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ABSTRACT

Introduction: Pulmonary thromboendarterecto-
my (PEA) is the main method of treatment for
patients with chronic thromboembolic
pulmonary hypertension (CTEPH). The residual
pulmonary hypertension (PH) after CTEPH
surgical treatment is a risk factor with
increasing hospital mortality.

Objective: To analyze and evaluate the results of
PEA in patients with different persistent time of
medical history as a possible prognostic factor of
residual PH and outcome.

Methods: Retrospective and prospective analysis
of the PEA results in 87 patients operated on
from April 2012 to February 2022 was
conducted. The patients were divided into 3
groups. The 1st group - 45 patients with a
medical history from 3 months to 1 year, the 2nd-
20 patients from 1 year to 3 years and the 3rd -
22 patients with long-term history more than 3
years.

Results: The average age of the patients was
48.7+ 13.5 years, including 56.7 % males and

43.3 % females. Due to New York Heart
Association (NYHA), 7 (8.0%) patients

preoperatively belonged to class II, 60 (69.0%) to
class III and 20 (23.0%) to class 1IV.
Postoperatively the mean pulmonary artery
pressure (mPAP mmHg) and pulmonary
vascular resistance (PVRdyn-s-cm'5)
significantly decreased in all groups(mPAP :1st
group from 45+13 to 2346, 2" — from 49+14 to
25+6 and 3" from 58+12 to 31+7; PVR: 1st group
from 797+262 to 290+135, 2" — from 925+383 to
376+159 and 3™ — from 1248+332 to 505+189).
Hospital mortality after PEA was o0 in patients
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with medical history less than 1 year, 5% from 1
to 3 years and 31.8% in patients with long-term
anamnesis.

Conclusions: PEA is an effective surgery with
mPAP and PVR decreasing in the early
postoperative period. However, long-term
medical history and PVR>1000 dyn-s-cm® are
very important risk factors with increasing of
hospital mortality.

Keywords: pulmonary hypertension, chronic
thromboembolic pulmonary  hypertension,
thromboendarterectomy, pulmonary vascular
resistance, long-term medical history.
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. INTRODUCTION

Chronic thromboembolic pulmonary hyperten-
sion is a severe cardiovascular disease with a
highly unfavorable prognosis if not treated in
time. CTEPH is a complication of pulmonary
embolism (PE) and a treatable cause of PH. The
pathology is a combination of mechanical
obstruction due to failure of clot resolution, and a
variable degree of microvascular disease. The first
decision remains assessment of operability, and
the best improvement in symptoms and survival is
achieved by the mechanical therapies, pulmonary
endarterectomy and  balloon  pulmonary
angioplasty. With the advances in multimodal
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therapies, excellent outcomes can be achieved
with 3-year survival of >90%.This is a rare form of
PH develops due to obstruction of the elastic
pulmonary arteries by thrombi or emboli and
usually occurs in 1-4% of cases as a late
complication of acute PE [1, 2]. Its incidence,
which had been estimated at 5—6 cases per million
inhabitants per year, is reaching 13 cases per
million inhabitants per year when a systematic PE
follow-up is organised [3].

The haemodynamic thresholds defining PH in
CTEPH are adopted from the revised and now
accepted thresholds based on definition of normal
versus abnormal pulmonary haemodynamic
parameters [4, 5]. That is why a complete haemo-
dynamic evaluation by right heart catheterisation
(RHC) including cardiac output is recommended,
because the calculated PVR is important to assess
the prognosis and the risks associated with PEA

[6].

Factors contributing to the development of
chronic thromboembolism of the pulmonary
artery (PA) include ineffective wuse of
anticoagulants, recurrent PE episodes, thrombi
formation in the PA in patients with
thrombophilia, or due to changes in the vessel
wall after a prior PE. The disease progresses with
development of microvasculopathy and gradual
remodeling of the right heart chambers with
elevation of mPAP and PVR and decreasing
cardiac output (CO). PH is considered severe
when mPAP is more than 45—-50 mmHg and PVR
is greater than 1000—1200 dyn-s-cm 5. [7, 8]

Nowadays PEA is recognized as the best treatment
for CTEPH. Long-term surgical outcomes have
demonstrated significantly higher survival rates
among patients who underwent surgery compared
to those who did not. The outcome and early
postoperative results depend on several factors:
the degree and nature of PA lesions, the level of
cardiovascular insufficiency, and the experience of
the surgical team [2, 5]. One of the major risk
factors is the baseline value of thePVR. Studies
have shown that mortality among patients with
PVR >1000 dyn-s-cm 5 was 3—4 times higher than
in patients with lower PVR. Extremely high PVR
that does not correlate with imaging and

angiographic findings may indicate irreversible
microvascular changes, which can ultimately lead
to residual PH after surgery, postoperative
complications, or even death [7, 8].

In order to assess potential perioperative risks, a
multidisciplinary team (MDT) must identify
correlation of the type and severity of PA lesions
and the level of PH. Unfortunately, there is no
currently unified algorithm capable of predicting
the scope of surgical intervention and its possible
complications. We hypothesize that evaluation of
the CTEPH medical history may be a useful
method for predicting and assessing the risks of
surgical intervention.

. METHODS
2.1 Study Design

A retrospective and prospective study was
conducted in 87 patients after a CTEPH surgical
treatment undercardiopulmonary bypass (CPB),
moderate hypothermia, cardioplegia and without
deep hypothermic circulatory arrest from April
2012 to February 2022 at the Heart Disease with
Progressive Pulmonary Hypertension Surgical
Treatment Department in the Bakulev National
Medical Research Center for Cardiovascular
Surgery under the Russian Federation Health
Ministry (Moscow, Russian Federation) were
collected and thoroughly analyzed.Written and
informed consents from the patients were
received. The study protocol was approved by the
local ethics committee at the institution where the
research was conducted. All the patients were
examined before the surgery, immediately after
operations and at the hospital discharge. After
operation the patients were evaluated with clinical
assessment, transthoracic echocardiogram,
computed tomography angiogram (CTA), invasive
PA pressure (PAP) measurement; the data
received were collected. The inclusion criteria
suggested by the American College of Chest
Physicians were the following: 1) NYHA class
symptomatology; 2) preoperative PVR > 300
dyn-s-cm5; 3) surgical accessibility of thrombi in
main, lobar, segmental PA as seen in CTA; 4) no
debilitating comorbidities. All the patients with
acute PE did not fit CPB undergoing and only
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after adequate anticoagulant therapy for at least 3
months after confirmed PE. Demographic
variables, PAP (systolic (PAPs), mPAP, diastolic
(PAPd)), right ventricle (RV) dysfunction
measured by tricuspid annular peak systolic
excursion (TAPSE) on 2D echo, central venous
pressure, pulmonary arterial wedge pressure
(PAWP), oxygen saturation (SatO2), CPB time,
location of thrombi as described by Jamieson’s
classification as well as the University of
California, San Diego (UCSD), surgical
classification and any postoperative complications
were studied. PAPs, mPAP and PAPd, as well as
CO, were invasively measured before and after the
operation with the subsequent PVR calculation.

Patients were divided into three groups depending
on the time of medical history. The first group
consisted of 45 patients with a medical history
from 3 months to 1 year; the second group - 20
patients with a history from 1 to 3 years; and the
third group - 22 patients with a long-time history
more than 3 years. We also analyzed the results of
PEA in patients with PVR less or more than 1000
dyn-s-cm 5 in all three groups.

2.2 Surgical Technic

Methods and peculiarities of CPB, anesthetic
management and surgical technic were described
previously [9, 10].The surgical technique
remained unchanged throughout the study
period. CPB was established in a standard fashion
with moderate hypothermia, cardioplegia and
without deep hypothermic circulatory arrest. An
arteriotomy of the right pulmonary artery (RPA)
was performed between the aorta and superior
vena cava, followed by thromboendarterectomy
from the lobar and segmental branches of the
RPA. After thrombi removal was completed, the
arteriotomy was closed. Access to the left
pulmonary artery was achieved by opening the
main pulmonary artery trunk and extending the
incision into the left branch, followed by
thrombus removal. Restoration of cardiac activity
occurred spontaneously or after defibrillation.
CPB was discontinued under monitoring of PAP
and cardiac filling. During surgery, repeated
measurements of pulmonary and systemic
hemodynamics were performed using a Swan-—

Ganz catheter. Cardiac output was measured
using the thermodilution method. The type of
pulmonary artery lesion was clarified according to
Jamieson’s classification. After surgery, patients
were transferred to the intensive care unit (ICU)
for stabilization.

2.3 Intensive Care Unit Management

The outcomes of the surgical intervention were
analyzed, including CPB duration and aortic cross
-clamp time. In the early postoperative period,
hemodynamic parameters obtained via Swan—
Ganz catheter, duration of mechanical ventilation
(MV), length of stay in the ICU and in hospital,
echocardiographic results, functional tests,
laboratory parameters at discharge, complication
rate, and mortality were evaluated.All patients
received correction of infusion and sedative
therapy and other medical procedures during the
first 24 hours after surgery. Patients with elevated
PAP received prophylactic therapy with iloprost at
a dose of 20 ug, administered via nebulizer during
MV, 4-8 times per day. After the restoration of
normal external respiration and absence of signs
of heart failure, tracheal extubation was
performed. If severe PH persisted (mean PAP >
35 mmHg, PVR > 500 dyn-s-cm®), extubation
was delayed for several days. Postoperatively, all
patients were prescribed anticoagulant therapy in
therapeutic doses.

2.4 Statistical Analysis

For statistical analysis of the results, IBM SPSS
Statistics version 26 was used. Quantitative
variables following a normal distribution were
presented as the mean + standard deviation;
quantitative variables with a non-normal
distribution were presented as the median and
interquartile range (25th—75th percentiles). To
assess the normality of the distribution, the
Kolmogorov—Smirnov and Shapiro—-Wilk tests
were used. Qualitative variables were presented as
absolute values and percentages. To compare
groups of quantitative variables with a normal
distribution, Student’s t-test was used. Groups of
quantitative variables with a non-normal
distribution or with different types of distribution
were compared using the Wilcoxon and Mann—
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Whitney tests. Qualitative variables were analyzed
using Pearson’s Chi-square test and Fisher’s exact
test. Differences were considered statistically
significant at p < 0.05. To compare more than two
groups of quantitative variables with a normal
distribution and equal variances, one-way ANOVA
for independent groups was used. When more
than two groups of quantitative variables with a
non-normal  distribution and/or  unequal
variances had to be compared, the Kruskal-Wallis
test was applied. Levene’s test was used to check
for homogeneity of variances. If differences
between groups were found (p < 0.05), pairwise
comparisons between these groups were
conducted. For variables with a normal
distribution, Tukey’s test was used for pairwise
comparison, while for variables with a
non-normal distribution, the Mann—Whitney test
was applied. In the case of pairwise comparisons,
the Bonferroni correction was used to determine
the new significance threshold.

1. RESULTS

The present data analysis included 87 patients
who underwent surgery in the period from April

2012 to February 2022. The average age of the
patients was 48.7 + 13.5 years, including 56.7 %
males and 43.3 % females. Due to NYHA, 7 (8.0%)
patients preoperatively belonged to class II, 60
(69.0%) to class III and 20 (23.0%) to class IV.
The patients had some classical symptoms, i.e.
dyspnea on exertion (DOE) (in all 87 patients),
palpitations (in 62 patients, 71%), pedal oedema
(in 56 patients, 64%), and a cough (in 16 patients,
18%). The main CTEPH cause was deep venous
thrombosis in 69 patients (79.3%), thrombophilia
in 9 patients (10.3%) and was unidentified in 10
patients (11.5%). Location and extent of thrombi
were evaluated by CTA. According to Jamieson’s
classification 49 (56.3%) patients had type I
(Figure 1) and 38 (43.7%) patients had type II
thrombi. None of the patients had type III orIV
thrombi. The baseline demographic and
preoperative clinical characteristics of the study
population are presented in Table 1 and 2.

Table 1: The Baseline Demographic and Preoperative Clinical Characteristics

Comparative Characteristics of Patients

Parameters Group 1 (from 3 months Group 2 (from 1to 3 3 }i:;zf)ngz 22) »
to 1 year; n = 45) years; n = 20)
Male, n (%) 26 (58%) 13 (65%) 9 (41%)
Female, n (%) 19 (42%) 7 (35%) 13 (59%)
Age, years 46 £ 14 47 £ 12 50 + 13 >0.05
BSA, m2 1.98+0.63 1.96+0.5 1.95+0.4 >0.05
NYHA
Functional Class, n (%)
II 7 (15.5%) 0 (0%) 0 (0%)
I 35 (77.78%) 16 (80%) 9 (40.9%)
v 3(6.67%) 4 (20%) 13 (59.1%)

Note: BSA - Body Surface Area
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Table 2: Preoperative Clinical and Hemodynamic Parameters

Comparative Characteristics of Patients
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Parameters Group 1 Group 2 Group 3
(n = 45) (n=20) (n=22)
Functional Tests
6MWT, m 250 + 64 230 + 65 216 + 82
DOE
Borg Dyspnea Scale, 4.1+1,0 4.4 +1,1 6.7+ 0,9
score
Echocardiography
RV EDD, cm 5.0 £ 0,7 5.2+ 0,6 5.5+ 0,7
RV EDV, mL 127 + 24 135 £ 35 171 £+ 42
RA width, mm 56 £ 11 62 + 11 62 +13
RA length, mm 58 + 11 61 + 11 65 + 11
RV SV, mL 26+ 6 20+ 5 33+3
RV DV, mL 3817 42+ 6 46 £ 4
RA SV, mL 25+ 6 28 £ 5 32+3
RA DV, mL 347 395 42+ 3
TAPSE, mm 15.2 + 3,3 14.1+1,7 12.0 £ 1,7
RV EF, % 41+ 8 41+7 37+6
sPAP, mmHg 75 + 23 92 + 23 97 +£17
Right Heart Catheterization
PVR, dyn-s-cm™5 797 + 262 925 + 383 1248 + 332
mPAP, mmHg 45+ 13 49 + 14 58 £ 12
PAWP, mmHg 15.7 £ 2,5 17.0 + 3,8 18.0 + 2,8
CO, L/min, median
(IQR) 4.0(3.4-5.2) 5.1(3.6-8.1) 3.5(3.1-4.4)
CI, L/min/m2 2.3+ 0.5 2.6 £ 0.9 2.0 £ 0.3
Laboratory Diagnostics
NT-pro BNP, pg/mL,
median (IQR) 138 (81-223) 243 (151-345) 503 (324-705)
Pulmonary Vascular Resistance
PVR < 1000 (82) 12 (60) (32)
dyn-s-cm™5, n (% 37 713
PVR > 1000
dyn-s-cmS, 1 (%) 8 (18) 8 (40) 15 (68)

Note: NT-proBNP — brain natriuretic peptide; EDD — end-diastolic dimension; EDV — end-diastolic
volume; EF — ejection fraction; CI — cardiac index; 6MWT — 6-minute walk test; DV - diastolic
volume; SV - stroke volume; RA — right atrium.
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There was no statistical difference in CPB time, surgery. The most patients with PVR > 1000
aortic cross-clamp duration, or body temperature dyn-s-cm™5 were in group 3 (68%) while in group 1
between the groups. Figure 2 shows the only18%.

thrombotic masses removed at the time of

Table 3: Postoperative Clinical and Hemodynamic Parameters

Comparative Results

London Journal of Medical & Health Research

Group 2
Parameters P
(n=20)
Functional Tests
P:-.=0.201
6MWT, m 434 £ 55 415 £ 36 373 £ 47 P..3=0.005
P..; =0.013
DOE P,.=0.004
Borg Dyspnea Scale, 1.8+ 0.5 22+04 2.8+0.4 P13 <0.0001
score P.;=0.001
Echocardiography
RVEDD, c¢m, median
4.5 (4.0-5.1) 4.3 (4.1-5.1) 5.0 (4.4-5.3) >0.05
(IQR)
RVEDV, ml 93 + 11 97+ 15 102 + 22 >0.05
RA width, mm 48 + 8 51+ 11 55 + 10 >0.05
RA length, mm 46 £ 8 49+7 51+7 >0.05
P1.=0.048
RV SV, ml 16 + 4 17+ 4 20+ 2 P:1-3<0.0001
P23 =0.007
P.2 =0.045
RV DV, ml 24+5 26+ 3 28 +3 P:3=0.003
P23=0.099
P:->.=0.009
RA SV, ml 14+ 4 16+ 2 18+2 P13<0.0001
P.;=0.059
P..=0.008
RA DV, ml 21+ 4 23+ 3 25+ 2 P..3<0.0001
Do =0.117

TAPSE, mm 18.5 £ 2,2 18.4 + 2,1 17.2 £ 1,7 >0.05

RV EF, % 51+6 49 +5 47 + 4 >0.05
P1-»=0.047
sPAP, mmHg 37+ 16 45 £ 18 53+9 P13 =0.001

P23 =0.11
Right Heart Catheterization

P:1»=0.037
PVR, dyn-s-cm ™3 290 + 135 376 + 159 505 + 189 P13<0.0001
P..; =0.071
P12=0.179
mPAP, mmHg 23+ 6 25+ 6 31+7 P13<0.0001
P.;=0.01

dPAP, mmHg 10.7 + 4,0 10.5 + 3,3 9.6 + 4,2 >0.05

CO, L/min, median
5.4(4.6-7.6) 6.2 (4.7-25.0) 4.0 (3.8-7.0) >0.05
(IQR)
CI, L/min/m?2,
median (IQR) 2.7 (2.5-3.4) 3.5 (2.7-4.1) 2.5(2.3-3.5) >0.05
Laboratory Diagnostics
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P...=0.01
NT-pro BNP, pg/ml, ) ) )
median (IQR) 39 (13-63) 67 (46-75) 94 (87-105) P.3<0.0001
P..,=0.001
Stay in
ICU
. P...=0.086
My, h()(?(rgsl,{;nedlan 13 (8; 19) 18 (8; 32) 24 (11; 264) P.5=0.002
Py =0.271
P1.=0.012
ICU, hours, median P13 =0.002
’ ’ 21(18; 2 22 (21; 6 20; 288 3
(IQR) (18; 23) (215 67) 43 ( ) P.y=0.205
Stay in Hospital
P.»=0.004
Length, days, median P15 <0.0001
’ ! 10 (8-12 14 (9-18 20 (17-36 3
(IQR) (8-12) 4 (9-18) (17-36) P, =0.013
Note: IQR — Interquartile Range
Decreasing of PVR after surgical intervention was ICU. However, these indicators showed

statistically significant in all groups. In group 1,
PVR decreased to 290 + 135 (p < 0.001), in group
2 to 376 + 159 (p < 0.001), and in group 3 to 505
+ 189 dyn-s:em> (p < 0.001). Decreasing of
NT-pro BNT was also observed in all three groups.
In group 1 — to 39 pg/ml, in group 2 — to 69 pg/ml
and in group 3 — to 94 pg/ml. Simultaneously, the
6MWT and TAPSE showed a significant increase .
In group 1 to 434 m and 18.5 mm, in group 2 — to
415 m and 18.4 mm and in group 3 — to 373 m and
17.2 mm respectively. There were no significant
differences between groups 1 and 2 in the time of
mechanical ventilation or length of stay in the

statistically significant differences between groups
1and 3 (Table 3).

Postoperative incidence of complications is
presented in Table 4. We also analyzed an
affecting of baseline PVR >1000 dyn-s-cm™> on the
developing a composite endpoint reflecting all
identified postoperative complications within the
groups (Tables 4, 5). Non-lethal complications,
such as moderate heart failure, pneumonia, and
arrhythmias  (paroxysmal form of atrial
fibrillation) were revealed in group 1.

Table 4. Complications in Early Postoperative Period

Comparative Results

. o Group 1 Group 2 Group 3

Complications, n (%) (n = 45) (n = 20) (n = 22)
Reperfusion pulmonary oedema o (0) 3 (15) 9 (41)
Pneumonia 1(2.2) 1(5) 2(9.1)

Heart failure 7 (16) 10 (50) 11 (50)

Cardiac arrhythmia 1(2.2) 2 (10) 1(4.5)
Residual pulmonary hypertension 2(4.4) 4 (20) 8 (36)
Mortality o (0) 1(5) 7(32)

Composite endpoint 10 (22) 12 (60) 20 (91)

In group 3 the complication rate was significantly
higher, and the early postoperative period was
notably more severe. No cases of reperfusion
pulmonary oedema were observed in group 1,
whereas its incidence was 15% and 41% in groups
2 and 3, respectively (p < 0.0001). Additionally,
residual PH was observed in 2 patients in group 1,

4 in group 2, and 8 in group 3. We hypothesized
that this may be due to the long medical history
with development of microvasculopathy with
distal changes of pulmonary arteries. In-hospital
mortality was not observed in group 1, while it
was 5% in group 2 and 31,8% in group 3 (p <
0.0001).
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Table 5: Development of Postoperative Complications based on the Composite end Point in Patients
with PVR More and Less than 1000 dyn-s- cm™3 and with Different Time of Medical History

i o) PVR . Con.lplication. rate
(dyn-s-cm5) (composite endpoint), n (%)
1(37) PVR<1000 7(19.0)
1(8) PVR>1000 3(37.5)
2 (12) PVR<1000 5 (41.6)
2(8) PVR>1000 7(87.5)
3(7) PVR<1000 6 (85.7)
3 (15) PVR>1000 14 (93.3)
Surgical outcomes of all patients were thoroughly and nonobstructed lung areas [12]. A

analyzed and compared with data of PVR changes
before and after surgery in all three groups
(Figures 3, 4). Residual PH and outcome depend
on the preoperative level of PVR.

V. DISCUSSION

PEA performed in specialized centers contributes
to the normalization of the main parameters of
the pulmonary circulation, improves long-term
prognosis in patients with CTEPH, and is the
preferred treatment method for patients with
proximal pulmonary artery lesions. However,
there is no wuniversal algorithm for patient
selection for surgery that could predict outcomes,
especially with different times of medical history.
Due to the nonspecific clinical presentation of
CTEPH, misdiagnosis is common in clinical
practice. As a result, there is often a significant
delay in referring patients to expert centers for
diagnosis confirmation and assessment for
surgical treatment [5, 11]. In our center, as well as
in other clinics worldwide, candidates for
pulmonary PEA  are selected by a
multidisciplinary team, including a cardiovascular
surgeon, anesthesiologist-intensivist, and
cardiologist. As mentioned earlier, candidate
selection is based on the overall patient condition,
the characteristics and extent of pulmonary
vascular lesions, and the presence of
comorbidities [9]

Anatomically, two different vascular lesions
participate in the increasing of PVR in patients
with CTEPH: an obstruction of pulmonary
arteries by unresolved thrombi and a
microvasculopathy observed in both obstructed

microvasculopathy is also observed in completely
obstructed lung areas and is attributed to the
development of systemic bronchial arteries
anastomosing with pulmonary arterioles and
venules [13]. Simonneau G. and colleagues
presented similar data regarding the possibility of
collateral blood flow development bypassing
pulmonary vascular obstructions in patients with
long-term medical history, which increases the
likelihood of residual PH postoperatively and an
unfavorable surgical outcome [14]. The presence
of microvasculopathy is suspected when
mechanical obstruction does not correlate with
the haemodynamic severity. The
microvasculopathy may explain the persistence of
PH after PEA [15]. Microvasculopathy is
suspected when mechanical obstruction does not
correlate with the haemodynamic severity and
may explain the persistence of residual PH after
PEA [15].

Historically, high PVR was considered as a
potential contraindication to surgery [16],
however, even in patients with the most severe
forms of disease, characterised by a preoperative
PVR of more than 1000 dyn-s-cm 5, the operative
mortality has decreased to <5% [7, 8]. Madani
M.and colleagues in their study reported that a
baseline PVR value over 1000 dyn-s-cm 5 leads to
a fourfold increase in preoperative mortality [17].
According to data from an international registry,
the mortality rate was 10.6% in patients with a
baseline PVR above 1200 dyn-s-cm5. Elevated
PVR values exceeding 1600 dyn-s-cm 5, regardless
of the lesion type, indicate a severe form of
CTEPH and may be a contraindication for
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pulmonary PEA. However, a clearly expressed
lesion in the proximal pulmonary artery, even
with a high PVR, indicates potential effectiveness
and safety of surgical intervention [18].

Bergin C. and colleagues confirmed that in
patients with similar characteristics, unfavorable
postoperative outcomes were associated not only
with PVR >1000 dyn-s:cm™> but also with the
presence of secondary microvasculopathy [19].
Residual PH rates ranged from 8.2% [20] to
41.9% [21]. Some previous studies provided solid
evidence that patients with persistent or residual
PH immediately after PEA have an increased risk
of in-hospital death [18, 22]. These studies
showed that mPAP > 30 mmHg after PEA was
relevant for the prognosis. On the other hand, the
United Kingdom National Cohort showed that
mPAP > 38 mmHg measured 3 - 6 months
postoperatively correlated with a poor long-term
survival and a higher risk of CTEPH related death
[23]. In our previous study we described , that it is
rational to use 35 mmHg as a cut-off value, which
is a mean data between 30 mmHg and 38 mmHg
[10].

A long time before correct diagnosis may play a
crucial role in the development of
microvasculopathy and right heart failure. This
leads to a worse prognosis with increasing
complications ’ rate and operative mortality [24].
Hsieh W. and colleagues conducted a meta-
analysis dedicated to residual PH after surgical
treatment of CTEPH. The study showed that after
PEA PAP and PVR usually decrease even in
patients with distal-type lesions [25]. Our results
confirm  this  conclusion,  demonstrating
significant improvement in the hemodynamic
parameters of the pulmonary circulation in all
groups. All patients in the third group were
included in study retrospectively, and at the time
of surgery they were identified as potential
candidates considering the proximal type of the
pulmonary vascular lesions, despite the high
PVR. This means that there was a relative
correspondence between the severity of the
arterial lumen obstruction and the degree of
PH.In our study, we also referred to the work
from the Meshalkin E. N. Institute of Circulation
Pathology [26]. Authors concluded that the time

of medical history does not affect the possibility of
PH reduction in the postoperative period. We
confirmed that PEA significantly reduces PVR and
improves hemodynamic parameters in all patients
including those with long-term medical history.
Nevertheless, complications such as residual PH,
reperfusion pulmonary oedema and severe heart
failure in the early postoperative period were
significantly higher in patients with long-term
medical history (anamnesis more than 3 years),
with high hospital mortality.

The extent of microvasculopathy significantly
affects the development of disease severity and
postoperative outcomes. Therefore, analysis of
small vessel damage in the lungs may be key to
achieve the best surgical results [27, 28, 29].
Further research in this field will help identify
patients who achieve the best treatment outcomes
using all available strategies and develop new
therapies to prevent disease progression to
irreversible right ventricular dysfunction.

V. CONCLUSION

PEA is an effective and safe treatment of CTEPH
in patients with PVR less than 1000 dyn-s-cm’5.
In patients with PVR more than 1000 dyn-s-cm™3
and a clearly established time of medical history
more than 3 years, PEAmay be effective in
reducing of right heart failure and PH,however,
the early postoperative period is associated with a
higher frequency of complications and a high
surgical mortality.

Limitations

Our research cannot definitively determine
whether the above-mentioned patients with
long-term medical history of CTEPH (more than 3
years) and with PVR more than 1000 dyn-s-cm™5
were unsuitable for surgical intervention, leaving
the question of operability open for further study.

What is Already Known?

After PEA PAP and PVR usually decreases even in
patients with distal-type lesions.

What Does This Study Adds?
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The long-term medical history of CTEPH (more th
an 3 years) is a risk factor for severe residual PH
after PEA with high hospital mortality.

ACKNOWLEDGEMENTS

We express our gratitude to Bakulev National
Medical Research Center for Cardiovascular
Surgery for the support of our investigation and
all the patients who took part in this research.

Conflicts of Interest

The authors declare no conflicts of interest
regarding the publication of this paper.

Funds

Neither

fund nor financial support have been

received from anybody.

1.

REFERENCES

Delcroix, M., Lang, 1., Pepke-Zaba, J. Long-
term outcome of patients with chronic
thromboembolic pulmonary hypertension
(CTEPH): results from an international
prospective registry. Circulation 2016; 133:
859—71. https://doi.org/10.1161/Circulation
aha.115.016522

Chazova, 1. E., Martynyuk, T. V. Clinical
recommendations for the diagnosis and
treatment of chronic thromboembolic
pulmonary hypertension. Terapeutic Archive.
2016;10: 63-72. https://doi.org/10.17116/te
rarkh201688663-73

Durrington, C., Hurdman, J. A., Elliott, C. A.,
Maclean, R., Van Veen, J., Saccullo, G., et al.
Systematic pulmonary embolism follow-up
increases diagnostic rates of chronic
thromboembolic pulmonary hypertension and
identifies less severe disease: results from the
ASPIRE Registry. Eur Respir J 2024; 63:
2300846. https://doi.org/10.1183/13993003.
00846-2023.

Kovacs, G., Berghold, A., Scheidl, S.,
Olschewski, H. Pulmonary arterial pressure
during rest and exercise in healthy subjects: a
systematic review. Eur Respir J 2009; 34:
888-894.https://doi.org/10.1183/09031936.
00145608.

Humbert, M., Kovacs, G., Hoeper, M. M.,
Badagliacca, R., Berger, R. M. F., Brida, M., et

10.

11.

al. (2022) 2022 ESC/ERS Guidelines for the
Diagnosis and Treatment of Pulmonary
Hypertension. European Heart Journal, 43,
3618-3731. https://doi.org/10.1093/eurheart
j/ehac237

Jenkins, D., Madani, M., Fadel, E., D'Armini,
A. M. and Mayer, E. Pulmonary endar-
terectomy in the management of chronic
thromboembolic pulmonary hypertension.
Eur Respir Rev 2017; 26: 160111. https://
doi.org/10.1183/16000617.0111-2016.
Madani, M. M., Auger, W. R., Pretorius, V.,
Sakakibara, N., Kerr, K. M., Kim, N. H., et al.
Pulmonary endarterectomy: recent changes in
a single institution's experience of more than
2,700 patients. Ann Thorac Surg. 2012 Jul;
94(1): 97-103. https://doi.org/DOI: 10.1016/
j-athoracsur.2012.04.004

De Perrot, M., McRae, K., Donahoe, L.,
Abdelnour-Berchtold, E., Thenganatt, J. and
Granton, J. Pulmonary endarterectomy in
severe chronic thromboembolic pulmonary
hypertension: the Toronto experience. Ann
Cardiothorac Surg 2022; 11: 133—142.
https://doi.org/10.21037/acs-2021-pte-14.
Gorbachevsky, S. V., Rakhmonov, K. Kh.,
Aybazov, R. A., Petrosyan, K. V. and Bockeria,
L. A. Results of pulmonary thromboen-
darterectomy in patients with chronic
thromboembolic pulmonary hypertension.
The Bulletin of Bakulev Center. Cardiova-
scular diseases. 2024; 25; 1; 56-69. https://
doi.org/:10.24022/1810-0694-2024-25-1-56-
69.

Gorbachevsky, S. V., Bockeria, L. A., Averina,
T. B., Rakhmonov, K. Kh., Sabitov, A. A,
Diasamidze, K.Z. and Golukhova E.Z. 70 Cases
of Pulmonary Thromboendarterectomy with-
out Circulatory Arrest. World Journal of
Cardiovascular Surgery Vol. 15 No. 2,
February 19, 2025. DOI: 10.4236/wjcs.2025.
152005

Kallonen, J., Korsholm, K., Bredin, F.,
Corbascio, M., Jensson Andersen, M., Ilkjer,
L.B., et al. (2022) Association of Residual
Pulmonary Hypertension with Survival after
Pulmonary Endarterectomy for Chronic
Thromboembolic Pulmonary Hypertension.

Long-Term Anamnesis of Chronic Thromboembolic Pulmonary Disease. Does it Predict the Results of Pulmonary Thromboendarterectomy?

Volume 25 | Issue 7 | Compilation 1.0

(© 2025 Great Britain Journals Press


https://doi.org/10.1161/Circulationaha.115.016522
https://doi.org/10.17116/terarkh201688663-73
https://doi.org/10.1183/13993003.00846-2023
https://doi.org/10.1183/09031936.00145608
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/DOI:10.1016/j.athoracsur.2012.04.004
https://doi.org/10.1002/pul2.12093
https://doi.org/10.4236/wjcs.2025.152005
https://doi.org/10.1161/Circulationaha.115.016522
https://doi.org/10.17116/terarkh201688663-73
https://doi.org/10.1183/09031936.00145608
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/DOI:10.1016/j.athoracsur.2012.04.004
https://doi.org/10.4236/wjcs.2025.152005

12.

13.

14.

15.

16.

17.

18.

Pulmonary Circulation, 12, €12093. https://
doi.org/ 10.1002/pul2.12093

Simonneau, G., Dorfmiiller, P., Guignabert, C.,
Mercier, O. and Humbert, M. Chronic
thromboembolic pulmonary hypertension: the
magic of pathophysiology. Ann Cardiothorac
Surg 2022; Mar; 11(2): 106-119. https://doi.
org/10.21037/acs-2021-pte-10.11:106—119.
Dorfmiiller, P., Giinther, S., Ghigna, M-R.,
Thomas de Montpréville, V., Boulate, D., Paul,
J-F., et al. Microvascular disease in chronic
thromboembolic pulmonary hypertension: a
role for pulmonary veins and systemic
vasculature. Eur Respir J 2014; Nov; 44(5):
1275-88. https://doi.org/10.1183/09031936.
00169113.44: 1275-1288.

Simonneau, G., Hoeper, M.M. Evaluation of
the incidence of rare diseases: difficulties and
uncertainties, the example of chronic
thromboembolic pulmonary hypertension.
Eur Respir J. 2017; 49(2): 1602522.
https://doi.org/10.1183/13993003.02522-20
16.

Azarian. R., Wartski, M., Collignon, M.A,,
Parent, F., Hervé, P., Sors, H. and Simonneau
G. Lung perfusion scans and hemodynamics
in acute and chronic pulmonary embolism. J
Nucl Med 1997; 38: 980—983. PMID: 9189155
Pepke-Zaba, J., Delcroix, M., Lang, 1., Mayer,
E., Jansa, P., Ambroz, D., et al. (2011) Chronic
Thromboembolic Pulmonary Hypertension
(CTEPH): Results from an International
Prospective Registry. Circulation, 124, 1973-
1981. https://doi.org/10.1161/circulationaha.
110.015008.

Thistlethwaite P.A., Madani M.M., Deutsch R.,
Blanchard D., Kapelanski D.P., Jamieson S.W.
Operative classification of thromboembolic
disease determines outcome after pulmonary
endarterectomy. J Thorac Cardiovasc Surg.
2002 Dec; 124(6):1203-11. https://doi.org/10.
1067/mtc.2002.127313.

Mayer, E., Jenkins, D., Lindner, J., D'Armini,
A., Kloek, J., MeynsB.,, et al. Surgical
management and outcome of patients with
chronic thromboembolic pulmonary
hypertension: Results from an international
prospective registry. J Thorac Cardiovasc

19.

20.

21.

22,

23.

24.

25.

Surg. — 2011. (141). — P.702—710. https://doi.
org/ 10.1016/j.jtcvs.2010.11.024.

Bergin C. J., Sirlin, C., Deutsch, R., Fedullo,
P., Hauschildt, J., Huynh T., et al. Predictors
of patient response to pulmonary thrombo-
endarterectomy. Am J Respir 2000; 174:
509—15. https://doi.org/10.2214/ajr.174.2.17
40509

Sihag, S., Le, B., Witkin, A. S., Rodriguez-
Lopez, J. M., Villavicencio, M. A., Vlahakes,
G.J., et al. (2017) Quantifying the Learning
Curve for Pulmonary Thromboendarter-
ectomy. Journal of Cardiothoracic Surgery,
12, Article No. 121. https://doi.org/10.11
86/513019-017-0686-1.

Miyahara, S., Schroder, T.A., Wilkens, H.,
Karliova, I., Langer, F., Kunihara, T., et al
(2021) Long-Term Outcomes after Pulmonary
Endarterectomy in 499 Patients over a
20-Year Period. The Annals of Thoracic
Surgery, 111, 1585-1592. https://doi.org/10.
1016/j.athoracsur.2020.06.122

Jamieson, S. W., Kapelanski, D. P,
Sakakibara, N., Manecke, G.R., Thistlethwaite,
P. A, Kerr, KM., et al. (2003) Pulmonary
Endarterectomy: Experience and Lessons
Learned in 1,500 Cases. The Annals of
Thoracic Surgery, 76, 1457-1464. https://
doi.org/10.1016/s0003-4975(03)00828-2
Cannon, J.E., Su, L., Kiely, D.G., Page, K.,
Toshner, M., Swietlik, E., et al. (2016)
Dynamic Risk Stratification of Patient Long-
Term Outcome after Pulmonary Endarter-
ectomy: Results from the United Kingdom
National Cohort. Circulation, 133, 1761 1771.
https://doi.org/10.1161/circulationaha.115.01
9470.

Vuylsteke, A., Sharples, L., Charman, G.,
Kneeshaw, J., Tsui, S., Dunning, J., et al.
Circulatory arrest versus cerebral perfusion
during pulmonary endarterectomy surgery
(PEACOG): a randomized controlled trial //
Lancet. - 2011. - N2 378. - P. 1379-1387.
https://doi.org/10.1016/S0140-6736(11)61144
-6.

Hsieh, W. C., Jansa, P., Huang, W. C,
Niznansky, M., Omara, M., Lindner, J.,et al.
Residual pulmonary hypertension after
pulmonary endarterectomy: A meta-analysis.

Long-Term Anamnesis of Chronic Thromboembolic Pulmonary Disease. Does it Predict the Results of Pulmonary Thromboendarterectomy?

© 2025 Great Britain Journals Press

London Journal of Medical & Health Research

Volume 25 | Issue 7 | Compilation 1.0


https://doi.org/10.21037/acs-2021-pte-10.11:106%E2%80%93119
https://doi.org/10.1067/mtc.2002.127313
https://doi.org/10.1016/j.jtcvs.2010.11.024
https://doi.org/10.2214/ajr.174.2.1740509
https://doi.org/10.1186/s13019-017-0686-1
https://doi.org/10.1016/j.athoracsur.2020.06.122
https://doi.org/10.1016/s0003-4975(03)00828-2
https://doi.org/10.1161/circulationaha.115.019470
https://doi.org/10.1016/S0140-6736(11)61144-6
https://doi.org/10.1016/j.jtcvs.2018.04.110
https://doi.org/10.1002/pul2.12093
https://doi.org/10.21037/acs-2021-pte-10.11:106%E2%80%93119
https://doi.org/10.1183/09031936.00169113.44:1275%E2%80%931288
https://doi.org/10.1183/13993003.02522-2016
https://doi.org/10.1161/circulationaha.110.015008
https://doi.org/10.1067/mtc.2002.127313
https://doi.org/10.1016/j.jtcvs.2010.11.024
https://doi.org/10.2214/ajr.174.2.1740509
https://doi.org/10.1186/s13019-017-0686-1
https://doi.org/10.1016/j.athoracsur.2020.06.122
https://doi.org/10.1016/s0003-4975(03)00828-2
https://doi.org/10.1161/circulationaha.115.019470
https://doi.org/10.1016/S0140-6736(11)61144-6

London Journal of Medical & Health Research

26.

27.

J Thorac Cardiovasc Surg 2018 [Epub

ahead of print]. https://doi.org/10.1016/j.jtc
vS.2018.04.110
Chernyavsky, A. M., Edemsky, A. G.,

Chernyavsky, M. A., Efimenko, V. G., Tarkova,
A. R, Ivanov, S. N. The effectiveness of
thrombendarterectomy from branches of the
pulmonary artery depending on the degree of
pulmonary hypertension and duration of the
disease// Cardiology. - 2016. — vol. 56, No. 5.
-pp. 56-59. — https://doi.org/10.18565/
cardio.2016.6.56-59.

Banks D. A. Pulmonary endarterectomy: part
I. Pathophysiology, clinical manifestations,
and diagnostic evaluation of chronic
thromboembolic pulmonary hypertension //

28.

29.

Semin. Cardiothorac. Vasc. Anesth. — 2014.
319—330. https://doi.org/10.1177/108925321
4536621.

Delcroix, M., Noordegraaf, V.A., Fadel, E.,
Lang, I., Simonneau, G., Naeije, R., et al.
Vascular and right ventricular remodelling in
chronic thromboembolic pulmonary hyper-
tension // Eur. Respir. J. — 2013. 41. —
P. 224-232. https://doi.org/10.1183/0903193
6.00047712

Lang, I. M., Dorfmiiller, P., Noordegraaf, V.A.
The Pathobiology of Chronic Throm-
boembolic Pulmonary Hypertension // Ann.
Am. Thorac. Soc. — 2016. 13. — Suppl. 3. —
P. S215-221. https://doi.org/10.1513/Annals
ATS.201509-620AS.

Figure 1: Type I Thrombi According to Jamieson's classification
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Figure 2: Thrombotic Material Removed During Surgery
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Figure 3: Dynamics of PVR in Patients with Initial PVR <1000 dyn*sm*sec-5
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Figure 4: Dynamics of PVR in Patients with an Initial PVR > 1000 dyn*sm*sec-°
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