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ABSTRACT

Objective: To evaluate the prognostic significance of
right ventricular function assessed by echocardiography
after start or escalation of targeted therapy in patients
with pulmonary arterial hypertension.

Methods: Study design: longitudinal study. Setting:
tertiary referral centre for pulmonary hypertension.
Patients: 81 consecutive patients with pulmonary
arterial hypertension (33 naive and 48 prevalent).
Interventions: right heart catheterisation and
echocardiography performed prior to starting or
escalating targeted therapy and repeated in 55 patients
after 4-12 months of therapy. Main outcome measure:
survival after follow-up examinations.

Results: 11 patients died and 7 were lost to follow-up
during the first year; 8 patients underwent first follow-
up evaluation beyond 1 year. 55 patients were re-
evaluated after therapy; during the subsequent follow-
up period of 25 months, 9 patients died, 7 worsened
from WHO /Il to I1I/IV and 15 remained in WHO [11/IV
despite therapy. A baseline tricuspid annular plane
systolic excursion (TAPSE) >15 mm was associated
with a lower risk of death (HR=0.32; 95% Cl 0.12 to
0.83, p=0.012). Attaining a TAPSE>15 mm after
therapy was associated with a significantly lower risk
of death or clinical worsening (HR=0.2; 95% ClI 0.1 to
0.6, p=0.002) and a lower risk of death which
approached statistical significance (HR=0.3; 95% CI
0.2 to 1.1, p=0.075). Per cent changes in TAPSE were
loosely related to changes in pulmonary vascular
resistances after therapy (R=0.37).

Conclusions: In patients with pulmonary arterial
hypertension, the evaluation of right ventricular
function by TAPSE after targeted therapy is useful to
predict subsequent prognosis, regardless of the
haemodynamic effects of therapy.

INTRODUCTION
Haemodynamic parameters assessing right
ventricular (RV) function are important

KEY QUESTIONS

What is already known about this subject?

» Right ventricular function evaluated by cardiac
magnetic resonance or by radionuclide angiog-
raphy at baseline and after targeted therapy is a
crucial determinant of mortality and morbidity in
patients with pulmonary arterial hypertension.

What does this study add?

» The study shows that a readily available measure
of right ventricular function obtained at echocar-
diography has a prognostic role in the follow-up
of patients with pulmonary arterial hypertension,
similar to what has been demonstrated with
more complex imaging techniques.

How might this impact on clinical practice?

» These results may prove very useful to clinicians
given that echocardiography is a less expensive
and more readily available imaging technique
than cardiac magnetic resonance and radio-
nuclide angiography.

determinants of morbidity and mortality in
patients with pulmonary arterial hyperten-
sion (PAH).'™ In recent years, imaging of
RV structure and function by cardiac mag-
netic resonance (CMR) proved to be helpful
to stratify the prognosis of such patients.*™
CMR is in fact considered accurate and
reproducible in the assessment of size,
morphology and function of this cardiac
chamber.” Importantly, it has been shown
that changes in RV ejection fraction in inci-
dent patients receiving targeted therapy
predict long-term outcome, whereas changes
in pulmonary vascular resistance (PVR) do
not, since RV dysfunction may progress
despite treatment-induced decrease in PVR.®
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Similar results were observed in a study which used
radionuclide angiography to measure RV ejection frac-
tion at baseline and 4-6 months after start of targeted
therapy; the study also confirmed that changes in RV
ejection fraction after therapy are not a function of PVR
changes.”

On the basis of these premises, we aimed at evaluating
the prognostic role of echocardiography in the follow-up
of patients with PAH. Several echocardiographic para-
meters have been associated with poor prognosis in
patients with PAH, in particular the readily available
measure of longitudinal excursion of the tricuspid
annular plane (tricuspid annular plane systolic excur-
sion, TAPSE).IO_]8 However, no data have been pub-
lished  showing the usefulness of repeated
echocardiographic evaluations during the follow-up of
such patients. Therefore, we retrospectively evaluated a
cohort of consecutive incident and prevalent patients
with PAH who were hospitalised to perform right heart
catheterisation and tailor medical therapy. The values of
TAPSE and of the ratio of TAPSE to Doppler estimate of
pulmonary artery systolic pressure (PASP) after start or
escalation of PAH-specific therapy were correlated with
the clinical events during follow-up.

METHODS

Patients

The study population includes 81 patients affected by
PAH, diagnosed according to guidelines recommenda-
tions,” aged between 18 and 75 years, admitted to the
Cardiology Division of Policlinico S. Matteo Hospital,
Pavia, from 2000 to 2012. Incident patients were hospita-
lised to complete the diagnostic workup, to perform
right heart catheterisation and to start targeted therapy;
prevalent patients were hospitalised because their clin-
ical conditions were unsatisfactory, in order to perform
right heart catheterisation and thus escalate targeted
therapy. WHO functional class assessment, 6 min walking
test and echocardiography were performed within 24 h
from the haemodynamic evaluation. The investigation
conforms with the principles outlined in the Declaration
of Helsinki. Patients signed an informed consent to
participate in the study approved by the Institutional
Review Board of Fondazione IRCCS Policlinico S. Matteo
for longitudinal, non-pharmacological, non-sponsored
studies, which complies with the Italian legislation
(Codex on the Privacy, D. Lgs. 30 giugno 2003, n. 196).
Despite the retrospective design of the study, all patient
data, including the WHO functional class, were included
in the database at the time of the visit, not ‘a posteriori’.

Echocardiographic examination

A standard M-mode, two-dimensional (2D) and Doppler
study was performed using commercially available equip-
ments (GE Healthcare). The examination included
PASP, TAPSE (measured by M-mode tracing with
2D-echo guidance) and the ratio of TAPSE to PASP, an

index of in vivo RV length—force relationship of prognos-
tic usefulness in heart failure."® PASP was estimated on
the basis of the peak tricuspid regurgitation velocity,
taking into account right atrial pressure evaluated on
the basis of the inferior vena cava diameter and its
respiratory variation. Data on the intraobserver and
interobserver agreement of the most relevant echocar-
diographic indicators of RV function in our laboratory
have been published previously.'®

Six-minute walk test
A non-encouraged test was performed according to the
American Thoracic Society guidelines.*

Right heart catheterisation

Right heart catheterisation was performed using a
balloon-tipped catheter. The following haemodynamic
parameters were measured or calculated: pulmonary
capillary wedge pressure; systolic, diastolic and mean pul-
monary artery pressure; right atrial pressure; cardiac
output, calculated by thermodilution in most cases or by
the Fick method in case of severe tricuspid regurgitation
(whenever the Fick method was used at baseline, the
same method was used at the follow-up examination);
cardiac index, obtained by dividing the cardiac output
by the body surface area; PVR, calculated as (mean pul-
monary artery pressure—pulmonary capillary wedge
pressure) /cardiac output.

Statistical analysis

Descriptive statistics were used to summarise data gath-
ered in the study. For categorical variables, absolute and
relative (%) frequencies were computed; for continuous
variables, means and SDs or medians and IQR were
reported. The inverse Kaplan-Meier method was used to
compute the median follow-up time. Event rates were
reported per 100 persons/year. Cumulative survival was
calculated on the basis of Kaplan-Meier estimates; the
relative risk of having an event (HR) and its 95% CI
were computed using a Cox model. The primary end
point of survival analysis was the combination of (1)
death or (2) worsening of functional status (deterior-
ation by at least one WHO class or (3) persistence of
WHO class III or IV despite therapy start/escalation; the
secondary end point was all-cause death. Survival analysis
was performed in all patients after baseline evaluation
and in the subgroup of patients having a follow-up evalu-
ation after the control evaluation. No data have been
inputed for censored patients. In order to simplify the
clinical interpretation of the statistical results, for the
purpose of this analysis all parameters were categorised.
TAPSE was categorised as >15 or <15 mm and PVR as
>8 or <8 wood units (WU) according to data published
in the literature.® In the absence of published data on
TAPSE/PASP in patients with PAH, this parameter was
categorised according to its median value. To assess
whether the response to therapy at the follow-up visit
was associated with better prognosis, patients were
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considered to have had a successful response in TAPSE
if TAPSE increased above (or did not decrease below)
15 mm and in PVR if PVR decreased below (or did not
increase above) 8 WU. Patients were considered to have
had a successful response in TAPSE/PASP if TAPSE/
PASP increased above (or did not decrease below) its
median value.

The correlation between changes in TAPSE and
changes in PVR was assessed with the Pearson R (and
95% CI) or the Fisher’s exact test on the continuous and
categorical scales, respectively. Bivariable models were
also fitted to account for the combined effect of TAPSE
and PVR favourable responses at 12 months on the com-
bined end point. Stata V.13.1 (StataCorp, College
Station, Texas, USA) was used for computation. A two-
sided p<0.05 was retained for statistical significance.

RESULTS

Patient characteristics and follow-up

The baseline clinical, haemodynamic and echocardio-
graphic characteristics of the total study population are
summarised in table 1. Aetiology was as follows: idio-
pathic in 60%, associated with connective tissue disease
in 24%, associated with HIV disease in 10%, associated
with portal hypertension in 4%, related to use of anor-
exigen drugs in 2% of patients. All patients were in sinus
rhythm. In the entire cohort, the majority of patients
were prevalent patients. Incident and prevalent patients
had substantially similar values of TAPSE values at

Table 1 Total study population (n=81)

Baseline

Age (years) 51+16
Males (n) 30

WHO 1I/1II/1V (%) 43/51/6
BNP (pg/mL) median, 25-75th 204, 67-361
6-MWD (m) 354+127
Naive patients (%) 41

HR (bpm) 79+15
Systolic BP (mm Hg) 124+22
mPAP (mm Hg) 50.6+13.1
Cl (L/min/m?) 2.4+0.6
PVR (dyn/s cm®) 836412
RAP (mm Hg) 8.5+6.2
TAPSE (mm) 15.3+4.2
RVEDD (mm) 36.5+7.3
RVEDA (cm?) 29.5+9.0
RVFAC (%) 27+12
RV wall thickness (mm) 6.4+1.6

Moderate/severe tricuspid regurgitation (%) 59
TAPSE/PASP 0.21+0.10

6-MWD, 6 min walk distance; BNP, brain natriuretic peptide; BP,
blood pressure; Cl, cardiac index; HR, heart rate; mPAP, mean
pulmonary artery pressure; PASP, Doppler estimate of systolic
pulmonary artery pressure; PVR, pulmonary vascular resistance;
RAP, right atrial pressure; RVEDA, right ventricular end diastolic
area; RVEDD, right ventricular end diastolic diameter; RVFAC,
right ventricular fractional area change; TAPSE, tricuspid annular
plane systolic excursion.

baseline, as 69% of patients with baseline TAPSE>15 mm
was prevalent and 55% of patients with baseline
TAPSE<15 was also prevalent. The median follow-up
after baseline evaluation was 36 months (25-75th 31-
56 months). Eleven patients died, one underwent lung
transplantation and was censored from analysis, six were
lost to follow-up, eight were not rehospitalised during
the first year. The clinical, haemodynamic and echocar-
diographic characteristics of the b5 patients who
repeated right heart catheterisation and echocardiog-
raphy within 1year (median interval time 10 months,
minimum 4, maximum 12 months) are shown in table 2.
After treatment, mean pulmonary artery pressure, PVR
and cardiac index improved, whereas right atrial pres-
sure did not change significantly; TAPSE improved and,
importantly, this improvement was associated with a sig-
nificant reduction in the presence and degree of tricus-
pid regurgitation; the improvement in TAPSE /PASP was
of borderline statistical significance.

Per cent changes in TAPSE between baseline and
follow-up were significantly though loosely related to
changes in PVR (R=0.37, 95% CI 0.11 to 0.58, p=0.007;
figure 1). The median follow-up period after the control
examinations was 25 months (25-75th 16-46 months).
During subsequent follow-up, 9 patients died, 7 deterio-
rated by one WHO class and 15 remained in WHO class
III/IV despite start or escalation of targeted therapy.

Prognostic importance of TAPSE and TAPSE/PASP at
baseline

Low TAPSE at baseline (<15 mm) was associated with a
higher risk of death (HR=3.17; 95% CI 1.18 to 8.49,
p=0.012; figure 2). High PVR at baseline (=8 WU) was
not associated with a higher risk of death (HR=0.80;
95% CI 0.35 to 1.82, p=0.594). A TAPSE/PASP value
below the median value of 0.19 mm/mm Hg was not sig-
nificantly associated with a higher risk of death
(HR=1.92; 95% CI 0.83 to 4.55, p=0.118).

Prognostic importance of TAPSE and TAPSE/PASP at
follow-up evaluation
A TAPSE value >15mm at the follow-up echocardio-
graphic evaluation was associated with a lower risk of
death which approached statistical significance (HR=0.3;
95% CI 0.2 to 1.1, p=0.075; figure 3) and a significantly
lower risk of death or clinical worsening (HR=0.2; 95% CI
0.1 to 0.6, p=0.002; figure 4). Of interest, the group of
patients with TAPSE>15 mm (n=30) and the group of
patients with TAPSE<15 mm (n=25) had a substantially
similar proportion of patients with monotherapy or
double combination or triple combination therapy
(respectively 43%, 40% and 17% in the former group and
28%, 47% and 25% in the latter); similar age (respectively
50 and 47 years) and similar aetiology (respectively 50%
and 48% of idiopathic patients with PAH, and 17% and
28% of patients with connective tissue disease).

A PVR value <8 WU at follow-up right heart catheter-
isation was neither associated with a lower risk of death
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Table 2 Follow-up study population (n=55)

8

Baseline After therapy p Value
Age (years) 49+15
Incident/prevalent (n) 25/30
Males (n) 19
WHO 1INV (%) 51/45/4 60/38/2 0.0001
BNP (pg/mL) median, 25-75th 308, 73-423 85, 25-186 0.0004
6-MWD (m) 368+136 400+130 0.0644
Naive patients (%) 45 0
Monotherapy (%) 40 40
Double combination therapy (%) 15 20
Triple combination therapy (%) 0 20
HR (bpm) 77+15 74+13 0.1802
Systolic BP (mm Hg) 123+24 125+17 0.3782
mPAP (mm Hg) 50.1+11.9 46.7+13.5 0.0448
Cl (L/min/m?) 2.4+0.5 2.7+0.8 0.0008
PVR (dyn/s cm®) 820+377 678+338 0.0079
RAP (mm Hg) 8.2+5.6 8.0+4.7 0.7192
TAPSE (mm) 15.5+3.9 16.8+4.1 0.0296
RVEDD (mm) 36.1+8.8 36.1+6.3 0.8346
RVEDA (cm?) 29.3+8.7 28.1+8.1 0.2700
RVFAC (%) 25+9 27+8 0.1539
RV wall thickness (mm) 6.1£1.4 5.9+1.5 0.4797
Moderate/severe tricuspid regurgitation (%) 57 32 0.0001
TAPSE/PASP 0.21+0.10 0.24+0.11 0.0794

6-MWD, 6 min walk distance; BNP, brain natriuretic peptide; BP, blood pressure; Cl, cardiac index; HR, heart rate; mPAP, mean pulmonary

artery pressure; PASP, Doppler estimate of systolic pulmonary artery pressure; PVR, pulmonary vascular resistance; RAP, right atrial
pressure; RVEDA, right ventricular end diastolic area; RVEDD, right ventricular end diastolic diameter; RVFAC, right ventricular fractional area

change; TAPSE, tricuspid annular plane systolic excursion.

(HR=0.68; 95% CI 0.20 to 2.30, p=0.524) nor with a
lower risk of death or clinical worsening (HR=0.62; 95%
CI 0.26 to 1.53, p=0.289).

Succeeding in obtaining TAPSE/PASP  values
>0.19 mm/mm Hg at the follow-up echocardiographic
evaluation was associated with a lower risk of death
(HR=0.3; 95% CI 0.7 to 1.0, p=0.038) and a lower risk of
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Figure 1 Changes in tricuspid annular plane systolic
excursion (TAPSE) versus changes in pulmonary vascular
resistance (PVR). The figure shows a statistically significant
but loose association between changes in TAPSE and
changes in PVR after therapy.

death or clinical worsening (HR=0.3; 95% CI 0.1 to 0.7,
p=0.009).

Relative changes in TAPSE and in PVR were not asso-
ciated with outcome.

In a post hoc bivariable analysis considering both the
changes in TAPSE and the changes in PVR after therapy,
having TAPSE values >15 mm and PVR values <8 WU at

Survival by TAPSE at baseline
1.00 H

0.75

0.50

0.25

TAPSE > 15

p=0.012

TAPSE <15
0.00 -

T T T T T
0 12 24 36 48
months

Number at risk

>15 33 27 19 15 6
=15 48 34 27 16 1

Figure 2 Survival analysis by tricuspid annular plane systolic
excursion (TAPSE) values at baseline. In red, survival curve
for patients with TAPSE values at baseline >15 mm; in blue,
survival curve for patients with baseline TAPSE values

<15 mm.
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Survival by TAPSE at follow-up
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Figure 3 Survival analysis by tricuspid annular plane systolic
excursion (TAPSE) values at follow-up examination. In red,
survival curve for patients with TAPSE values at follow-up

>15 mm; in blue, survival curve for patients with follow-up
TAPSE values <15 mm.

the follow-up evaluation was not associated with a better
outcome than having only TAPSE values >15mm
(p=0.511). Furthermore, the association of reduced PVR
values without improvement in TAPSE at follow-up was
associated with the numerically highest risk of events,
although this did not reach statistical significance (HR
2.32; 95% CI 0.72 to 7.44, p=0.159 vs no change in PVR
and no change in TAPSE).

DISCUSSION

The main finding of the present study is that in a popu-
lation of incident and prevalent patients with PAH start-
ing or escalating targeted therapy, attaining a TAPSE

Event-free survival by TAPSE at follow-up
1.00 +

075 1

0.50 -

0.25 -

TAPSE > 15
TAPSE <15

T T T T T
0 12 24 36 48
months since midterm visit

0.00

Number at risk

>15 25 14 6
<15 30 24 n

3
7

Figure 4 Event-free survival analysis by tricuspid annular
plane systolic excursion (TAPSE) values at follow-up
examination. In red, survival curve for patients with TAPSE
values at follow-up >15 mm; in blue, survival curve for
patients with TAPSE values at follow-up <15 mm.

Pulmonary vascular disease

value above 15 mm after therapy predicts a better long-
term outcome. A deteriorating or persistently low TAPSE
predicts poorer prognosis even if it is associated with a
reduction in PVR. Changes in TAPSE under targeted
therapy are loosely related to changes in PVR.

Prognostic role of RV function in patients with PAH

RV function is known to be a crucial determinant of
mortality and morbidity in patients with PAH. However,
few studies have so far evaluated the effects of targeted
treatment on changes in RV function and its relation-
ship with prognosis. Initial studies using CMR to assess
the structure and function of the right ventricle
included small populations of patients and failed to
demonstrate a clear relationship between changes in RV
function and prognosis.”'~** Recently, in 76 patients with
incident PAH who survived at least 1 year to undergo a
repeated right heart catheterisation and CMR after
beginning of targeted therapy, it was found that changes
in RV ejection fraction predicted long-term outcome
whereas changes in PVR did not; PVR decreased in most
patients after therapy but 25% of those patients with
decreased PVR showed a deterioration of RV ejection
fraction and a poor prognosis.”® Similarly, a study using
radionuclide angiography of the right ventricle showed
that patients with a stable or increased RV ejection frac-
tion at 3-6 months had a significantly lower cardiovascu-
lar mortality.” The take-home message of these two
studies is that RV dysfunction may progress in patients
with incident PAH despite treatmentinduced decrease
in PVR and is associated with high risk despite the
haemodynamic changes which would indicate therapy
efficacy.

Echocardiography is not as accurate as CMR in the
evaluation of RV structure and function; however, its
clinical usefulness resides in being a more widespread
and simpler technique than CMR and radionuclide ven-
triculography. This study evaluates for the first time the
prognostic relevance of two readily available variables
such as TAPSE and TAPSE/PASP in the follow-up of
patients with PAH undergoing targeted therapy. TAPSE
is known to be as a robust index of RV function and the
TAPSE/PASP ratio is a recently suggested index of in
vivo RV length—force relationship, of demonstrated prog-
nostic usefulness in heart failure.'” The study shows that
TAPSE is associated with survival and can track changes
in patients’ clinical conditions. TAPSE/PASP seems a
less powerful prognostic indicator; in fact, it was not sig-
nificantly associated with survival at baseline, although it
was associated with survival after therapy. However,
further exploration of this measurement as a prognostic
marker is justified, since the optimal dichotomous
threshold of TAPSE/PASP in pulmonary hypertension is
still not known; the median value of 0.19 mm/mm Hg
observed in the present series is much lower than the
optimal value reported for prognostic stratification in
patients with heart failure (0.36 mm/mm Hg), in con-
trast with the observation that the optimal prognostic
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cut-offs for TAPSE in heart failure and in pulmonary
hypertension are quite similar (respectively at 14 and at
15 mm).'® ** Interestingly, the absolute values of TAPSE
at follow-up were found to be prognostically useful, not
the relative changes after therapy; this is similar to what
has already been reported for the 6 min walk test in
patients with PAH.* The reason is that despite changes
induced by therapies, absolute values may remain below
the high-risk threshold. Furthermore, the demonstration
of the usefulness of follow-up reassessment of TAPSE was
obtained in a mixed population of incident and preva-
lent patients, starting or escalating targeted therapy;
therefore, the results of this study might apply to the
majority of patients with PAH followed up in pulmonary
hypertension centres. In agreement with previous data,
no strong correlation was observed between changes in
PVR and changes in TAPSE after therapy. The right ven-
tricle is known to adapt its structure and function to the
pulmonary circulation overload and, in fact, impressive
reverse RV remodelling changes have been observed in
patients undergoing either lung transplantation or pul-
monary endoarterectomy.”>*® The mild-to-moderate
reverse remodelling effects exerted by targeted therapies
could, as a first hypothesis, be related to the relatively
modest effect of pharmacological therapy on RV after-
load.? In addition, we still do not know how much
haemodynamic improvement can be considered relevant
to induce functional or structural changes in the right
ventricle. This is partly the consequence of the fact that
the assessment of RV afterload is often imprecise in
routine examinations; in fact, we commonly use PVR
changes to monitor drug effects, although a precise
pathophysiological description of RV overload should
include peripheral resistance, arterial compliance and
the proximal pulmonary artery impedance. Finally, the
absence of reverse remodelling might be the conse-
quence of an insufficient haemodynamic response to
medical treatments, as well as of genetic differences in
the adaptation of the right ventricle to pressure over-
load.” The poor relationship observed between changes
in TAPSE and changes in PVR reinforces the suggestion
that repeated evaluations of RV function are necessary
in the follow-up of such patients to monitor the
response to therapy.

Limitations

First of all, this is a single-centre retrospective analysis of
response to treatment of naive patients or of patients
with unsatisfactory conditions in whom a haemodynamic
and echocardiographic follow-up could be performed
within 12 months after the start or escalation of targeted
therapy. The study therefore included a relatively low
number of patients. However, the sample size was suffi-
cient to answer the predefined objective of the study,
that is, to investigate the prognostic significance of PVR
and TAPSE values during the follow-up. The number of
events also allowed us to fit a bivariable Cox model on
the significance of changes in TAPSE and in PVR. The

combined end point included death and WHO func-
tional class evaluation; persistence of WHO functional
class III or IV after 3 months on therapy is in fact known
to be strongly associated with poor survival in patients
with PAH.?

We acknowledge that larger studies are necessary to
confirm the prognostic significance of changes in echo-
cardiographic markers of RV function, including both
TAPSE and the TAPSE/PASP ratio, the degree of tricus-
pid regurgitation and the diastolic compression of the
left ventricle, the strain indices of RV function and to
test the hypothesis that deterioration or lack of improve-
ment in RV function despite PVR reduction identifies
patients at the highest risk of hard events. Furthermore,
it has to be clarified whether the right ventricle of inci-
dent patients responds better to PAH-specific therapy
than the right ventricle of prevalent patients. Finally,
multicentre studies are definitely needed to define
which technique is most useful to assess changes in RV
function and whether changes in RV function are more
informative than changes in clinical or functional para-
meters or changes in biomarkers.

CONCLUSIONS

After start or escalation of targeted therapy, a simple
reassessment of RV function using TAPSE provides prog-
nostic information substantially unrelated to the haemo-
dynamic effects of therapy on PVR. Imaging of RV
function with echocardiography can be a clinically
useful tool in the follow-up of patients affected by PAH.
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