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ABSTRACT

Background: A significant proportion of the right ventricular afterload
is determined by the elastic properties of the pulmonary artery (PA).
We aimed to assess the effect of balloon pulmonary angioplasty (BPA)
on PA elastic properties in patients with inoperable chronic thrombo-
embolic pulmonary hypertension (CTEPH).

Methods: We enrolled adult patients with CTEPH treated with BPA and
controls without PH. Total PA compliance (CPa) was calculated as
stroke volume/PA pulse pressure. PA distensibility (DC) and compli-
ance (CC) coefficients were assessed by intravascular ultrasound to
denote local elastic properties of the treated PA segments.

Results: We performed 103 BPA sessions in 17 patients with CTEPH
(5 men [29%)], aged 66 [64 to 73] years) who were followed for 6 (5 to
7) months after the last BPA. The median time between BPA sessions
was 39 (28 to 52) days. The CPa, CC, and DC were lower in patients

Chronic thromboembolic pulmonary hypertension (CTEPH)
is a rare and progressive disease caused by obstruction of
pulmonary arteries (PAs) by organlzed thrombi accompanied
with microvascular remodelhng It leads to a chronic increase
in the right ventricular (RV) afterload which is composed of a
steady and a pulsatile component Traditionally, only the
steady component, referred to as pulmonary vascular resis-
tance (PVR), has been used to assess the effectiveness of
targeted therapies. The reduction of PVR after pulmonary
endarterectomy (PEA) was shown to be the main determinant
of survival in patients with CTEPH.” However, a significant
proportlon of the RV energy is spent generatlng pulsatlons,
which is imposed by the elastic properties of the PA.”
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RESUME

Contexte : Une proportion importante de la postcharge du ventricule
droit est déterminée par les propriétés élastiques de I'artére pulmo-
naire (AP). Nous avions pour objectif d’évaluer I'effet de I'angioplastie
pulmonaire par ballonnet (APB) sur les propriétés élastiques de I'AP
chez des patients qui présentaient une hypertension pulmonaire
thromboembolique chronique (HPTC) inopérable.

Méthodologie : Nous avons recruté des patients adultes atteints
d’HPTC inopérable et traités au moyen d’une APB ainsi que des
témoins non atteints d’hypertension pulmonaire (HP). La compliance
totale de I'AP (CAP) a été calculée en divisant le débit systolique par la
pression différentielle de I'AP. Les coefficients de distensibilité (CD) et
de compliance (CC) de I'AP ont été évalués par échographie intra-
vasculaire pour que les propriétés élastiques locales des segments de
I'AP traités puissent étre déterminées.

PEA remains a treatment of choice for most patients with
CTEPH. It was shown to reduce PVR and also to increase
total PA compliance (CPa),”® which results in the reversal of
RV remodelling and an improvement in RV function.
Recently, a refined balloon pulmonary angioplasty (BPA) has
been proposed as a treatment option for patients with
CTEPH who are not eligible for PEA.”'* To achieve a sig-
nificant hemodynamic effect, it is usually required to perform
a series of BPA sessions each, including BPAs of a few diseased
PA segments.

CPa is considered as a storage capacity of the entire PA tree
and is defined as an increase in blood volume in the arterial
system that produces a unit increase in arterial transmural
pressure. CPa depends on the volume of the reservoir and on
the elastic properties of the PAs determlned by their walls’
content and mean PA pressure (mPAP)."”

The mechanisms of CPa reduction after PEA and BPA are
not fully understood. Both methods reduce mPAP and
increase the capacity of the pulmonary circulation, but their
effect on local elastic properties may be different. In the PEA,
organized thrombi are removed together with an internal and
partly medial layer of the PA wall,'* whereas in the BPA,
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with CTEPH than in controls without PH (n = 10). Complete BPA
treatment led to increase of CPa from 1.02 (0.70 to 1.39) to 2.08
(1.49 to 2.39) mL/mm Hg (P < 0.001) at the 6-month follow up, and
this increase was in proportion to a decrease in pulmonary vascular
resistance (PVR) (R2 = 0.74; P = 0.001). CPa increased immediately
after BPA session by 0.13 (—0.05; 0.33) mL/mm Hg (P = 0.001) and
remained unchanged until the next BPA session. CC and DC exhibited
no immediate change after catheter balloon inflation (A=0 [—0.03;
0.02] mm?/mm Hg, P = 0.52, and A = 0 [—0.13; 0.13] %/mm Hg,
P = 0.91, respectively) and remained unchanged at the 6-month
follow-up.

Conclusions: BPA improved total CPa in proportion to a decrease in
PVR despite no improvement in local elastic properties of the treated
PA segments.

thromboembolic lesions are compressed against the vessel
walls with the use of catheter balloons and are not
removed.'>'¢

In the current study, we aimed to assess the effect of BPA
on CPa and local elastic properties of the treated arterial
segments in a group of patients with inoperable CTEPH.

Methods
Study population

The study group consisted of adult patients with inoper-
able CTEPH who underwent complete BPA treatment be-
tween 2015 and 2017 in a single pulmonary hypertension
(PH) reference centre. We started to enroll consecutive
patients in the study after performing 10 BPA sessions in our
centre. The flowchart, presenting enrollment of study
patients, is shown in Supplemental Fig. S1.

We recruited 2 control groups. The first was composed of
age- and sex-matched healthy patients with normal pulmonary
hemodynamics, who underwent right heart catheterization
(RHC) in our institution. Patients were eligible for the control
group if they did not have significant diseases affecting
pulmonary function. The second control group included age-,
sex-, and mPAP-matched treatment-naive patients with
idiopathic pulmonary PH (IPAH).

The Jagiellonian University Ethics Committee approved
the study protocol No. 122.6120.237.2015, and written
informed consent was obtained from each patient of the study
group and of the controls before entering the study. All
clinical investigations have been conducted according to the
principles of the Declaration of Helsinki.

Baseline evaluation of the study group

Diagnosis of CTEPH was established according to the
guidelines, and the operability and eligibility for BPA were
assessed for each patient by the local CTEPH team, consisting
of a cardiac surgeon, interventional cardiologist experienced in
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Résultats : Nous avons réalisé 103 séances d’APB chez 17 patients
atteints d’HPTC inopérable (5 hommes [29 %], agés de 66 [64 a 73]
ans) qui ont fait I'objet d’un suivi de 6 (5 a 7) mois apres la derniére
APB. Le temps médian écoulé entre les séances d’APB était de 39 (28
a52) jours. La CAP, le CC et le CD étaient plus faibles chez les patients
atteints d’HPTC inopérable que chez les témoins non atteints d’HP
(n = 10). Le traitement complet au moyen d’'une APB a entrainé une
augmentation de la CAP de 1,02 (0,70 a 1,39) a 2,08 (1,49 a 2,39)
ml/mm Hg (p < 0,001) a I'évaluation de suivi de 6 mois, et cette
augmentation était proportionnelle a une diminution de la résistance
vasculaire pulmonaire (RVP) (R2 = 0,74; p = 0,001). La CAP a
augmenté immédiatement aprés la séance d’APB de 0,13 (-0,05;
0,33) ml/mmHg (p = 0,001) et elle est demeurée inchangée jusqu’a
la séance d’APB suivante. Le CC et le CD n'ont pas changé
immédiatement aprés le gonflement du ballonnet (A = 0 [-0,03; 0,02]
mm?%/mm Hg, p = 0,52, et A = 0 [-0,13; 0,13] %/mm Hg, p = 0,91,
respectivement) et ils sont demeurés inchangés au suivi du 6° mois.
Conclusions : LAPB a amélioré la CAP totale en proportion a une
diminution de la RVP malgré I'absence d’amélioration des propriétés
élastiques locales des segments de I'AP traités.

BPA, and PH specialist.17 In patients with CTEPH, we
evaluated World Health Organization functional class
(WHO-FC), serum level of the N-terminal prohormone of

brain natriuretic peptide (NT-proBNP) and 6-minute walking
distance (6MWD).

Assessment of total CPa

RHC with calculation of total CPa was performed in
accordance with contemporary standards.'® The effects of
complete BPA treatment for each patient was a difference
between the values obtained at the 6-month follow-up (FU)
and before the first BPA session (Fig. 1A). To assess the effect
of each BPA session (Fig. 1B) we analyzed CPa at 3 time
points: before the analyzed BPA session, immediately after the
analyzed BPA session (immediate change), and before the next
consecutive BPA session (early FU).

In the control groups, the RHC was performed once,
during the diagnostic evaluation.

We used the following formula to calculate CPa

stroke volume
pulmonary artery pulse pressure

Pulmonary artery compliance (CPa) =

where PA pulse pressure (PP) is the difference between systolic
(sPAP) and diastolic (dPAP) PA pressure.

Cardiac output was assessed with the use of the Fick
method with direct measurement of oxygen consumption.
Stroke volume was calculated as cardiac output divided by
heart rate.

To evaluate the relationship between CPa and PVR, we
calculated the RC-time from the following equation:

RC — time = PVR x CPa

BPA

The BPA procedures were performed according to recent
reports.8 Our protocol of BPA treatment is presented in
Supplemental Methods S1 and S2.



424
> ACPa; n=17
»| ACPa |
L n=103 |
ACPa ACPa
n=103 n=103
Before BPAI Immediate Early FU 1 6-month FU
change 1
RHC RHC RHC RHC RHC
CPa BPA CPa CPa BPA CPa CPa
BPA ion 1 BPA 2 === — RHC control
BeforeBpaz  modiate
change 2

acra | J|[ acra

Canadian Journal of Cardiology
Volume 35 2019

B
Vessel 1, 2,...n Vessel 1, 2,...n
CcC CC —--— CC
DC BES DC DC
Before BPA  Immediate 6-month FU
(A) change (B) ©
L ACC
ADC
n=102 ACC
»| ADC
n=44

Figure 1. Time points of measurements of (A) pulmonary artery compliance (CPa) and (B) compliance coefficient (CC) and distensibility coefficient
(DC) in a study group. CPa was measured before each balloon pulmonary angioplasty (BPA) (before BPA), immediately after each BPA (immediate
change), and before the next BPA session (early follow-up [FU]). Comparisons of CPa at these 3 time points are available for 103 individual BPA
sessions. Comparison of CPa before the first BPA and at the 6-month FU is available for 17 patients enrolled in the study. CC and DC were
measured before BPA (before BPA), immediately after BPA (immediate change) and at the 6-month follow-up (6-month FU). Comparisons of DC and
CC before BPA and immediately after BPA are available for 102 PA segments. Comparisons of DC and CC before BPA and at the 6-month FU are
available for 44 PA segments. n, number of stenotic segments of the pulmonary artery treated with BPA; RHC, right heart catheterization.

Calculation of local elastic parameters: distensibility
coefficient (DC) and compliance coefficient (CC)

Evaluation of the local elastic properties was performed by
means of intravascular ultrasound (IVUS) both in the
CTEPH (Supplemental Fig. S2) and the control groups
(Supplemental Fig. S3) as described in the Supplemental
Methods S3. Calculation of DC and CC (Supplemental
Fig. S4) was performed in the IVUS recordings acquired
before BPA, immediately after BPA, and at the 6-month FU
in the CTEPH group (Fig. 1B) and only once during diag-
nostic RHC in the control groups. The measurements were
calculated as the average value of the 3 consecutive cardiac
cycles. For the purposes of this study, only ring and web le-
sions were analyzed, provided that we achieved adequate sta-
bilization of the IVUS probe.

The following formulas were used for calculation of DC

and CC:

_IVUS max. vessel area — IVUS min. vessel area

be PP x IVUS min.area

x 100%

IVUS max. vessel area — IVUS min. vessel area

cc 55

To ensure evaluation of the same arterial segments of PA at
different time points, we used selective angiography and
IVUS. The use of selective pulmonary angiography to deter-
mine the anatomical position of the analyzed PA segment was
previously shown feasible by Lau et al., who used IVUS
technology to assess local elastic properties of the PA in pa-
tients with PAH before and after treatment with bosentan.'”

Statistics

The categorical variables are presented as counts and per-
centages and the continuous variables as medians and inter-
quartile ranges. To compare patients with CTEPH and
controls, we used the Mann—Whitney U test. Parameters of

the PA elastic properties at different time points were
compared with use of the Friedman test with post hoc analysis
with the Wilcoxon matched-pairs signed-rank test.

As evaluation of the local elastic properties requires addi-
tional contrast and radiation usage we adapted power calcu-
lation to limit the number of arterial segments to be assessed
(Supplemental Methods S4).

Spearman correlation was used to estimate the relationship
between CPa and CC, DC and markers of disease severity,
and between CC or DC and mPAP and vessel diameter. To
adjust for multiple comparisons, we used Bonferroni correc-
tion. Interobserver and intraobserver variability of CC and
DC measurements were assessed using the method of Bland
and Altman.”’ The significance level was set at P < 0.05. The
statistical analysis was performed with Stata/SE 12.1 StatCorp
LP and RStudio version 0.99.467 (StataCorp LLC, College
Station, Texas).

Results

Study group

Between January 2015 and June 2017, we treated 541
PA segments including 81 (15%) ring and 351 (65%) web
lesions in 159 (29%) segmental and 382 (71%) sub-
segmental arteries during 103 BPA sessions in 17 patients
with CTEPH, aged 66 (64 to 73) years (men, n = 5 [29%)]).
One (6%) patient had persistent CTEPH after PEA. Nine
(53%) patients were treated with specific medications,
including subcutaneous treprostinil (4 [29%]), riociguat (2
[12%]), and a combination of subcutaneous treprostinil
with riociguat (2 [12%]) or sildenafil (1 [6%]), according to
local availability. The doses of the drugs were stable for at
least 3 months before starting BPA. We did not modify
these therapies during the study period. Baseline character-
istics of the study group compared with controls are pre-
sented in Supplemental Table S1.
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Table 1. Clinical and hemodynamic characteristics of 17 patients with chronic thromboembolic pulmonary hypertension before the first session of
balloon pulmonary angioplasty and 6 months after completing interventional treatment

Variable Before BPA After BPA P value
WHO class: VI/II/IV [n] 0/1/16/0 6/11/0/0 0.001
6MWD [m] 360 [290-390] 393 [350-450] 0.003
NT-proBNP [pg/mL] 1807 [477-2634] 228 [144-722] 0.001
mPAP [mm Hg] 39 [36-49] 29 [22-31] 0.001
RAP [mm Hg,] 4 [3-6] 4 [3-6] 0.10
CI [L/min/m~“] 2.21 [1.85-2.46] 2.45 [2.21-2.80] 0.13
SV [mL] 57 [46-61] 69 [57-80] 0.04
PVR [WU] 9.0 [6.1-11.3] 3.9 [3.5-5.5] 0.001
mvSatO, [%] 59 [57-64] 66 [61-70] 0.01
AoSatO, [%] 90 [88-92] 95 [92-96] 0.002
HR [1/min] 74 [62-80] 67 [56-75] 0.16
CPa [mL/mm Hg] 1.02 [0.70-1.39] 2.08 [1.49-2.38] 0.005
PP [mm Hg] 50 [45-68] 35 [29-44] 0.005

Continuous variables are presented as median and interquartile ranges. AoSatO,, arterial oxygen saturation; CI, cardiac index; CPa, total pulmonary artery
compliance; HR, heart rate; mPAP, mean pulmonary artery pressure; mvSatO,, mixed venous oxygen saturation; NT-proBNP, N-terminal prohormone of brain

natriuretic peptide; PP, pulse pressure; PVR, pulmonary vascular resistance; RAP, mean right atrial pressure; SV, stroke volume; 6MWD, 6-minute walking

distance.

Hemodynamic and clinical effects of BPA at 6-month
follow-up

The median number of BPA sessions per patient was 6 (5
to 8), and the median number of treated segments was 32 (22
to 41). Hemodynamic and clinical data before the first BPA
and at the 6-month follow-up are presented in the Table 1.

BPA safety

Ninety-one (88%) BPA sessions were performed without
clinically significant complications. In 12 (12%) we observed mild
complications,”" as presented in detail in Supplemental Results S1.

CPa and local elastic properties in patients with CTEPH
and controls

In patients with CTEPH, the evaluation of the local elastic
properties was feasible in 102 diseased PA segments (28%) for
which we gained IVUS recordings of a sufficient quality. The
measurements of CC and DC were reproducible as shown in the
Bland and Altman plot in the Supplemental Fig. S5A and B.
The DC and CC were lower in patients with CTEPH than in
controls with normal hemodynamics (DC [%/mm Hg]: 0.33
[0.20t00.47] vs 1.13 [0.82 t0 1.30]; P < 0.001, CC [mm2/mm
Hg]: 0.06 [0.03 t0 0.11] vs 0.13 [0.06 to 0.20; P < 0.001) and
similar to IPAH patients (DC [%/mm Hg]: 0.33 [0.20 to 0.47]
vs 0.27 [0.13 to 0.47], P = 0.25, CC [mm*/mm Hg]: 0.06
[0.03 t0 0.11] vs 0.03 [0.01 to 0.08], P = 0.42).

In patients with CTEPH, the median diameter of the evalu-
ated PA segmentswas 4.1 (3.5 to 5.1) mm with the median vessel
and lumen area of 13.5 (9.4 to 20.2) and 4.4 (3.2 t0 5.9) mm?,
respectively. Both CC and DC correlated with mPAP (r = —
0.26; P = 0.01 for CC and r = —0.38; P = 0.0001 for DC),
whereas only CC, but not DC, correlated with vessel area (r =
0.73; P = 0.0001 for CC and r = 0.10; P = 0.32 for DC).

CPa was assessed in all study participants. It was lower in
patients with CTEPH than in controls with normal hemo-
dynamics (1.0 [0.7 to 1.4] vs 5.1 [4.8 to 7.2] mL/mm Hg;
P < 0.001) and similar to IPAH patients (1.0 [0.7 to 1.4] vs
0.9 [0.5 to 1.2]; P = 0.32).

In the CTEPH group, we observed correlation between
CPa and NT-proBNP (r = —0.73; P = 0.0022) and 6MWD

(r = 0.61; P = 0.01) and also a weak correlation with CC
(r = 0.24; P = 0.02) and DC (r = 0.33; P = 0.001).

In Supplemental Table S2 we compared the indices of local
and total PA compliance among patients with CTEPH,
patients with IPAH, and controls without PH.

Changes of CPa and local elastic properties induced by
BPA

Analysis of CPa in 17 patients showed that CPa increased
from 1.02 (0.70 to 1.39) before the first BPA session to 2.08
(1.49 to 2.39) mL/mm Hg (P < 0.001) at the 6-month FU.

Analysis of each of the 103 BPA sessions (Fig. 2A) showed
that CPa increased immediately after the BPA session and
remained unchanged at the early FU (before the next BPA
session). A similar observation was made for PVR. In contrast,
there was no change in mPAP immediately after BPA, but it
was significantly lower at the early FU. In Supplemental
Fig. S6 we show changes (A values) of CPa, mPAP, and
PVR among the analyzed time points.

After BPA, we observed an increase in the median diameter
(4.1[3.5t05.1] vs 4.3 [3.6 t0 5.3] mm; P=0.001), the median
vessel area (13.5 [9.4 to 20.2] vs 14.3 [10.0 to 22.4] mm?* P=
0.001) and the median lumen area (4.4 [3.2t05.9] vs 5.8 [4.2 to
8.1] mm?; P = 0.001) of the treated PA segments. Local elastic
properties of the 102 treated PA segments exhibited no im-
mediate change after BPA, as shown in Fig. 2B. In 44 (43%)
lesions, for which we were able to perform IVUS examination at
the 6-month FU, we found no change in either DC or CC
(Fig. 2B). The median time between each BPA session (the time
to early FU) was 39 (28 to 52) days.

RC-time

Analysis of 103 BPA sessions showed that the RC-time
did not change immediately after the BPA session
(A = 0.00 [—0.08; 0.09] s; P = 0.61) or at the early FU
examination (A = 0.00 [—0.07; 0.07] s; P = 0.91), as
shown in Supplemental Fig. S7. The RC-time also
remained unchanged when assessed before first BPA ses-
sion and at 6-month FU (0.53 [0.47 to 0.64] vs 0.51
[0.49 to 0.62] s; P = 0.31; Supplemental Fig. S7).
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Figure 2. (A) The effect of each BPA sessions on pulmonary artery compliance (CPa), pulmonary vascular resistance (PVR) and mean pulmonary
artery pressure (mPAP). (B) The effect of BPA on compliance coefficient (CC) and distensibility coefficient (DC) of diseased PA segments. The
median number of BPA sessions per patient was 6 (5 to 8). The solid and dashed lines represent median values and interquartile ranges,
respectively. Thick solid lines represent significant (P < 0.05) changes between 2 adjacent time points.

Discussion
In the current study, we showed that both local and total
compliance of the PA are decreased in patients with

inoperable CTEPH compared with patients without PH.
We further showed that treatment with BPA improved CPa
in proportion to a reduction of PVR despite the lack of
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improvement of local compliance of the treated PA
segments.

Previous studies showed an improvement in CPa after PEA
in patients with operable CTEPH®”* and after BPA in
patients with CTEPH™ and chronic thromboembolic dis-
case.” However, to the best of our knowledge, we are the first
to describe the local PA elastic properties at the segmental and
subsegmental level in patients with CTEPH (the validity and
repeatability of IVUS measurements in PA are discussed in
Supplemental Discussion 1). Previous reports on local PA
compliance were focused only on PAH population'”** and
showed that both CC and DC were decreased compared with
controls without PH. In our study, CC and DC were also
decreased in patients with CTEPH compared with age- and
sex- matched patients without PH. The values of CC and, to a
lesser extent of DC, differ among studies and are difficult to
compare because of differences in mPAP and, especially in the
case of CC,”® owing to a different calibre of the measured PA
segments. However, our study shows that decreased local
compliance of PA is not specific for CTEPH but is a feature of
PH in general. We observed that CC, DC, and CPa were
similar in age-, sex-, and mPAP-matched patients with
CTEPH and IPAH.

Local elastic properties as measured by IVUS are subjective
to improvement in patients with PAH treated with epopros-
tenol as shown by Rodes-Sabau et al.”” but not to bosentan, as
shown in a more recent paper by Lau et al."” In our study,
based on the pressure dependence of the arterial wall stiffness,
we expected both CC and DC to improve after BPA due to
lowering of mPAP, especially at the 6-month FU, as the
mPAP decrease was significant at that point. In fact, both CC
and DC remained unchanged after BPA, which could suggest
a negative effect of BPA on the local elasticity of treated PA
segments. The potential mechanisms of the failure to improve
local elastic properties by BPA include stretching of the vessel
wall and an injury to the elastic lamina by balloon inflation
with high pressure. We propose 2 mechanisms of this effect
(Supplemental Discussion §2).1920:28

Although CC and DC are indices of local arterial
compliance, CPa is a measure of the total compliance of the
lung vasculature. CPa is determined by the prevailing mPAP
and by the elasticity of the PA wall, which is mainly deter-
mined by its content.'” Consequently, CPa can be changed
with or without changes in the intrinsic arterial wall features.
Although worsening of the local elastic properties of a few
segments submitted to BPA would probably not have a sig-
nificant impact on the total CPa, it should be noticed that
BPA treatment requires dilation of several PA segments to
achieve good hemodynamic results. In our study, the median
number of treated segments in a patient was 32 (22 to 41).

Nevertheless, despite a failure to improve local elastic
properties in our study, we observed an increase in CPa after
BPA. We speculate that this improvement was due to the
reduction in mPAP as well as an increased volume of pul-
monary vessels, which were stretched by BPA. It might have
also been attributed to the improvement in endothelial
function of the pulmonary vessels. Studies on systemic cir-
culation showed that the endothelium may influence arterial
stiffness by both short-term and long-term alterations in the
content, or%anization, and function of arterial wall
components.
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Skoro-Sayer et al. showed that the increase in CPa occurred
immediately after the PEA and remained constant during
long-term FU.® This is in line with our findings demon-
strating that the CPa and the PVR improved directly after
BPA and remained constant in the FU. This immediate effect
of BPA on CPa and PVR, however, did not translate into an
immediate decrease in the mPAP. The other authors’” found
that the mPAP decreases no earlier than 5 to 14 days after
BPA.

The RC-time constant is calculated as the product of PVR
and CPa and represents the pressure decay in the PA during
diastole."” Several studies showed that RC-time is constant
over a wide range of severities, etiologies, and treatments of
PH.”" However, recent studies suggest that the RC-time is
decreased in patients with heart failure and increased PA
wedge pressure and in patients with CTEPH and proximal
localization of the organized thrombi.”*”* This means that in
these patients at any given level of PVR the CPa is lower and,
consequently, the RV afterload greater than expected.

Ross et al.”” found that, after PEA, a decrease in PVR was
not matched by an equivalent increase in the CPa, leading to a
decrease in RC-time. The authors speculated that the removal
of tunica intima together with a part of the tunica media of
the PAs with subsequent healing after PEA may not leave the
arterial wall with the same compliance properties as the
normal PA.

In our study, the RC-time was not changed after the series
of BPAs, which means that CPa increased in proportion to a
decrease of PVR. The differences between our findings and
those of Ross et al. may result from the fact that BPA acts
locally and may affect the elastic properties only of the small
arterial segments.

We also found in our study that a higher CPa at baseline
was associated with lower NT-proBNP, and longer 6MWD.
This corresponds with previous observations, in which higher
CPa was related to better RV function.” It has been shown
that exercise tolerance after PEA is strongly related to CPa
improvement.M

Strengths

Our study has several strengths. First our results are novel.
We are the first to describe the local elastic properties of PA in
patients with CTEPH using a direct visualization of the PA
wall. We also presented, for the first time, the changes of the
local PA elastic properties after BPA. Second, we measured
CC and DC, recommended indices of the local elastic prop-
erties,”” using iz vivo imaging with the use of IVUS, a vali-
dated tool to assess arterial morphology reliably. Third, our
study has an important clinical meaning. Considering the lack
of favourable effect of current BPA treatment on the elastic
properties of the treated segments, it evokes further
improvement of interventional techniques in CTEPH.

Limitations

Our study has some limitations. First, our group was
relatively small. However, we aimed to understand the
mechanisms of BPA but not to prove its efficacy or safety,

. 9 . .
which was done by other authors.”” Despite a relatively small
group of patients, we analyzed a large number of arterial
segments. Second, we have chosen for analysis only a fraction
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of all diseased PA segments, in which we obtained a steady
position of the IVUS probe. To immobilize the IVUS probe,
the patient needed to hold breath for a few seconds, and the
operator needed to manipulate the guiding catheter and the
guidewire under fluoroscopy guidance. We consider that the
selection of the segments could have been biased, but it
resulted more from a random effect of anatomic and technical
difficulties rather than from some consistent effect, and it did
not influence our main aim, which was to assess the changes
in the same lesions both before and after BPA. Third, the total
compliance was approximated with the CPa based on the
simplified approach; however, this is a widely used and a
clinically relevant estimate.'>*°

Conclusions

The elastic properties of PAs were decreased in patients
with CTEPH compared with controls, who had normal he-
modynamics. BPA improved total CPa in proportion to a
decrease in pulmonary vascular resistance despite no
improvement in local elastic properties of the treated PA
segments.
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