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Abstract

Background: There are limited data that examine the assessment of subsegmental branches of the pulmonary artery by intravas-
cular ultrasound (IVUS).

Aim: To assess the structural characteristics of pulmonary arteries by IVUS in the setting of severe mitral stenosis.

Material and methods: Twenty-one consecutive patients (3 men and 18 women; mean age: 38 +11 years) who were selected for
percutaneous mitral balloon valvuloplasty entered the study. Subsegmental branches of the right lower lobe pulmonary artery were
imaged by 40 MHz IVUS when the patients underwent right heart catheterization. Minimal lumen diameter (MLD), external elastic
membrane diameter (EEMD), lumen area (LA), and area circumscribed by the external elastic membrane (the total vessel area — TVA)
were measured. From these measurements, wall area (WA = TVA — LA), intima-media wall thickness [IMT = (EEMD — MLD)/2], rela-
tive wall thickness (RWT = IMT/EEMD), and relative wall area (RWA = WA/TVA) were derived.

Results: We were able to perform the IVUS examination in all patients without complications. Several IVUS anatomic indexes
correlated with hemodynamic data. Pulmonary artery IMT, RWT, and RWA correlated significantly with pulmonary artery systolic pres-
sure (r=0.763, p = 0.002; r = 0.698, p = 0.001; r = 0.717, p = 0.006, respectively). However, there was no significant correlation
between ultrasound measurements and echocardiographic parameters of the mitral valve.

Conclusions: The subsegmental branches of the pulmonary artery can be assessed by IVUS. Patients with pulmonary hyperten-
sion in the setting of mitral stenosis have greater pulmonary arterial WT. The severity of WT is correlated with pulmonary artery pres-
sure, but it is not associated with mitral valve area. Intravascular ultrasound may provide useful additional information in the man-
agement of patients with mitral stenosis.
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Streszczenie

Wstep: Przydatnosc ultrasonografii wewnatrznaczyniowej (intravascular ultrasound — IVUS) w ocenie gatezi subsegmentalnych
tetnicy ptucnej byta analizowana w nielicznych badaniach.

Cel: Ocena charakterystyki strukturalnej tetnicy ptucnej za pomoca IVUS u chorych z ciasna stenozg mitralna.

Materiat i metody: Do badania wtaczono 21 kolejnych pacjentéw (3 mezczyzn i 18 kobiet; sredni wiek: 38 +11 lat) kierowanych
do przezskornej plastyki balonowej zastawki mitralnej. Gatezie subsegmentalne odchodzace od prawej tetnicy dolnoptatowej oce-
niano za pomoca IVUS o czestotliwoéci 40 MHz podczas cewnikowania prawego serca. Analizowano minimalna srednice Swiatta
naczynia (minimal lumen diameter — MLD), $rednice zewnetrznej btony elastycznej (external elastic membrane diameter — EEMD),
powierzchnie Swiatta naczynia (lumen area — LA) oraz powierzchnie wytyczong przez zewnetrzng btone elastyczna (catkowita powierzch-
nia naczynia, total vessel area — TVA). Na podstawie tych danych wyliczono powierzchnie Sciany naczynia (wall area — WA = TVA - LA),
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grubos¢ warstw intima-media (intima-media thickness — IMT = (EEMD — MLD)/2), wzgledng grubos¢ Sciany (relative wall thickness —
RWT = IMT/EEMD) oraz wzgledng powierzchnie Sciany (relative wall area — RWA = WA/TVA).

Wyniki: Ocene za pomoca IVUS udato sie przeprowadzi¢ bez powiktarn u wszystkich pacjentéw. Kilka sposréd wskaznikéw ana-
tomicznych ocenianych za pomocg IVUS korelowato z danymi hemodynamicznymi. Warto3ci IMT, RWT i RWA tetnicy ptucnej istot-
nie korelowaty z cisnieniem skurczowym w tetnicy ptucnej (odpowiednio r = 0,763, p = 0,002; r = 0,698, p = 0,001; r = 0,717,

p = 0,006). Mimo to nie stwierdzono istotnych korelacji miedzy pomiarami w IVUS a echokardiograficznymi parametrami oceny

zastawki mitralnej.

Whioski: Gatezie subsegmentalne tetnicy ptucnej moga by¢ ocenione za pomoca IVUS. Pacjenci z nadcisnieniem ptucnym w prze-
biegu stenozy mitralnej majag wieksza grubos¢ sciany tetnicy ptucnej. Grubos¢ tetnicy koreluje z cidnieniem w tetnicy ptucnej, ale
nie z powierzchnia zastawki mitralnej. Ocena za pomoca IVUS moze dostarczyé dodatkowych informacji przydatnych w postepo-

waniu z chorymi ze stenoza mitralna.

Stowa kluczowe: nadcisnienie ptucne, stenoza mitralna, ultrasonografia wewnatrznaczyniowa

Introduction

Pulmonary arterial hypertension (PAH) is a serious com-
plication of rheumatic mitral stenosis (MS). Moreover, ele-
vated pulmonary artery pressure in patients with MS is an
important determinant of intervention. Passive congestion
in addition to the active vasoconstriction and vascular
remodeling are the reported causes of PAH in patient with
MS [1]. Also, presence of vascular remodeling may lead to
limited improvement in pulmonary artery pressure after
the treatment of stenosis [2]. Increased vessel wall thick-
ness both in primary and secondary PAH was shown in
animal and postmortem studies [3, 4]. Intravascular ultra-
sound (IVUS) is a safe and precise diagnostic method for
imaging the vessel wall structures which has led to
the rapid growth of the use of IVUS in the coronary circu-
lation in the past few years. Ultrasound imaging of the pul-
monary artery and its branches in humans also has been
safely performed. However, its clinical use in the more dis-
tal vascular tree, which is responsible for vascular resist-
ance, has been more limited [5].

Aim

We aimed to assess the structural characteristics
of the subsegmental branch of pulmonary arteries by IVUS
in the setting of severe mitral stenosis, and also to evalu-
ate its relation with clinical and echocardiographic param-
eters.

Material and methods
Study population

The study population included 21 consecutive patients
(3 men and 18 women; mean age: 38 +11 years), who were
selected for percutaneous mitral balloon valvuloplasty
(PMBV) on the basis of hemodynamic and echocardio-
graphic criteria. Patients with mild or moderate MS, and
more than mild mitral regurgitation, severe aortic valve
stenosis and regurgitation, left atrial chamber and
appendage thrombi, and also patients with unfavorable
mitral valve anatomy were not included in the study. Addi-
tionally, patients with a history of other diseases and con-
ditions known to cause secondary pulmonary hyperten-
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sion, such as lung disease, deep vein thrombosis and/or
pulmonary emboli, connective tissue disease, and left ven-
tricular systolic dysfunction (left ventricular ejection frac-
tion < 50%), were also not included in the study. The pro-
tocol was approved by the regional scientific ethical
committee, and all enrolled subjects gave informed writ-
ten consent.

Echocardiographic measurements

Echocardiographic examinations were performed by
an experienced cardiologist who was blinded to hemody-
namic and IVUS data of patients. Examinations were per-
formed using a Vingmed System 5 ultrasound system (GE
Medical Systems, Horten, Norway) equipped with a 2.5-
3.5 MHz phased array transducer. M\-mode measurements
included LV end-diastolic and end-systolic dimensions,
interventricular septum, and posterior wall thickness cal-
culations and LA diameter in the parasternal long-axis
view. LV ejection fraction was estimated by modified Simp-
son's rule. Mitral valve area was determined by planime-
try and pressure half-time methods in every patient.
The peak and mean mitral valve transannular pressure
gradients were measured by continuous-wave Doppler.
Systolic pulmonary artery pressure (PAP) was measured
with continuous-wave Doppler. The maximum peak tri-
cuspid regurgitation velocity (V) recorded from any view
was used to determine right ventricular systolic pressure
with the simplified Bernoulli equation (PAP = 4V2 + RAP).
Pulmonary artery systolic pressure was estimated from
the sum of the trans-tricuspid gradient and right atrial
pressure. The final values of all parameters were obtained
after averaging over three cardiac cycles. All patients
underwent a detailed transesophageal echocardiograph-
ic (TEE) evaluation to identify the suitability of valve appa-
ratus for valvuloplasty. Mitral leaflet mobility, valvular and
subvalvular thickening and calcification, degree of mitral
regurgitation, presence of thrombus in left atrium and/or
left atrial appendage, and interatrial septum structure
were assessed by TEE. Transthoracic (TTE) and trans-
esophageal echocardiographic examinations were per-
formed according to the criteria of American Society
of Echocardiography guidelines [6].
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Catheterization and intravascular ultrasound
examination

Right and left heart catheterization and hemodynamic
measurements were performed with standard catheters.
Following these measurements, a 0.014-inch guidewire
was advanced through a 7 F right coronary artery guiding
catheter. The IVUS catheter was advanced over the guide-
wire in the subsegmental branches of the right lower lobe
pulmonary artery (i.e., as far as it was technically feasible to
advance it). We used a 40 MHz intravascular IVUS probe
(Atlantis pro40, Boston Scientific Corporation, Natick, Mas-
sachusetts). All images were recorded on videotape, from
which quantitative analyses were performed. The analysis
and measurements of the intravascular ultrasound record-
ings were obtained by two independent observers, who were
blinded to the hemodynamic data. Minimal lumen diame-
ter (MLD), external elastic membrane diameter (EEMD),
lumen area (LA), and area circumscribed by the external elas-
tic membrane [the total vessel area (TVA)] were measured
at end-diastole. From these measurements, wall area (WA
= TVA - LA), intima-media wall thickness [IM = (EEMD —
MLD)/2], relative wall thickness (RWT = IMT/EEMD), and rel-
ative wall area (RWA = WA/TVA) were derived.

Statistical analysis

Results are presented as mean + SD. Pearson correla-
tion coefficient was used for parametric variables, and
Spearman correlation analysis was used for categorical
variables (version 11.5, SPSS, Chicago, IL). A p value < 0.05
was considered statistically significant.

Results

Clinical and echocardiographic characteristics of the
study population are expressed in Table 1. We were able
to perform the IVUS examination in all patients without
complications (Fig. 1). Several IVUS anatomic indexes
correlated with hemodynamic data (Table 2). Pulmonary
artery IMT, RWT, and RWA correlated significantly with
PAP (r = 0.763, p = 0.002; r = 0.698, p = 0.001; r = 0.717,
p = 0.006, respectively) (Fig. 2). Therefore, greater vas-
cular hypertrophy was associated with more severe pul-
monary hypertension. However, there was no significant
correlation between ultrasound measurements and age,
mitral valve area, mean transmitral pressure gradient,
and left atrial dimension (all p > 0.05).

Table 1. Demographic and echocardiographic char-
acteristics of patients

Tabela 1. Charakterystyka demograficzna i echokar-
diograficzna pacjentéw

Parameter Mean £ SD
Age [year] 38 +11
Mitral valve area [cm?] 1.13 +0.25
Mitral maximum gradient [mm Hg] 22.27 +6.60
Mitral mean gradient [mm Hg] 12.42 +4.58
Left atrial diameter [cm] 4.41 +0.59
Systolic pulmonary artery pressure [mm Hg] 52.10 +14.84

Mean left atrial pressure [mm Hg] by catheterization 21.23 +4.32

2.8 (ed), 2.6 (id) mm

Fig. 1. A - Twenty-one year old female patient presented with hemoptysis; valvular area: 0.85 cm2, mean gra-
dient: 14 mm Hg, systolic pulmonary artery pressure: 71 mm Hg. B — Thirty-seven year old female patient; valvu-
lar area: 1.10 cm2, mean gradient: 21 mm Hg, systolic pulmonary artery pressure: 49 mm Hg

Ryc. 1. A— Kobieta 21-letnia z krwiopluciem: powierzchnia zastawki 0,85 cm?, sredni gradient 14 mm Hg, cisSnie-
nie skurczowe w tetnicy ptucnej 71 mm Hg. B — Kobieta 37-letnia: powierzchnia zastawki 1,10 cm2, Sredni gradient
21 mm Hg, ci$nienie skurczowe w tetnicy ptucnej 49 mm Hg
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Table 2. Intravascular ultrasound findings of pa-
tients

Tabela 2. Dane z ultrasonografii wewngtrznaczy-
niowej u badanych pacjentéw

Parameter Mean + SD
Mean internal diameter [mm] 2.83 +0.60
Mean EEM diameter [mm] 3.32 +0.52
Mean wall thickness [mm] 0.48 +0.30
Relative wall thickness (wall thickness/EEM diameter) 0.14 +0.08
Wall area [mm?2] 1.99 +0.91
Vessel area [mm?] 8.82 +2.74
Relative wall area (wall area/vessel area) 0.25 +0.12

EEM — external elastic membrane
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Fig. 2. Correlation between systolic pulmonary
artery pressure and relative wall area

Ryc. 2. Korelacja miedzy ciSnieniem skurczowym
w tetnicy ptucnej a wzglednq powierzchniq sciany
naczynia

Reproducibility

Interobserver variability of measurements of IVUS
parameters was calculated as the difference in two meas-
urements of the same patient by two different observers
divided by the mean value. Intraobserver variability was
calculated as the difference in two measurements
of the same patient by one observer divided by the mean
value. Intraobserver and interobserver variabilities were
less than 10% for all IVUS parameters.

Discussion

In our study, we showed that patients with pulmonary
hypertension in the setting of mitral stenosis have greater
pulmonary arterial IMT. Moreover, the severity of struc-
tural abnormalities found on IVUS is directly correlated
with hemodynamic findings; however, there is no associ-
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ation between the ultrasound measurements and mitral
valve area and mean transmitral pressure gradient. There
are many causes of pulmonary hypertension which were
divided into five groups according to Word Health Organ-
ization (WHO) criteria. Mitral stenosis, as a left-sided heart
disease, is one of the most common causes of secondary
PAH (WHO group II). Tandon and Kasturi [3] showed that
pulmonary artery intimal edema, fibrosis, and, more impor-
tantly, variable degrees of muscularization, often suggest-
ing the incipient formation of a second media in their study
which included extensive histopathologic examination
of ninety patients and ten cadavers with pulmonary hyper-
tension secondary to severe MS. They also reported that
the arteries and arterioles were often occluded by throm-
bi in various stages of organization, and the freshly formed
channels tended to acquire a muscular lining, arterioles
were muscularized in all cases, and in many there was
a pronounced intimal proliferation. To date, there is only
one study examining the IVUS imaging of patients with
secondary PAH in the setting of MS [5]. This study showed
that there were no differences between the left and right
lungs for all IVUS measurements. In contrast, anatomic
abnormalities were more severe in the lower lobes than in
the upper lobes, as evidenced by differences in the per-
cent WT, and by the ratios of lumen diameter to WT and
of LA to TVA. Furthermore, the authors found that wall
hypertrophy on IVUS was significantly less pronounced in
patients with mitral stenosis despite a trend for higher pul-
monary pressures compared to other patients in their
study. However, they did not provide data on the relation
between IVUS measurement and degree of mitral valve
stenosis. In our study, we did not find any association
between the ultrasound measurements and the degree
of mitral valve stenosis, which is determined by mitral valve
area and mean and maximal pressure gradients; howev-
er, we found that greater vascular hypertrophy was asso-
ciated with more severe pulmonary hypertension. The PAH
is a serious complication of MS, so it is important to learn
what the basic pathophysiology of this disorder is. It can
be derived from the following equation: according to
Ohm’s law, pressure (P) equals flow (Q) times resistance
(R) [pressure differences = Q x R]. Therefore, PAPm — PVPm
= Q x PVR; from this measurement, PAPm = (Q x PVR) +
PVPm (PAPm — mean PAP, PVPm — mean pulmonary
venous pressure, PVR — pulmonary vascular resistance,
Q — cardiac output) was derived. This latter equation clear-
ly shows that the PAP is determined by the cardiac output,
pulmonary vascular resistance, and pulmonary venous
pressure. Left atrial pressure is equal to pulmonary venous
pressure in the absence of a pulmonary venous disease.
The elevated PAP was caused by the increase in left atrial
pressure in the patients with MS. During exercise, the car-
diac output can be increased by increasing either the stroke
volume or the heart rate in a healthy adult; however,
patients with severe MS have a fixed cardiac output where-
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as the left atrial and pulmonary venous pressures are
increased. Eventually, this increase in left atrial pressure
may lead to pulmonary edema. This condition may be com-
pensated by an active pre-capillary response which gives
rise to increased resistance in the pulmonary arterial bed.
This response is most likely a combination of vasocon-
striction and vascular remodeling associated with struc-
tural alterations. The anatomical changes are initially a pro-
tective reflex which may prevent further injury; however,
during the course of time these changes may lead to a sec-
ond stenosis and contribute to the development of PAH
[2, 3]. Pulmonary venous pressure is initially determined
by the afterload parameters, such as mitral valve area,
mean mitral gradient, and left ventricle end-diastolic pres-
sure; and later on, pulmonary artery remodeling leads to
reduced preload and contributes to determination of pul-
monary venous pressure. The extent of pulmonary vas-
cular remodeling correlates with the severity and course
of the pulmonary venous pressure. The response of pul-
monary artery structure, such as endothelium, to elevat-
ed pulmonary venous pressure is also important in this
kind of anatomical changes [7]. The response is affect-
ed by genetic and environmental factors. Moreover,
angiotensin I, endothelin-1, matrix metalloproteinase
enzyme activities, norepinephrine and nitric oxide levels,
sympathovagal modulation, and other (unknown) param-
eters might have appreciable effects on pulmonary artery
remodeling [5, 8-11]. In our study, we did not find any as-
sociation between the ultrasound measurement and
the degree of mitral valve stenosis, as a representative
of increased afterload, and age, as a representative of time
of exposure to increased afterload. This might be consid-
ered as individual variation. This study was performed on
patients with severe MS, namely “secondary stenosis”. In
other words, secondary stenosis formed by remodeling
has become the cause of PAH after passing through
the phase of being the result of PAH. Thus, no relationship
with the parameters of MS was detected but it was found
to be significantly related to PAR In the light of the above-
mentioned data, remodeling may be suggested to be relat-
ed to MS parameters more than PAP in patients in the ear-
ly phase of MS in which secondary stenosis has not
developed. However, this is just speculation and must be
confirmed by a study. Vascular remodeling is not uncom-
mon in patients with MS, and it is related to the absence
of the expected decline in PAP [2]. Thus, determination
of remodeling using IVUS may be beneficial for deciding
on valvular intervention. Remodeling was shown to be
associated with increase of connective tissue in the inti-
ma-media layer, especially in subsegmental branches [11].
In previous studies, 20 MHz and 30 MHz IVUS catheters
were used. In these studies, difficulties in distinguishing
the vascular wall layers and limitations of investigating
the distal branches were reported with the use
of the abovementioned catheters [5, 12-16]. In our study,
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subsegmental branches of the pulmonary artery were eval-
uated with 40 MHz catheters in patients with MS. In this
way, intravascular layers and external elastic membrane
were visualized easily, especially in subsegmental branch-
es that determine the vascular resistance.

In this study, laboratory parameters such as endothe-
lin-1, angiotensin Il and matrix metalloproteinase that may
predict the pulmonary vascular response were not exam-
ined. Genetic and biochemical predictors of individual vari-
ability and the relationship with the degree of remodeling
should be further investigated. The effects of the decrease
of pulmonary venous pressure by treating mitral stenosis
on the pulmonary artery pressure and the thickness of pul-
monary artery subsegmental branches should also be eval-
uated in further studies.

Conclusions

Alterations of pulmonary artery subsegmental branch-
es could be detected by IVUS. Vascular wall thickness
of the pulmonary artery subsegmental branches is
markedly increased in patients with severe MS. This
increased thickness is related to systolic pulmonary artery
pressure but not with mitral valve area, maximum and
mean gradient or left atrial diameter. Mitral valve area and
mean gradient, which are important in the intervention
decision, may not always be useful in defining the disease
severity. Determining increased IMT by the use of IVUS
may be helpful in detecting patients with remodeling and
also in the intervention decision. These findings should be
confirmed with further studies.
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