namely, increased levels of creatinine in 4 pa-
tients (162 + 9.21 mmol/l), hepatic transami-
nases in 6 cases (63 = 5.2 U/l), blood glucose
levels in 3 patients (6.9 = 1.12 mmol/l), as well
as anemia of moderate severity (88 = 1.14 g/1).
In all cases, the D-dimer test turned out to be
positive and averaged 2.10 + 0.85. All patients
had high risks of PE according to the Geneva
and Wells scales and belonged to the group of
high and intermediate-high risk of early cardiac
death according to the classification of the Eu-
ropean Society of Cardiology. The severity of
PE was calculated using the PESI scale, which
in all cases belonged to classes IV and V of
mortality risk and averaged 128 + 8.4 points.

The considered group of patients was repre-
sented by persons of high morbid status, which
was determined both by the severity of the un-
derlying pathology and the nature of concomi-
tant diseases (Table 1). At the time of admission
to the emergency room, patients underwent com-
plex cardioprotective, respiratory therapy aimed
at stabilizing the general clinical condition.

Table 1

Structure of comorbidities

Characteristics
of patients

Deep vein thrombosis
Hypertension
Obesity 11l > degree
Diabetes
Oncopathology
COPD
Recent surgery
Avrteriosclerosis obliterans

NN wlwlo|o(N|B| S

In terms of determining the nature of the le-
sion of the pulmonary arterial bed, we used the

results of magnetic computed angiography with
ECG synchronization and bolus contrast en-
hancement. It should be noted that in all cases
we diagnosed the central form of PE, with lo-
calization of thromboembolism in the trunk and
bifurcation of the lobar branches of the pulmo-
nary artery (Fig. 1 A, B, C)

According to the results of transthoracic
echocardiography (Echo), in all cases, acute
systolic overload of the right ventricle, dila-
tation of the right heart, signs of high pul-
monary hypertension with the formation of
obstructive biphasic blood flow in the pul-
monary artery were observed (Fig. 2 A, B).
The peak pressure in the pulmonary artery
was 63 £ 1.23 mmHg, while the mean pres-
sure was 47 + 2.56 mmHg.

To verify the source of the thromboembolic
substrate, as well as to assess the risk of PE re-
currence, all patients underwent duplex scan-
ning of the lower extremity veins. According to
the results of the latter, in all patients, the occlu-
sive form of deep vein thrombosis of the lower
extremities was verified, without signs of sig-
nificant free-floating thrombi. The study of the
peripheral venous bed, in our opinion, is a man-
datory component of the preoperative addi-
tional examination, which makes it possible to
determine the extent of the surgical intervention
to be performed.

At the end of the diagnostic stage, all pa-
tients were transferred to the operating room
for surgical intervention. In all cases, a stand-
ard median sternotomy was used as a surgical
approach, followed by a T-shaped opening of
the pericardium. After the latter was com-
pleted, the cardiopulmonary bypass (CPB)
was connected by cannulation of the ascend-
ing aorta and selective catheterization of the
orifices of both vena cava with 32F and 36F
cannulas, respectively. For CPB, a Jostra
HL20 Maquet apparatus was used; the initial
filling volume was 1400-1500 ml depending
on the patient's body weight (hematocrit 25—
28%). CPB was performed with a perfusion
index of 2.4-2.8 I/min m? and an average per-
fusion arterial pressure of 60—-80 mm Hg. Art.
under conditions of normothermia with a tem-
perature of 36°C in the esophagus.
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Fig. 1. Fragments of MSCT angiopulmonography in projections of MIP reconstruction of the
coronal (1A), axial (1B), sagittal (1C) projections

Note: thromboembolic masses are determined in the trunk and main branches of the pulmonary
artery

Fig. 2. Results of transthoracic echocardiography
Note: 2A - signs of dilatation of the right parts of the heart with the phenomena of paradoxical
movement of the interventricular septum, 2B - signs of high pulmonary hypertension
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Fig. 3. Pulmonary arteriotomy

After reaching the calculated performance of
CPB, aortic clamping was performed, followed
by antegrade pharmaco-cold cardioplegia by in-
troducing the Consol solution into the aortic
root. After complete electromechanical cardiac
arrest, an arteriotomy approach to the pulmo-
nary artery was performed starting from the
pulmonary valve with a transition to its left
main branch (Fig. 3).

To assess the state of the segmental and sub-
segmental branches of the pulmonary artery,
the trifurcation of its right branch was isolated
and opened, as well as the original incision was
continued to the bifurcation of the trunk of the
left branch. Under direct optical control, throm-
boembolectomy was performed from the trunk,
main and lobar branches of the pulmonary ar-
tery using a set of straight and curved foreceps,
as well as using a 2F-4F Fogarty catheter in two
patients (Fig. 4).

After the end of the embolectomy stage, we
proceeded to the stage of retrograde perfusion
of the pulmonary artery. For this, biatrial access
to the left atrium was performed. For retrograde
perfusion of the lungs, we used a disposable
system for the delivery of cardioplegic solution
and 2 cardioplegic pumps of the CBP appa-
ratus: the first one for taking blood perfusate
from the oxygenator, the second one for supply-
ing the combined solution. The composition of
the protective solution included: sodium chlo-
ride solution 0.9% — 800 ml, dexamethasone
16 ml, actovegin — 400 ml and mannitol 15% —
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Fig. 4. Fragments of removed thromboembolism

100 ml. The blood perfusate and solution were
mixed in a 3:1 ratio and injected selectively into
the orifices of the pulmonary veins under a
pressure of up to 20 mm Hg. (volume perfusion
rate 200-250 ml/min) for 4 minutes. For se-
quential cannulation of the latter, an endotra-
cheal tube with a size of 6.0-6.5 with an inflat-
able cuff was used, which was connected to a
system for retrograde perfusion of the lungs.
Against the background of retrograde perfu-
sion, peripheral thromboembolism was re-
moved from the peripheral parts of the pulmo-
nary arterial bed using vacuum aspiration of the
blood flowing from the arteriotomy access.

As an adequate prevention of air embolism
and the formation of residual pulmonary hyper-
tension, the trunk and main branches of the pul-
monary artery were sutured at the height of the
flow of retrograde incoming blood. The retro-
grade perfusion of the lungs was completed
only at the end of the sealing of the arteriotomy
access. In one patient, pulmonary artery sealing
was performed using a xenopericardial patch to
prevent iatrogenic stenosis. After decannulation
of the pulmonary veins, the left and right heart
chambers were sutured. Prevention of air em-
bolism was carried out with the help of left ven-
tricular drainage, carried out through the orifice
of the upper right pulmonary vein. After the end
of the main stage of the operation, decannula-
tion of the aorta and vena cava, sealing of heart
wounds, and restoration of the integrity of the
chest frame using wire cerclages were per-
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Table 2

Parameters of transthoracic echocardiography

Transthoracic echocardiogram index

Before operation
(M £ 9)

After operation
(M £ 8)

Right atrium

53+ 3.14/46 + 1.14 (mm)

41 +£3.74 /37 +1.25 (mm)

Right ventricle

63.2+3.11/43.1+2.21 (mm)

56.2+1.01/38.7+3.51 (mm)

Ejection fraction of the left ventricle

453+ 2.17 (%)

44.2£2.19 (%)

Mean pressure in the pulmonary artery

47 £2.56 (mm Hg.)

34 +2.02 (mm Hg.)

Peak pressure in the pulmonary artery

63 +1.23 (mm Hg.)

34 +2.23 (mm Hg.)

formed. By the time of skin sutures, in all cases,
the appearance of electrical activity of the brain
was noted (BIS-index at the time of transfer was
17). The mean blood loss was 368 & 58.4 ml.

The study was carried out in accordance with
the standards of good clinical practice (Good
Clinical Practice) and the principles of the Dec-
laration of Helsinki 1975. and its revised ver-
sion of 2000. Prior to inclusion in the study,
written informed consent was obtained from all
participants, and the study itself was approved
by the Local Ethics Committee.

Statistical processing of the studied material
was carried out using the licensed software
package “Statistica 10.0”. Quantitative features
are presented in the work as M + 8, where M is
the arithmetic mean, 6 is the standard deviation.
When assessing the severity of the condition
and the degree of risk of developing PE, we
used generally recognized classifications in ac-
cordance with current clinical guidelines.

Results

After the completion of the surgery, the pa-
tients were transferred to the ICU, where they
received an extended course of conservative
therapy, namely: antibiotic therapy, anticoagu-
lant, infusion therapy, cardioprotective therapy,
as well as therapy aimed at restoring the acid-
base balance of the body. In order to stop the
residual effects of acute right ventricular fail-
ure, patients underwent two-component ino-
tropic myocardial stimulation (maximum dose
of noradrenaline 0.11 + 0.04 pg/kg/min, dura-
tion up to 18.6 £+ 4.3 hours; maximum dose of
adrenaline 0.09 + 0.04 pg/kg/min, lasting up to
12.1 £ 3.2 hours). Despite the initial degree of
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respiratory disorders, as well as the duration of
CPB, we did not reveal a single episode of neu-
rological disorders: all patients showed signs of
adequate awakening within 5 to 9 hours after sur-
gery. The average time of artificial lung ventila-
tion (ALV) was 15.2 =4.31 hours. In addition to
the quite predictable phenomena of cardiovascu-
lar and respiratory failure, one of the postopera-
tive complications we recorded was the syn-
drome of multiple organ failure with a predomi-
nance of hepatic and renal failure, leveled at the
time of transfer of patients from the ICU.

Subsequently, the patients were transferred
to a cardiological hospital, where they com-
pleted a course of complex conservative ther-
apy. The hospital survival rate was 100%.
When assessing the objective status of patients,
there was an increase in exercise tolerance, lev-
eling the phenomena of stagnation in both cir-
cles of blood circulation, which was in harmony
with the subjective improvement in the general
somatic status.

To assess the hemodynamic efficiency of the
surgical intervention, we focused on the data of
transthoracic echocardiography (Table 2).

As can be seen from the presented data, al-
ready at the time of discharge from the hospital,
reverse remodeling of the right heart chambers,
restoration of their normal kinetics, and a de-
crease in pressure in the pulmonary artery were
noted. Despite the fact that the first experience
of retrograde perfusion of the pulmonary artery,
proposed in this article, was in the status of
“mastering the technique”, we did not note
technical intraoperative difficulties, as well as
the development of specific postoperative com-
plications.
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Discussion

Despite a comprehensive study of the issue
of venous thromboembolic complications, and
in particular PE, many aspects related to early
diagnosis, as well as the preference for choos-
ing the method of reperfusion of the pulmonary
arterial bed, are ambiguous and require further
study (Medvedev et al, 2021). The first disap-
pointing experience of surgical treatment of PE,
just like the dizzying results of using TLT, de-
termined the place of the latter as the "gold
standard” of treatment (Rivera-Lebron et al,
2019). However, the accumulation of experi-
ence in surgical treatment, the modification of
surgical and anesthesiology-perfusion aids
gave a rapid impetus to the development of the
surgical direction, while determining an in-
crease in survival rates. Thus, the first attempt
at surgical treatment of PE was proposed by
Trendelenburg in 1908, and subsequently im-
plemented by Kirchner in 1924. (Mkalaluh et
al., 2019). The lack of specialized equipment,
perfusion support, and a well-coordinated team
approach led to disappointing clinical results,
which required the search for new solutions. Of
the variety of proposed options for surgical
treatment, the most widely used method was
D. Cooley, proposed by the author in 1961. (Fe-
dorov et al., 2021). The main significant disad-
vantage of the known method is the impossibil-
ity of performing radical thromboembolectomy
from the peripheral branches of the pulmonary
arterial bed, which may contain both primary
thrombotic masses and fragments of thrombo-
embolism formed during their traction removal
from the proximal sections. Embolization of the
microcirculatory bed determines the violation
of perfusion of a significant segment of the lung
tissue, which determines the persistence of not
only respiratory failure after surgery, but also
leads to the formation of chronic pulmonary hy-
pertension, which reduces the effectiveness of
interventions. In addition, the air that inevitably
enters and remains in the pulmonary artery after
its opening, with the onset of blood flow in the
pulmonary circulation, is deployed to the pe-
ripheral regions and causes air embolism of the
branches of the pulmonary artery. These patho-
physiological mechanisms lead to damage to

the alveolar membranes, as a result, patients de-
velop severe respiratory disorders, which increase
the length of stay of patients in the hospital and
increase mortality rates (Fanola et al., 2020). At-
tempts to mechanically evacuate thromboembolic
masses from small branches of the pulmonary ar-
tery by compressing the lungs and repeatedly us-
ing Fogarty catheters significantly increase the
risk of injury to the endothelial lining of the pul-
monary artery, which can lead to fatal pulmonary
hemorrhage. Thus, the use of the technique of ret-
rograde pulmonary artery perfusion allows level-
ing possible hemodynamic disturbances in the
system of the microcirculatory pulmonary bed,
and in parallel with this determines the possibility
of performing a surgical intervention that meets
the criteria of precision and radicality. The ab-
sence of specific complications and the technical
simplicity of execution allow us to speak of a
good reproducibility of the technique (Fedorov et
al., 2021). If we talk about practical implementa-
tion, then this technique is certainly effective in
terms of preventing air embolism and the devel-
opment of residual pulmonary hypertension. If
we talk about passive washing out of the micro-
embolic substrate from the peripheral parts of the
arterial bed, then it should be noted that the effec-
tiveness and expediency of performing the latter
will be determined by the time interval elapsed
from the moment of the PE episode. Based on the
available data, it can be noted that the best perfor-
mance is achieved within 3 days, which is deter-
mined by the pathophysiological mechanisms of
peripheral thromboembolism retraction and their
fixation to the endothelial surface.

Conclusion

Retrograde pulmonary artery perfusion is a
very encouraging and promising technique that
provides effective and safe removal of small
thromboembolism from the peripheral parts of
the pulmonary arterial bed, as well as prevent-
ing the development of residual pulmonary hy-
pertension as a result of developing intraopera-
tive air embolism.

The technical simplicity of execution, as
well as the absence of the need for expensive
consumables, determines the high reproducibil-
ity of the technique.
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