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— ABSTRACT ~
Background: Pulmonary arterial hypertension (PAH) represents an emerging pathology in modern
medicine. Transthoracic echocardiography is an inexpensive and reproducible method and it is the most
commonly used non-invasive diagnostic tool to asses pulmonary artery pressure (PAP) and the function
of the right ventricle. Although, the right heart catheterization is still considered as the standard for the
diagnosis, according to the last guidelines, the new echocardiographic methods may offer an improved
value in the PAH evaluation.

Aim: To evaluate if cardiac ultrasonography data correlate with catheterization results in patients
with PAH (Group I Dana Point 2008), and to compare the ultrasonography evaluation of PAH patients
with that of normal.

Methods: 15 consecutive patients (pts) (5215 yrs, 5 men, time from onset of symptoms 1.6+1.7
years) with PAH of different aetiologies (12 pts with idiopathic PAH, 2 pts with PAH associated with
scleroderma and one with persistent PAH after atrial septal defect (ASD) closure) were evaluated
through: 1. clinical examination (NYHA class); 2. exercise capacity (6 minute walking test — 6MWT);
3. conventional echocardiography (diameter of right ventricle — RVD and right atrium, fractional area
shortening — FAS, TAPSE, pulmonary ascension time — PA, systolic and mean PAP -sPAP, mPAP,
tricuspid E/A ratio, cardiac index-CI) and 4. Tissue Doppler Imaging — TDI (systolic and diastolic
myocardial velocities at the tricuspid annulus — S, D, A); 5. right heart catheterization (sPAP, mPAP,
CI, pulmonary vascular resistance — PVR)

We compared classical and TDI echo parameters with those obtained from 15 normal subjects, matched
in age and sex.

Results: PAH patients had high sPAP and mPAP with right heart dilation (RV - 44.8+7.3 mm),
depressed TAPSE (16.2+5.9 mm) and cardiac index and low TDI systolic velocities at tricuspid level
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((7.3+2.9 cm/s). All parameters differed statistically significant from normal. There were no signiﬁcanp
correlations between ultrasonography and catheterization (cath) parameters (sSPAP 92+28.2 echo vs.
106.4+25.8 mmHg cath; mPAP 47.9+8.4 echo vs. 65.8+17.3 mmHg cath), excepting for CI 2.3+1.2 I/
min/m? vs. 2.08+0.3 ml/min/m?) and PVR (16.5 + 15.3 Wood U echo, vs. 19.6 + 7.9 cath).

Conclusion: Classic and TDI cardiac ultrasonography represents a good screening and monitoring
tool for PAH patients, but tends to underestimate the severity of the disease, leaving right heart cath-
eterization as the essential diagnostic method for this rare disease.

_/
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INTRODUCTION

ulmonary hypertension (PH) is a he-

modynamic and pathophysiological

condition defined as an increase in

mean pulmonary arterial pressure

(MPAP) =25 mmHg at rest as as-
sessed by right heart catheterization (RHC). It
includes various clinical conditions, grouped
by the Dana Point 2008 classification (1,2). Pul-
monary arterial hypertension (PAH, group 1
Dana Point) is a clinical condition character-
ized by the presence of pre-capillary PH (pul-
monary wedge pressure PWP <15 mmHg), in
absence of other causes such as PH due to lung
diseases, chronic thromboembolic PH, or other
rare diseases (1). PAH includes different forms
that share a similar clinical picture and virtually
identical pathological changes of the lung mi-
crocirculation (1).

As suggested by current guidelines, the as-
sessment of a patient with suspected PH re-
quires a series of investigations necessary to
confirm the diagnosis, establish the clinical
group of PH and, determine the degree of
functional and hemodynamic impairment and
finally to evaluate the prognosis. The workup
includes: electrocardiogram, chest radiograph,
echocardiography, pulmonary function tests
and arterial blood gases, ventilation/perfusion
lung scan, computed tomography (high-resolu-
tion and contrast-enhanced), cardiac magnetic
resonance imaging, pulmonary angiography,
blood tests and immunology, abdominal echo-
cardiography and right heart catheterization
(M).

Among these, for the hemodynamic evalua-
tion, two are widely used in clinical practice:
echocardiography, as screening and monitoring
tool, reliable and non-invasive, and right heart
catheterization, indispensable for establishing a
final diagnosis. Both assessments are well cor-
related with prognosis (1).

Presently, the echocardiographic parame-
ters recommended by the European guidelines
as being useful to quantify PH are the follow-
ing: the peak velocity of the tricuspid regurgita-
tion jet, the right atrial pressure (estimated
based on the diameter and respiratory varia-
tion of the inferior vena cava), the pulmonary
regurgitation velocity, pulmonary acceleration
time, dimensions of the right heart and of the
pulmonary artery, RV thickness, and the shape
and movement of the ventricular septum (1,3).
The estimation of PAP based on Doppler trans-
thoracic echocardiography measurements is
not suitable for screening for mild, asymptom-
atic PH according to are several studies (3).

Modern  echocardiographic  techniques
have penetrated into clinical practice during
the last ten years. Among them, Tissue Doppler
Imaging (TDI) plays a very important role, using
Doppler principles to quantify the velocity of
myocardial contraction (4) and being the first
imaging method to determine in real time the
movement velocities in solid tissue (5,6), there-
fore allowing an accurate evaluation of both
systolic and diastolic function (7,8). In contrast
to conventional Doppler ultrasound, which de-
tects high velocities of small amplitude, TDI
can detect low myocardial velocities, with high
amplitude. For the assessment of right ventricu-
lar function, ultrasonographers use presently
colour guided TDI, with real time analysis of
tricuspid annular velocities and offline analysis
of other RV wall segments. The method is sim-
ple and validated, but different studies have
established different cut off values for RV dys-
function (between 9,5 and 11,5 cm/s for the
tricuspid annular velocities) (8-11).

The 2010 guidelines for the echocardio-
graphic assessment of the right heart in adults
suggest systolic velocities S at the level of the
lateral tricuspid annulus to be very useful for
the evaluation of right heart function (12). A
tricuspid annular systolic velocity S below
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<11.5 cm/s predicts RV dysfunction with a
sensitivity of 90% and a specificity of 85% (8).
Due to the fact that echocardiography is a
non-invasive, feasible, cost efficient imaging
method, easy accessible for patients, we aimed
to evaluate the correlations of cardiac ultraso-
nography data with catheterization results in
patients with PAH, in a medical system where
frequently RHC has limited availability. To fur-
ther emphasise the role of classical and mod-
ern ultrasonography parameters in PAH diag-
nosis, we compared the ultrasonography eva-
luation of PAH patients with that of normal. O

METHODS

Study groups

We studied prospectively 15 consecutive
patients (52%15 yrs, 5 men, time from onset of
symptoms 1.6%1.7 years) addressed to our cli-
nic for the evaluation and treatment of PAH of
different etiologies (12 patients with idiopathic
PAH, 2 patients with PAH associated with
scleroderma and one persistent PAH after ASD
surgical closure). Also, we examined 15 healthy
controls (age and sex matched), recruited from
the local population, without history of signifi-
cant cardiovascular disease or risk factors and
with normal physical examinations. All subjects
were completely informed about the proce-
dures and gave their informed consent.

Subjects from both study groups underwent
a clinical examination and were referred to the
cardiac ultrasonography laboratory, where they
were evaluated by conventional and Tissue
Doppler echocardiography. In PAH patients we
also assessed exercise capacity (through 6MWT)
and they were referred to the catheterization
laboratory, where a RHC was performed.

Echocardiography

All individuals underwent an extensive echo-
cardiographic examination using a commer-
cially available ultrasonography machine
equipped with TDI software, using a 2-4 MHz
transducer (Vivid 7 Dimensions, GE Medical
System, Horten, Norway). Heart rate and blood
pressure were measured just before the study.
The electrocardiogram was recorded simulta-
neously. All measurements were done in accor-
dance with the current guidelines of the Amer-
ican Society of Echocardiography by the same
well trained ultrasonographer (13).
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Through conventional echocardiography
the following parameters were assessed: right
heart dimensions, right ventricular fractional
area shortening (calculated in the apical 4
chamber view as the ratio : {RVTD area- RVTS
area}/RVTD area), tricuspid annular plane sys-
tolic excursion (TAPSE), tricuspid regurgitation
flow velocity and right ventricular-right atrial
gradient, tricuspid diastolic E/A ratio, pulmo-
nary ascension time (PA), systolic pulmonary
artery pressure (based on the transtricuspid
pressure gradient and the right atrial pressure
estimated from the inferior vena cava dimen-
sions) and mean pulmonary artery pressure
(calculated based on the PA, using the formula:
mPAP=79-0,45*PA) as well as cardiac index
(calculated based on the LV outflow tract area
and the aortic time velocity time integral, using
the formula Cl={(LVOT area* aortic VTI)*HR}/
BSA). Pulmonary vascular resistance was deter-
mined using the formula PVR = mPAP/cardiac
output (14).

Off-line pulsed-wave tissue velocity measu-
rements at the level of the lateral tricuspid an-
nulus were made in order to assess longitudinal
right ventricular function. We determined: sys-
tolic velocities S and diastolic velocities ETri
and ATri.

Right heart catheterization

All PAH subjects underwent invasive right
heart catheterization at rest, using a Siemens
AXIOM Sensis XP system. A Swan-Ganz cathe-
ter was inserted via brachial or femoral venous
access in order to assess right chambers and
pulmonary artery pressures (mPAP sPAP and
dPAP) and to obtain oximetry samples. Addi-
tionally, for all the patients, left heart catheter-
ization was performed using a Pig-tail catheter
and pressures and oximetry measurements
were obtained from the left ventricle (LV) and
aorta. For excluding a postcapillary pulmonary
hypertension, both pulmonary wedge pressure
(PWP) and LV end-diastolic pressure (LVEDP)
were determined.

Cardiac output (CO) was determined by the
Fick method, using the oxygen consumption.
Cardiac index (Cl) was calculated with the for-
mula: CI (I/min/m?) = CO (I/min)/body surface
(m?) and pulmonary vascular resistance (PVR)
was calculated as: PVR (Wood units) = mPAP
(mmHg)/ CO(l/min).

All the parameters were expressed as mean
value of three different measurements, accord-
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ing to current recommendations (15,16). Heart
rate and systemic blood pressure were mea-
sured just before the study. The electrocardio-
gram was recorded simultaneously.

Statistical analysis

Statistical analysis was performed with SPSS
software (version 13.0) (SPSS Inc. Chicago, Illi-
nois). Results are presented as mean value =
standard deviation or as absolute number (per-
centage). Differences between groups were
tested for significance using the independent
samples t-test for continuous variables. Univar-
iate Pearson correlation was used to investigate
the relation between cardiac ultrasonography
and RHC parametric variables in the PAH
group. A p <0.05 for a two-tailed test was con-
sidered significant. Bland-Altman analysis was
used for calculating the relative mean differ-
ences (which reflect any systematic change be-
tween examinations) and their standard devia-
tion (which reflects the degree of random
variation in the measurements) between paired
measurements through ultrasonography or
RHC. Ninety-five percent confidence limits of
a single estimate of the measurements were
calculated as 2*SD/V2, and reported as abso-
lute values and percentages from the mean
value (17). Q4

dilation; also they had a depressed TAPSE and
a low cardiac index.

Tissue Doppler Imaging

Myocardial velocities at the level of the tri-
cuspid annulus, assessed through Tissue Dop-
pler imaging and interpreted offline are shown
in Table 3. Systolic myocardial velocities were
significantly lower in the PAH group, suggesting
right heart systolic dysfunction in these pa-
tients. Also diastolic velocities were lower in
the PAH group, with a modified E/A ratio, indi-
cating the alteration of the right ventricular dia-
stolic function.

Right heart catheterization and correlations
with cardiac ultrasonography

Parameters determined through right heart
catheterization had the following values: mPAP
65.8 = 17.3 mmHg, sPAP 106.4 = 2 5.8
mmHg, PVR 19.6 = 7.9 Wood Units, Cl 2.08
= 0.3 ml/min/m?. All patients had a PWP and/
or LVEDP <15 mmHg.

Using univariate analysis we investigated
the correlations between some of the cardiac
ultrasonography and RHC parameters. No sta-
tistically significant correlation was observed
for mPAP and sPAP between values determined
through the two methods: for mPAP r=0.55,

RESULTS
. PAH Controls P value
Subjects
. o Age (yrs) 520+15.0 604+7.6 NS
Baseline characteristics of the study groups — BMI (kg/m?) 279+53  27.0+52 NS
are showed in Table 1. There were no signifi- SDystolilc B}I;P(I(ané)) 1231 ;5 17237 11119 88;
. iastolic mmHg e st d
cant differences between the two groups for gl b o) 9419 67 + 8 0.05

age or body mass index, but as expected, PAH
patients had a lower arterial blood pressure
and a higher heart rate than controls. In the
PAH group, mean NYHA class was 3, and mean
6MWT was 407.1 meters. PAH patients had no
specific treatment at the enrolment in our

TABLE 1. Demographical characteristics of the study groups.
* BP = blood pressure; BMI = body mass index.

Parameter PAH Controls P value

. . . RV transversal diameter (mm) 44.8 +7.3 30.9 + 3.2 0.01

study, our examination being part of the diag-  RA transversal diameter (mm) 428+62  350x4.1 0.01
nostic algorithm. RV free wall (mm) 64+23 40+1.3 0.05
TAPSE (mm) 16.2 +5.9 239+23 0.01

. . FAS (%) 428 +5.6 31.7 +6.5 0.01
Conventional echocardiography PA (mm) 718+429 1078=175 001
. . mPAP (mmHg) 479 + 84 16.8+9.1 0.01
Conventional rlght heart parameters are  gpAp (mm Hg) 906+281 227+77 0.01
showed in Table 2. As expected, all parameters  Tricuspid E/A ratio 12+05 08+02 005
Cardiac index (ml/min/m?) 23+1.2 3.0+£09 0.05

assessed were statistically significant different
between the 2 study groups, with parameters
in the PAH group way out of reference values
suggested by current guidelines (8). PAH pa-
tients had high sPAP and mPAP with right heart

TABLE 2. Right heart structural and functional parameters (standard
echocardiography, mean + SD).

* RV = right ventricle; RA = right atrium; TAPSE = tricuspid annular plane
systolic excursion; sPAP = systolic pulmonary artery pressure; mPAP = mean
pulmonary artery pressure.
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STDI tricuspid annulus (cm/s) 74+30 102+18 0.01
i]Bsgateral tricuspid annulus 47429 87418 0.01
ézslsiateral tricuspid annulus 87439 99422 0.01
ETDI/ATDI ratio 06+02 09=x05 0.05

TABLE 3. RV myocardial velocities (TDI echocardiography, mean =

SD).

sPAP (mmHg) 92.6+28.1 1064+258 055

mPAP (mm Hg) 479+84 658+173 051
Cardiacindex(ml/ 53,15 21:03 0.80 0.01
min/m?)

PVR (Wood U) 165153 196+79 085 0.01

TABLE 4. Correlations between echocardiographic and RHC

parameters.

p=0.1, and for sPAP r=0.51, p=0.1 (Table 4,
Figure 1). Cardiac ultrasonography tends to un-
derestimate PAP values. Cardiac index deter-
mined echocardiographically had a good cor-
relation index with cardiac index through RHC:
2.3 £ 1.2 for cardiac ultrasonography, vs. 2.1
+= 0.3 for RHC, r=0.80, p=0.01 (Table 4, Fig-
ure 1). Also, PVR, determined echocardio-
graphically using the formula mPAP/cardiac
output, had significant correlation with PVR
determined through RHC: 16.5 = 15.3 for car-
diac ultrasonography, vs. 19.6 = 7.9 for RHC,
r=0.85, p=0.01 (Table 4, Figure 1). Variability
between ultrasonography and RHC measure-
ments, calculated through Bland Altman analy-
sis was very high for sPAP and mPAP (sPAP =37
mmHg, +36%, mPAP +21 mmHg, +38%),
but was satisfactory for Cl (£14%, =0.3 |/min/
m?) and PVR (+12.5%, =2.3 Wood U). Q

DISCUSSION

ulmonary arterial hypertension is a rare con-

dition, but with high morbidity and mortali-
ty if untreated, comparatively with PH, a rather
common hemodynamic condition. After a clin-
ical suspicion, the steps towards final diagnosis
include multiple imaging techniques, among
which cardiac ultrasonography is the most fea-
sible and cost efficient (1). Nevertheless, there
are several studies suggesting the fact that
echocardiography doesn’t have the necessary
accuracy in calculating both systolic and mean
pulmonary artery pressure, with diagnostic er-
rors in up to 20% of cases and that RHC re-
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mains unavoidable for the definitive diagnosis
and for establishing therapeutic indications (3,
18-20). In addition, RHC remains the investiga-
tion of choice for excluding the post-capillary
PH, perhaps the most important diagnostic
challenge, by measuring the PWP.

Cardiac ultrasonography seems to be very
useful in monitoring pulmonary hypertension
patients and especially their cardiac function
(21-23). Modern techniques allow a more ex-
tensive assessment of right ventricular function
(24-26). Until the last decade, RV function had
as gold standard for its evaluation cardiac MR,
which remains inaccessible and with high costs.
The use of emerging ultrasonography tech-
niques, such as TDI and lately Speckle tracking
or 3D echocardiography, have introduced into
clinical practice new parameters for the direct
and indirect quantification of the right heart
function, despite its complex anatomy (26,27).
These are good news for patients with right
heart pathology, especially PAH, due to the fact
that therapeutic effects can be now monitored
comprehensively noninvasively (27).

In our country the access to RHC is limited
thus the importance of good case-selection for
RHC indication. Also, the use of RHC for mon-
itoring PAH therapy, as recommended by cur-
rent guidelines, is limited to a few difficult cas-
es. That is why, a complex echocardiographical
approach of PAH and its impact on the right
heart becomes mandatory. Our study had as
main purpose to compare classical and mod-
ern TDI parameters in PAH patients to those of
controls, in order to confirm their sensitivity for
diagnosis and also, as an additional aim, we
wanted to compare ultrasonographic pulmo-
nary hemodynamic measurements to those ob-
tained through RHC, in order to re-evaluate
the usefulness of the latter in PAH diagnosis.

The Romanian National Program for the
Treatment of PAH became available in 2008.
Patients with idiopathic PAH, PAH associated
with congenital heart diseases, connective tis-
sue diseases, HIV and inoperable or residual
chronic thromboembolic PH are treated with
sildenafil or bosentan in monotherapy and se-
vere patients receive double oral combination
therapy. 5 centers for adult patients and 4 cen-
ters for pediatric patients are included in the
PAH program with a total number of patients
treated in 2012 of 254.

The treatment indication requires right
heart catheterization with measurements of
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FIGURE 1. Statistical correlations for mPAP, sPAP, cardiac index and PVR, echocardiography vs right
heart catheterization (Pearson correlations).

mPAP, PWP and cardiac output for all patients.  targeted treatment effects on RV structure and
Echocardiography remains the most utilized in-  function, without the use of costly or invasive
vestigation for disease monitoring since RHC is  methods. In the future we intend to provide
limited to a few centers and cardiac MRI is  data from follow-up (every six months), further
practically inaccessible. investigating the association between echocar-

Our clinical findings, combining data from  diography and RHC and, if possible providing
all subjects, confirmed the fact that ultrasonog-  data about RV function during therapy and
raphy is a very useful tool for the determination  about correlations between RV function and

of systolic and mean pulmonary artery pres-  changes in functional class and exercise capac-
sures as well as for the assessment of RV func- ity.

tion, with values significantly modified in PAH For now, our study results confirm other
patients compared to controls age and sex mat-  data from literature, demonstrating the useful-
ched. Unfortunately, when compared to RHC,  ness of echocardiographic tools — conventional
echocardiography had very different results 54 modern, such as TDI — for the non-invasive
concerning mPAP and sPAP measurements 5 rapid detection of PAH and right heart dys-
(variability of over 35%), with satisfactory mea-  fnction (1,22-27). The limited correlation be-
surement agreement only for ClI (variability of  \yeen echocardiographic and RHC measure-
14%). Cardiac ultrasonography tends to under- | ts suggest once more that RHC is mandatory
estimate PAP values. Also, RHC, through the (5 5 definitive diagnosis in PAH patients and
detection of PVR a.nd PWP offers a more COM= " that cardiac ultrasonography should remain a
plete hemodynamic profile of the PAH patient. screeningand monitoring method (3,16,20,21).
Both methods may offer important prognostic
parameters, for RHC - CI, PVR and RA pressure

The present study has been designed to and for echocardiography - RA diameter,
provide additional information that may accel-  TAPSE, presence of pericardial effusion which
erate PAH diagnosis and may quantify PAH-  together with exercise tolerance tests and

Clinical implications
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NYHA class have a major impact on PAH treat-
ment management. Follow up data are needed
and other echocardiographic parameters, such
as Speckle Tracking or 3D echocardiography
should be evaluated extensively.

Study limitations

The limits of our study are given first of all
by the used methods (conventional echocar-
diography, TDI, and RHC) - but measurements
were made according to the current guidelines,
the methods are validated and have a good in-
tra - and inter - observer agreement. Also, we
have a small number of patients (rare patholo-
gy, patients benefit from cardiac ultrasonogra-
phy and RHC in various laboratories, enrol-
ment includes only subjects with a standardized
protocol), but this is a pilot study, with results
already statistically significant, and enrolment
on going. The patients have severe forms of
PAH; therefore we couldn’t evaluate the im-
pact of echocardiography in the diagnosis of
borderline pulmonary hypertension values. Q

CONCLUSION

he present study confirms the utility of mo-

dern echocardiographic parameters for the
non-invasive evaluation of the right heart in
PAH. Regarding the correlations between echo-
cardiography and RHC measurements, cardiac
ultrasound is less reliable for assessing pressures
in severe PAH but seems to offer correct data
for cardiac index and PVR.

Nevertheless RHC offers a more accurate
and complete hemodynamic profile of the PAH
patient and remains mandatory for the final di-
agnosis.

We intend to further evaluate the associa-
tion between echocardiography and RHC ex-
tending our study group also to “border-line”
PAH and testing as well more cardiac ultra-
sound parameters.
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