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Background Epidemiology and treatment strategies continue to evolve in pulmonary arterial hypertension (PAH). We

sought to define the characteristics and survival of patients with idiopathic, heritable and drug-induced

PAH in the current management era.

Methods Consecutive cases of idiopathic, heritable and drug-induced PAH were prospectively enrolled into an
Australian and New Zealand Registry.
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Results Between January 2012 and December 2016, a total of 220 incident cases were enrolled (mean age

57.2 � 18.7 years, female 69.5%) and followed for a median duration of 26 months (IQR17–39). Co-morbid-

ities were common such as obesity (34.1%), systemic hypertension (30.5%), coronary artery disease (16.4%)

and diabetes mellitus (19.5%). Initial combination therapy was used in 54 patients (dual, n = 50; triple,

n = 4). Estimated survival rates at 1-year, 2-years and 3-years were 95.6% (CI 92.8–98.5%), 87.3% (CI 82.5–

92.4%) and 77.0% (CI 70.3–84.3%), respectively. Multivariate analysis showed that male sex and lower 6-

minute distance at diagnosis independently predicted worse survival, whereas obesity was associated with

improved survival. Co-morbidities other than obesity did not impact survival. Initial dual oral combination

therapy was associated with a trend towards better survival compared with initial oral monotherapy

(adjusted HR = 0.27, CI 0.06-1.18, p = 0.082)

Conclusions The epidemiology and survival of patientswith idiopathic PAH inAustralia andNewZealand are similar to

contemporary registries reported in Europe and North America. Male sex and poorer exercise capacity are

predictive of mortality whereas obesity appears to exert a protective effect. Despite current therapies, PAH

remains a life-threatening disease associated with significant early mortality.

Keywords Pulmonary arterial hypertension � Pulmonary hypertension � Survival
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Introduction
Pulmonary arterial hypertension (PAH) is a rare cardiopul-

monary disease with an estimated prevalence of 15 to 150 per

million [1–4]. The importance of registry data to document

outcomes in uncommon conditions such as PAHwas already

recognised in the 1980s when the first PAH registry (formerly

termed primary pulmonary hypertension) was conducted by

the National Institutes of Health (NIH) [5]. Since the NIH

registry, multiple national and international registries have

reported baseline characteristics and outcomes in the era of

targeted PAH therapy [2,3,6–10]. These registries have been

pivotal in providing important insights regarding the evolv-

ing epidemiology, treatment patterns, and survival of PAH

[11].

In the past decade, pharmacotherapy has improved and

efficacious agents targeting multiple disease pathways are

now available. Combination therapy is now considered the

standard of care for the majority of PAH patients [12]. Impor-

tantly, data from the recent Ambrisentan and Tadalafil in

Patients with Pulmonary Arterial Hypertension (AMBI-

TION) study [13], which compared first-line therapy with

ambrisentan plus tadalafil versus either drug alone, demon-

strated that initial combination therapywas associatedwith a

reduction in clinical failure events. Similarly, sequential com-

bination therapy has also been demonstrated to improve

outcomes [14,15]. Since treatment approach in PAH contin-

ues to change as new evidence emerges from clinical trials,

there is an ongoing need for registries to assess outcomes and

survival based on current clinical practice strategies.

The Pulmonary Hypertension Society of Australian and

New Zealand (PHSANZ) Registry was established in 2011 to

delineate the clinical characteristics, management, and out-

comes of pulmonary hypertension (PH) patients treated at

specialist centres across Australia and New Zealand. In this

report, we describe the characteristics and outcomes of a

cohort of patients with newly diagnosed idiopathic, heritable

and drug-induced PAH in the current treatment era.
Please cite this article in press as: Strange G, et al. Survival of Id
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Methods
The PHSANZ Registry collects data from patients with all

subgroups of PH, although the primary target population is

Group 1 PH. The PHSANZ registry commenced data collec-

tion in December 2011. Both prevalent and incident cases are

included, and baseline data for patients diagnosed prior to

December 2011 were collected retrospectively. A total of 16

Australian and two New Zealand centres contribute to the

PHSANZ registry. All data are entered into the Registry

database using a PH specific software platform. Ethical

approval for the use of de-identified data was sought, and

the protocol was reviewed and approved by the institutional

review board of each participating centre.

For the present study, consecutive incident cases of idio-

pathic, heritable and drug-induced PAH (age � 16 years)

diagnosed between 1 January 2012 and 31 December 2016

were included for analysis. The designation of PAH subtype

according to the current clinical classification [16] was based

on the diagnosis provided by the treating physician. In addi-

tion, PAH was defined haemodynamically by a mean pul-

monary artery pressure �25 mmHg and pulmonary artery

wedge pressure or left ventricular end diastolic pressure

�15 mmHg. As a requirement for government subsidised

PAH therapy, patients were required to have a baseline right

heart catheterisation (RHC), six-minute walk test (6MWT)

and transthoracic echocardiography. Date of diagnosis cor-

responded to the date when the patient attended evaluation

at the participating centre and was confirmed to have PAH

with RHC. Pulmonary arterial hypertension therapy was

given at the discretion of the treating physician. Since

2012, the majority of approved PAH agents were available

in Australia and New Zealand including endothelin receptor

antagonists, phosphodiesterase type-5 inhibitors, and pros-

tacyclin derivatives. In Australia, only PAH monotherapy is

currently funded by the government, and access to combi-

nation therapywas via either compassionate access (industry

or hospital support), and/or self-funding by patients.
iopathic Pulmonary Arterial Hypertension Patients in the
ulation (2017), http://dx.doi.org/10.1016/j.hlc.2017.08.018
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Statistical Analysis
Continuous variables are expressed as mean � SD unless

otherwise stated. Survival analysis was performed using

Kaplan-Meier analysis. Univariable Cox proportional hazard

model was used to test baseline variables that were associ-

ated with survival, followed by multivariable Cox PH anal-

ysis to examine the independent effect of selected variables

on survival, controlling for possible confounders. The inter-

val from diagnosis to death was censored at the last date the

subject was known to be alive. A p-value of <0.05 was

considered to be statistically significant. Statistical analyses

were performed using R statistical language.
Results

Study Population
Among 3,240 patients enrolled in the PHSANZ registry, a

total 920 patients had a primary diagnosis of idiopathic,

heritable and drug-induced PAH. Of these, 256 were first

diagnosed after 1 January 2012 and were eligible for study

inclusion. Following exclusion of paediatric cases with age

<16 years (n = 6), patients who did not fulfil haemodynamic

criteria for PAH (n = 10), and patients with missing RHC

data (n = 20), a total of 220 consecutive incident cases of

idiopathic (n = 200), heritable (n = 13) and drug-induced

PAH (n = 7) were included for analysis in the present study

(Figure 1).
Figure 1 Flowchart of study population.

Please cite this article in press as: Strange G, et al. Survival of Id
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Baseline demographics and clinical characteristics are

summarised in Table 1. Mean age at diagnosis was

57.2 � 18.7 years, with 98 (44.5%) patients above the age of

65 (Figure 2). Female to male gender ratio was 2.2 to 1.

Median duration from symptom onset to diagnosis was

376 days (IQR 176–735).

Co-morbidities were commonly found which included

systemic hypertension, ischaemic heart disease, diabetes

mellitus, and sleep apnoea (Table 1). The mean body mass

index (BMI)was 28.9 � 6.6 and 34.1%were classified as obese

(BMI >30 kg/m2), and 11.4% of patients had three or more

risk factors for left heart disease (defined as systemic hyper-

tension, diabetes mellitus, ischaemic heart disease and obe-

sity). The majority of patients were diagnosed in advanced

New York Heart Association Functional Class status (FC 3:

78.0%, FC 4: 10.5%) with a mean 6-minute walk distance of

293.0 � 144.1 m. Right heart catheterisation at diagnosis was

consistent with severe precapillary pulmonary hypertension

(Table 1).

Initial Targeted PAH Therapy
A record of initial strategy with targeted PAH agents was

available in 205 patients. Fifteen patients were excluded from

further analysis for the following reasons: five patients did

not have medication information available, four patients

were enrolled in blinded clinical trials and six patients were

started on calcium channel blockers due to the presence of

acute vasoreactivity. If two or more PAH-specific drugs were

started within 30 days of each other, this was considered as
iopathic Pulmonary Arterial Hypertension Patients in the
ulation (2017), http://dx.doi.org/10.1016/j.hlc.2017.08.018
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Table 1 Baseline characteristics at diagnosis.

Population (N = 220)

Age, years 57.2 � 18.7

Gender, Female:Male 2.2:1

Body mass index, kg/m2 29.2 � 6.4

Diagnosis, %

Idiopathic PAH 90.9%

Drug-induced 5.9%

Heritable 3.2%

Co-morbidities, %

Obesity BMI >30 kg m2 34.1%

Hypertension 30.5%

Diabetes mellitus 19.5%

Coronary artery disease 16.4%

Sleep apnoea 18.6%

Peripheral vascular disease 3.6%

WHO FC, %

1 0.5%

2 11.0%

3 78.0%

4 10.5%

6MWD, m 293.0 � 142.1

Haemodynamics

mPAP, mmHg 45.8 � 14.0

RAP, mmHg 9.2 � 5.0

PAWP, mmHg 10.3 � 3.6

CO, L/min 4.5 � 1.7

CI, L/min/m2 2.4 � 0.8

PVR, Wood units 9.5 � 6.1

Abbreviations: PAH = pulmonary arterial hypertension, BMI = body mass

index; WHO FC =World Health Organisation Functional Class; 6MWD =

six-minute walk distance; mPAP =mean pulmonary artery pressure; RAP =

right atrial pressure; PAWP = pulmonary artery wedge pressure; CO = car-

diac output; CI = cardiac index; PVR = pulmonary vascular resistance.

Table 2 Initial PAH treatment strategy.

Treatment Strategy Population (N = 205)

Initial Monotherapy 151 (73.7%)

ERA 105 (51.2%)

PDE5i 46 (22.4%)

Initial combination therapy 54 (26.3%)

ERA + PDE5i 43 (21.0%)

PGI2 + ERA 2 (1.0%)

PGI2 + PDE5i 5 (2.4%)

PGI2 + ERA + PDE5i 4 (2.0%)

Abbreviations: ERA = endothelin receptor antagonists; PDE5i = phospho-

diesterase type 5 inhibitor; PGI2 = prostacyclin derivative.

4 G. Strange et al.
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initial PAH combination therapy. Initial PAH monotherapy

was given in 151 patients (73.7%), initial PAH dual combi-

nation therapy in 50 patients (24.4%) and initial PAH triple

combination therapy in four patients (2.0%). Initial PAH
Figure 2 Age distribution of study population.

Please cite this article in press as: Strange G, et al. Survival of Id
Modern Era in Australia and New Zealand. Heart, Lung and Circ
treatment strategy according to drug classes are provided

in Table 2. Overall, the most common first-line PAH therapy

was monotherapy with an endothelin receptor antagonist

(ERA), and the most common initial combination therapy

regimen was ERA plus phosphodiesterase type-5 inhibitor

(PDE-5i).

Survival
A total of 40 patients died during a median follow-up period

of 26months (IQR 17–39). Kaplan-Meier survival estimates at

1-year, 2-years and 3-years were 95.6% (CI 92.8–98.5%),

87.3% (CI 82.5–92.4%) and 77.0% (CI 70.3–84.3%), respec-

tively (Figure 3). Older age, male gender, lower 6-minute

walk distance, and NYHA FC 4 were significantly associated

with worse survival on univariate analysis. On multivariate
Figure 3 Kaplan-Meier survival curve of study popula-
tion. Estimated 1-yr, 2-yr and 3-yr survival rates were
95.6% (CI 92.8–98.5%), 87.3% (CI 82.5–92.4%) and 77.0%
(CI 70.3–84.3%), respectively. Dotted line represents the
95% CI.

iopathic Pulmonary Arterial Hypertension Patients in the
ulation (2017), http://dx.doi.org/10.1016/j.hlc.2017.08.018
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Table 3 Cox proportional hazard model of predictors of survival.

Variable Univariate HR 95% CI P value Multivariate HR 95% CI p Value

Age 1.04 1.02–1.06 0.0004 1.02 0.99–1.05 0.16

Gender female 1.0 1

male 2.04 1.09–3.82 0.025 4.22 1.86–9.61 0.0006

WHO FC

1/2 1 1

3 4.65 0.63 –34.08 0.132 1.05 0.12–9.05 0.97

4 12.27 1.50–100.02 0.019 1.82 0.17–19.3 0.62

6MWD 0.99 0.99–1.00 <0.0001 0.99 0.99–1.00 0.0012

Haemodynamics mPAP 1.001 0.98–1.02 0.917 1.03 0.99–1.07 0.12

RAP 1.05 0.98–1.11 0.147 1.02 0.93–1.12 0.61

PAWP 1.09 1.00–1.20 0.057 1.08 0.94–1.23 0.25

CI 1.24 0.88–1.74 0.224 1.15 0.79–1.68 0.46

Abbreviations: WHO FC = World Health Organization; 6MWD = six-minute walk distance; mPAP = mean pulmonary artery pressure; RAP = right atrial pres-

sure; PAWP = pulmonary artery wedge pressure; CI = cardiac index; HR = hazard ratio. Significant results are highlighted in bold.
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analysis, only male gender and 6-minute walk distance

remained as independent predictors of survival (Table 3).

Impact of Co-Morbidities on Survival
The presence of co-morbidities such as systemic hyperten-

sion, coronary artery disease and diabetes did not impact on

survival. However, obesity was associated with improved

survival, following adjustment for sex and baseline 6MWD

(adjusted HR 0.92, 95% CI 0.87–0.98, p = 0.008) (Table 4).

Initial Treatment Strategy and Survival
For patients who were started on initial monotherapy, there

was no significant difference in survival according to

whether ERA (n = 105) or PDE5i (n = 46) was used as the

first-line agent (adjusted HR for PDE5i = 1.65 CI 0.72–3.82),

following adjustment for sex, 6MWD and BMI (Figure 4A).

Patients whowere initiated on oral dual combination therapy

(ERA and PDE5i, n = 43) displayed a non-significant trend
Table 4 Impact of Comorbidities on survival.

Co-morbidity Adjusted

Hypertension 1.12

Obesity 0.91

Diabetes mellitus 1.39

Coronary artery disease 1.11

�3 co-morbidities vs. <3 co-morbidities* 1.12

*Co-morbidities include hypertension, obesity, diabetes mellitus and coronary ar

Significant results are highlighted in bold.

Please cite this article in press as: Strange G, et al. Survival of Id
Modern Era in Australia and New Zealand. Heart, Lung and Circ
towards improved survival compared to patients who were

initiated on monotherapy (ERA or PDE5i; n = 151) (adjusted

HR for combination therapy = 0.27, CI 0.06–1.18, p = 0.082)

(Figure 4B).
Discussion
Our study represents the first report of the baseline character-

istics, initial treatment strategy and survival of an incident

cohort of idiopathic, heritable and drug-induced PAH

patients managed in Australia and New Zealand. Although

our data suggest that survival in the current era is substan-

tially better than in historical control series from earlier

registries, PAH remains a disease associated with a signifi-

cant rate of early mortality.

In our present cohort of patients diagnosed between 2012

and 2016, we found 1- and 3-year estimated survival rates of
HR 95% CI p Value

0.54–2.34 0.75

0.85–0.97 0.003

0.64–3.01 0.41

0.48–2.57 0.80

0.52–2.42 0.77

tery disease. Hazard ratio adjusted for sex and six-minute walk distance.

iopathic Pulmonary Arterial Hypertension Patients in the
ulation (2017), http://dx.doi.org/10.1016/j.hlc.2017.08.018

http://dx.doi.org/10.1016/j.hlc.2017.08.018


Figure 4 Crude Kaplan-Meier survival stratified by initial treatment strategy. Initial ERA monotherapy (n = 105) versus
PDE5i monotherapy (n = 46) (A); and initial oral dual combination therapy (ERA + PDE5i) (n = 43) versus monotherapy
(ERA or PDE5i) (n = 151) (B). Hazard ratios are adjusted for sex, body mass index, and six-minute walk distance.
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96% and 77%, respectively. In comparison, the French regis-

try [6] reported 1- and 3-year survival rates of 86% and 55%,

respectively, for a similar incident cohort of idiopathic, heri-

table and anorexigen-induced PAH patients diagnosed

between 2002 and 2003. More recently, the Registry to Eval-

uate Early and Long-Term Pulmonary Arterial Hypertension

DiseaseManagement (REVEAL) registry found 1-year and 3-

year survival rates of 91% and 74%, respectively, for idio-

pathic/heritable PAH enrolled between 2006 and 2009 (Table

5) [17]. It is conceivable that our slightly higher survival rates

reflect a more contemporary treatment approach where com-

bination therapy was utilised in approximately 25% of

patients at the time of diagnosis. Indeed, a recent post-hoc
Table 5 Epidemiology and survival of idiopathic PAH from

Registry Time

Period

Prevalent/

Incident Cases

Mean

(yrs)

US-NIH [5] 1981–1985 Incident 36�
French [6] 2002–2003 Prevalent/Incident 52�
US-PHC [8] 1982–2004 Prevalent/Incident 46�
UK and Ireland [3] 2001–2009 Incident 50�
US-REVEAL [7] 2006–2009 Prevalent/Incident 53�
European COMPERA [9] 2007–2011 Incident 65�
PHSANZ 2012–2016 Incident 57�

Abbreviations: US-NIH = United States National Institute of Health; US-PHC = U

Hypertension Society of Australia andNewZealand; 6MWD = 6-minute walk distan

United States Registry to Evaluate Early and Long Term PAHDisease Management;

for Pulmonary Hypertension.

Please cite this article in press as: Strange G, et al. Survival of Id
Modern Era in Australia and New Zealand. Heart, Lung and Circ
analysis of the AMBITION study found that, at 7 days after

the end of randomised treatment, fewer patients had died in

the combination therapy group compared with the mono-

therapy group (hazard ratio 0.21, 95% CI 0.06–0.73) [18].

Furthermore, we found that patients who were adminis-

tered initial oral combination therapy displayed a trend

towards improved survival, compared with those who were

initiated on oral monotherapy. Other factors such as differ-

ences in patient population and overall improvement in

patient management (other than PAH pharmacotherapy)

may have accounted for the apparent better survival

rates observed in our cohort compared to reports from an

earlier era.
national and multinational registries.

Age Female

(%)

NYHA FC

III/IV (%)

6MWD

(m)

Estimated

Survival (%)

1-yr 3-yr

15 63 75 N/A 68 48

15 62 81 328 � 112 83 58

14 76 82 N/A 91 75

17 70 84 292 � 123 93 73

15 83 55 374 � 129 91 74

15 60 91 293 � 126 92 74

19 70 89 293 � 142 96 77

nited States Pulmonary Hypertension Connection; PHSANZ = Pulmonary

ce; NYHAFC = NewYorkHeart Association Function Class [4_TD$DIFF]; US REVEAL = -

COMPERA = Comparative, Prospective Registry of New Initiated Therapies

iopathic Pulmonary Arterial Hypertension Patients in the
ulation (2017), http://dx.doi.org/10.1016/j.hlc.2017.08.018
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Male sex and lower exercise capacity (measured by the 6-

minute walk distance) were independent predictors of worse

survival, consistent with previous studies [6,19,20]. The

mechanism by which male sex confers adverse prognosis

in PAH may be related to sex-specific influence on right

ventricular adaptation and response to PAH therapy. In

patients with PAH,men have been shown to display reduced

recovery of right ventricular function following PAH therapy

[21] and have attenuated treatment response to ERAs [22]. In

addition, since pulmonary veno-occlusive disease (PVOD) is

more common in men [23], it is possible that some male

patients with PVOD were classified as idiopathic PAH, lead-

ing to a bias towardsworse survival. Surprisingly, we did not

find World Health Organization (WHO) functional class

status or cardiac index to be independent predictors of sur-

vival on multivariate analysis, even though these variables

have been consistently linked to survival in other registries

[6,8,10,19].

The epidemiology of idiopathic PAH has evolved signif-

icantly since the first NIH registry in the 1980s. The NIH

registry [5] reported an average age of 36 � 15 years at

diagnosis, whilst contemporary studies have reported an

increasing age typically above 50 years (Table 5). Our

cohort had an average age of 57 � 19 years which is older

compared to the French [6], United Kingdom [3] and United

States REVEAL registries [7], but younger than the Euro-

pean [19_TD$DIFF]Comparative, Prospective Registry of New Initiated

Therapies for Pulmonary Hypertension (COMPERA) regis-

try which reported the highest average age of 65 � 15 years

[9]. The increase in age of patients diagnosed with idio-

pathic PAH could be explained by improved disease

awareness in older patients, availability of efficacious ther-

apy, and widespread availability of Doppler echocardiog-

raphy, which could lead to increased case detection. On the

other hand, it has been proposed that cases of PH due to

heart failure with preserved ejection may potentially be

misclassified as PAH, particularly in the context of elderly

patients who display a high burden of comorbid risk factors

for left heart disease. However, this appears to be less likely

in our cohort given that the pulmonary artery wedge pres-

sure was well within normal limits and patients had severe

elevation of pulmonary vascular resistance at diagnostic

RHC (Table 1).

Co-morbidities such as hypertension, obesity, coronary

artery disease and diabetes mellitus were common in our

cohort, but the presence of co-morbidities did not appear to

impact adversely on prognosis. Similarly, a recent analysis of

the COMPERA registry found that patients who displayed

three or more co-morbidities (namely hypertension, obesity,

coronary artery disease and diabetes mellitus) had almost

identical survival compared with patients with a lesser bur-

den [24]. Paradoxically, we found that obesity was associated

with improved survival. This ‘obesity paradox’ has been

observed in the REVEAL registry [25] and a recent re-analy-

sis of the NIH registry confirmed higher body mass index

(BMI) to be an independent predictor of improved survival

[26]. The mechanisms underpinning why obesity confers a
Please cite this article in press as: Strange G, et al. Survival of Id
Modern Era in Australia and New Zealand. Heart, Lung and Circ
protective effect in PAH are unclear and warrant further

study.

Delay in diagnosis has been shown to be a significant

problem in idiopathic PAH. A previous Australian study

showed that the median delay from time of symptom onset

to diagnosis averaged 44 months for a cohort of idiopathic

PAH patients diagnosed between 2007 and 2008 [27],

whereas the UK registry showed a median delay of 18

months during the period 2001 to 2009 [3]. Our study,

which included a more contemporary cohort, demon-

strated a shorter delay (median of �13 months) from

symptom onset to diagnosis. This may reflect greater com-

munity awareness of PAH as there have been efforts in

Australia and New Zealand to promote recognition that

PAH is a life-threatening and treatable cause of unex-

plained breathlessness. Furthermore, the advent of dedi-

cated prescribing centres with specialist interest in PAH

may further facilitate the diagnostic process. Early diagno-

sis of idiopathic PAH may potentially translate to

improved outcomes as has been shown in patients with

systemic sclerosis [28].

There were limitations in the present study. The main

limitation was the small number of unavoidable missing

data parameters given the observational nature of the study.

The diagnostic classification of cases was determined by the

treating physicians and not subject to a central review. There-

fore, we cannot exclude whether some patients may poten-

tially have PH due to other aetiology instead of PAH. Our

patients were mainly drawn from high volume specialised

PH centres and, therefore, our cohort may not be represen-

tative of the full spectrum of PAH seen in the community. As

this was a ‘real-world study’, there may have been differ-

ences in the approach to PAH therapy across different par-

ticipating centres. Finally, our study was likely to be

underpowered to assess the survival benefit of initial combi-

nation therapy.
Conclusions
We report, for the first time, the survival of an incident cohort

of idiopathic, heritable and drug-induced PAH in Australia

and New Zealand. Although our survival data compares

favourably with earlier cohorts reported by other registries,

PAH remains a severe and progressive disease with a signif-

icant rate of early mortality. Male sex and lower 6-minute

walk distance were associated with worse survival whereas

obesity conferred a protective effect. A strategy of initial

combination therapy was associated with a trend towards

improved survival.
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