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National Pulmonary Hypertension Centres  
of the UK and Ireland Physicians Committee  
The Committee comprises all physicians from the 
designated centres and coordinates the national 
centres. These centres diagnose and treat all the 
Pulmonary Hypertension in the UK using a set of 
National Guidelines. This structure ensures that all 
patients have a firm diagnosis and receive evidence 
based treatment to ensure morbidity and survival 
are amongst the best in the world.

The Health and Social Care Information Centre 
(HSCIC) is the trusted national provider of high 
quality information, data and IT systems for health 
and social care, enabling people to make informed 
decisions and achieve the best possible health 
and wellbeing outcomes. HSCIC managed the 
publication of this annual report.

National Services Division (NSD)  
is a division within NHS National Services  
Scotland (NSS). NSD receives funding from  
the Scottish Government Health Directorates
(SGHD) to commission and performance manage 
nationally designated specialist services and 
screening programmes.

NHS England commissions prescribed services from 
the designated centres for pulmonary hypertension.

The Pulmonary Hypertension Association  
(PHA UK) is the only charity in the UK especially 
for people with pulmonary hypertension (PH).
They are committed to helping improve the lives of 
people with PH, and supporting the PH community 
in the UK. They do this by funding research into 
PH, raising awareness of the condition, and helping 
people in their day-to-day lives.

Prepared in partnership with:

Welsh Health Specialised Services Committee 
(WHSSC) is responsible for the commissioning 
and planning of all specialised services for the 
population of Wales.
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The NHS continues to strive to provide high quality 
equitable care in a very challenging environment. 
Nowhere is this challenge greater than in the provision  
of services for rare diseases. 

Pulmonary hypertension can be a serious and life 
threatening condition and has many causes. Over the last 
decade we have witnessed major advances in drug and 
surgical treatment that have significantly improved the 
outcome for patients. The UK has been at the forefront 
of research and development in pulmonary hypertension, 
but perhaps most importantly, recognised over ten years 
ago that integrated clinical pathways are key in allowing 
patients to access high quality diagnostics, treatments 
and support networks. The provision of a network of 
national specialist centres in 2001 was the first step in this 
journey. Through the continued hard work of healthcare 
professionals, commissioners and PHA-UK, the UK now 
has a model of care which is highly respected throughout 
the world. 

Audit is key in improving outcomes for patients and  
in helping to plan how we deliver our services. A huge 
thanks goes out to everyone who has worked so hard to 
collect, analyse and report this data. In an environment 
where resources are finite it is key we ensure that these 
are used carefully. Over the five years since its inception, 
the quality of data in the audit has continued to improve 
and we are now able to not only provide data on 
outcomes, but also understand more about the forms 
of pulmonary hypertension that we see in our specialist 
services. This information will be key in ensuring that the 
UK continues to provide high quality care for patients  
and their families over coming years.

David Kiely 
Director of National Pulmonary Hypertension Service 
(Sheffield)

Chair of UK and Ireland Pulmonary Hypertension 
Physicians Committee

Foreword



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 7

The National Audit of Pulmonary Hypertension is a 
nationwide audit of specialised pulmonary hypertension 
centres in the UK. The audit extends to the Channel 
Islands, the Isle of Man and Gibraltar. The purpose of the 
audit is to describe clinical practice in the UK, provide 
epidemiological information for future service planning, 
and measure clinical outcomes. The seven hospitals that 
were designated more than 14 years ago to diagnose 
and treat pulmonary hypertension in adults, and the one 
hospital for children, are shown in Table 1. Data from the 
audit has been presented in four previous national audit 
reports1-4.

The data presented in this report is that from the year  
1 April 2013 to 31 March 2014 and covers all patients 
seen at the specialised centres. This audit includes 
England, Scotland, Wales, Northern Ireland, the Channel 
Islands, Gibraltar and the Isle of Man.

The specialised centres follow current European 
Society	of	Cardiology	/	European	Respiratory	Society	
and UK guidelines5,6 and are responsible for making 
an accurate diagnosis, initiating disease targeted drug 
therapy and, where appropriate, undertaking the long 
term management of patients with diverse causes 
of pulmonary hypertension. The specialised centres 
provide care at their own hospital sites as well as 
undertaking shared care and outreach clinics with more 
distant hospitals. All reporting of data in the audit is the 
responsibility of the centre irrespective of where the 
activity occurred.

The treatment of pulmonary hypertension with disease 
targeted drug therapies is controlled by NHS England 
drug policies on pulmonary hypertension drugs, which 
were last updated in May 20147-9. Scotland, Wales and 
Northern Ireland largely follow these policies. These 
policies do not apply to children. These drug policies 
must be borne in mind when interpreting the data 
collected about drug prescriptions.

Diagnoses are reported according to the 2008 Dana 
Point clinical classification10. The recent changes made to 
the Nice 201311 clinical classification were minor and given 
the amount of work to reclassify patients in the database 
the Pulmonary Hypertension Outcomes Group decided 
to maintain the Dana Point classification. 

In the preparation of this report, a review of the previous 
national audit publications was undertaken. A large 
number of changes have been made in this report, since 
it was felt that certain areas of the audit are now well 
understood, and that improvements in data quality make 
reporting on new areas possible. These include, for the 
first time, diagnosis and therapy analysis by specialised 
centre, a comparison of operated and not operated 
chronic thromboembolic pulmonary hypertension, 
an analysis of distance from a specialised centre as 
an influence on referral patterns and new analyses 
concerning time to failure of drug therapies.

Introduction

Table 1  
Specalised pulmonary hypertension centres in the United Kingdom

Golden Jubilee National Hospital

Great Ormond Street Hospital for Children NHS Foundation Trust

Imperial College Healthcare NHS Trust

Papworth Hospital NHS Foundation Trust

Royal	Brompton	and	Harefield	NHS	Foundation	Trust

Royal	Free	London	NHS	Foundation	Trust

Sheffield Teaching Hospitals NHS Foundation Trust

The Newcastle upon Tyne Hospitals NHS Foundation Trust
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1.  All specialised pulmonary hypertension centres in  
the UK participated in this report of the fifth year  
of the National Audit of Pulmonary Hypertension.

2.  Previous under-reporting of patients in Northern 
Ireland, and by Great Ormond Street Hospital for 
Children, has now been corrected.

3.  There has been progressive growth in the number 
of patients managed by specialised centres in the 
UK and the number of patients treated with disease 
targeted drug therapies since 2004.

4.  During the audit, UK pulmonary hypertension  
services saw 8,431 patients over the course of the 
year. On 31 March 2014 the median age of females 
was 60 years and of males was 58 years. 

5.  Of the total patients 15 per cent were discharged 
alive and 12 patients were transplanted. Pulmonary 
arterial hypertension was the most common diagnosis 
occurring in 45 per cent of patients, followed by 
chronic thromboembolic hypertension in 20 per  
cent. There were 11 per cent who did not have 
pulmonary hypertension. There is wide variation 
between specialised centres in the proportions of  
the diagnostic groups for which they care. 

6.  The main causes of pulmonary arterial hypertension 
were congenital heart disease (34 per cent), idiopathic, 
heritable or anorexigen-induced (33 per cent), and 
connective tissue disease (23 per cent).

7.  The new referrals in 2012/13 were analysed in this 
report (Table 6) as they would now be expected 
to have final diagnoses. In contrast to item 5 
above, 25 per cent of patients had pulmonary 
arterial hypertension, 11 per cent had chronic 
thromboembolic pulmonary hypertension and  
28 per cent had no pulmonary hypertension.

8.  In a comparison of operated and not operated chronic 
thromboembolic pulmonary hypertension there were 
more operated patients within the 60-69 year age 
range, while in the 70-79 year age range non-operated 
was more common. 

9.  During the year 4,126 patients received disease 
targeted drug therapy and, for those starting for  
the first time, 81 per cent were prescribed sildenafil  
as the first line drug.

10.  For patients with connective tissue disease associated 
pulmonary arterial hypertension and idiopathic, 
heritable or anorexigen-induced pulmonary arterial 
hypertension, who commenced monotherapy, 65 per 
cent will have experienced a failure of monotherapy 
within two years. For patients with not operated 
chronic thromboembolic pulmonary hypertension, 
38 per cent will have experienced a failure of 
monotherapy within two years. 

11.  For patients with idiopathic, heritable, or  
anorexigen-induced pulmonary arterial hypertension, 
the time to failure of monotherapy was related to the 
WHO (World Health Organisation) functional class 
recorded closest to the first referral. After two years, 
66 per cent of patients in WHO functional class II 
remained on monotherapy compared to 37 per cent  
of functional class III and 19 per cent of functional  
class IV. 

12.  For patients with idiopathic, heritable or  
anorexigen-induced pulmonary arterial hypertension 
who started combination therapy, 32 per cent had 
experienced a failure within two years.

13.  For patients commencing prostanoid therapy at any 
time, the two year event-free survival was 55 per cent.

14.  For patients with idiopathic, heritable, or  
anorexigen-induced pulmonary arterial hypertension, 
one year survival is 86 per cent and three year survival 
is 63 per cent; for connective tissue disease associated 
pulmonary arterial hypertension – 85 per cent and 
60 per cent respectively; for congenital heart disease 
associated pulmonary arterial hypertension –  
95 per cent and 83 per cent respectively; for operated 
chronic thromboembolic pulmonary hypertension –  
98 per cent and 90 per cent respectively; and for 
chronic thromboembolic pulmonary hypertension 
which is not operated – 88 per cent and 70 per cent 
respectively.

Executive Summary of Audit Key Findings



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 9

Participation of Specialised Centres and Number of Patients

All specialised centres participated in the audit. Table 2 
and Figure 1 both show a snap shot of the clinical service 
on 31 March of each reported year. In recent report years 
there was believed to be under reporting of numbers by 
Great Ormond Street Hospital for Children, but this is 
now not the case. 

Data directly collected by shared care sites in Belfast 
and Hull have been included in The Newcastle upon 
Tyne Hospitals NHS Foundation Trust's figures as it is the 
responsible specialised pulmonary hypertension centre 
– this is the case for all of the tables. Data from other 
shared care sites was collected directly by the responsible 
specialised pulmonary hypertension centre. Patients who 
were discharged, transplanted or who died before 31 
March of the year are not included in these figures. 

This figure shows the number of active patients and the 
number of patients on disease targeted drug therapy 
over the last 11 years. There is no sign of the expansion  
of the service reaching a plateau. The proportion of 
patients on disease targeted drug therapy has risen from 
41 per cent in 2004 to 54 per cent in 2014. 

During 2013/14 Sheffield Teaching Hospitals NHS 
Foundation Trust took on responsibility for a number 
of patients with congenital heart disease that had not 
previously been referred to a specialist centre. These 
patients affected Sheffield Teaching Hospitals NHS 
Foundation Trust figures in Table 12 and may also have 
had a minor impact on other tables and figures

The data for 2004 to 2009 in Figure 1 was collected 
before the audit began by the National Pulmonary 
Hypertension Centres of the UK and Ireland Physicians 
Committee. 

There were 6,484 patients active in the service and  
alive on 31 March 2014, a net increase of 394 from  
the previous year.  

Figure 1 
Number of patients active under the service and number of patients on disease targeted therapies for pulmonary hypertension on 31 March

Number of patients 7,000

6,000

5,000

4,000

3,000

2,000
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Year

Source: National Audit of Pulmonary Hypertension 2014

Number of patients 
on disease targeted 
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Table 2 
Number of patients active and alive on 31 March by specialised centre

Specialised pulmonary hypertension centre Total 2010 Total 2011 Total 2012 Total 2013 Total 2014

Golden Jubilee National Hospital  291  329  375  428  494 

Great Ormond Street Hospital for Children NHS Foundation Trust  300  319  244  361  350 

Imperial College Healthcare NHS Trust  664  764  914  942  936 

Papworth Hospital NHS Foundation Trust  591  625  716  777  809 

Royal	Brompton	and	Harefield	NHS	Foundation	Trust  492  640  776  968  902 

Royal	Free	London	NHS	Foundation	Trust  581  774  997  980  1,049 

Sheffield Teaching Hospitals NHS Foundation Trust  1,074  1,291  1,393  1,212  1,489 

The Newcastle upon Tyne Hospitals NHS Foundation Trust  294  320  318  422  455 

Total patients seen at specialised centres  4,287  5,062  5,733  6,090  6,484 

Source: National Audit of Pulmonary Hypertension 2014
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Demographics and Diagnosis 

This section of the audit provides a series of tables and 
figures to report demographic and diagnostic information 
about the users of the service.

Tables 3a and 3b provide the diagnostic mix by main 
diagnosis (3a), and sub-diagnosis (3b), on 31 March 
2014 for the national service and, for the first time, by 
specialised centre. A major cause of the differences 
shown is the specific specialisation of some centres, 
such	as	the	Royal	Brompton	Hospital	in	congenital	heart	
disease, Papworth Hospital in chronic thromboembolic 
pulmonary	hypertension,	and	the	Royal	Free	Hospital	in	
connective tissue disease. 

There is also a difference in the rate of diagnosis of ‘not 
pulmonary hypertension’, which varies between one per 
cent and 18 per cent. This diagnostic group includes:

•	 	referrals	where	the	patient	is	thought	to	have	
pulmonary hypertension but investigation reveals 
otherwise 

•	 	referrals	and	follow-up	of	patients	at	high	risk	
of pulmonary arterial hypertension who require 
screening (e.g. family history of pulmonary arterial 
hypertension, presence of systemic sclerosis, 
assessment for liver transplantation)

•	 	follow-up	of	patients	at	high	risk	of	pulmonary	 
arterial hypertension whose mean pulmonary artery 
pressure is abnormal but does not fulfil the criteria  
for pulmonary hypertension, although they may go  
on to develop this. 

The different rates of 'not pulmonary hypertension' may 
be a result of different data administration practices. 
Since a proportion of these patients would be expected 
to be discharged from the service, differences in 
recording discharges may also account for some of  
the differences.

The rate of missing diagnosis varies between seven per 
cent and 30 per cent, and may also distort the proportion 
of patients in different diagnostic groups. Note that since 
this is a rolling audit, a proportion of patients will be 
undergoing investigation and will not yet have received  
a final diagnosis.

Table 3a 
Percentage of patients active on 31 March 2014 by Dana Point diagnosis classification and by specialised centre
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Total number of patients 6,484 494 350 936 809 902 1,049 1,489 455

Pulmonary arterial hypertension 45% 51% 39% 46% 36% 47% 32% 55% 55%

Pulmonary veno-occlusive disease and/or pulmonary capillary 
haemangiomatosis

0% 0% 0% 1% 0% 0% 0% 0% 0%

Pulmonary hypertension due to left heart disease 3% 3% 1% 4% 2% 3% 6% 2% 2%

Pulmonary hypertension due to lung disease and/or hypoxia 4% 2% 22% 1% 1% 8% 2% 3% 1%

Chronic thromboembolic pulmonary hypertension 20% 20% 0% 27% 49% 6% 10% 21% 20%

Pulmonary hypertension with unclear/multifactorial mechanisms 3% 4% 5% 2% 2% 6% 1% 1% 3%

Not pulmonary hypertension 11% 11% 12% 12% 1% 17% 18% 6% 7%

No final diagnosis possible 0% 0% 0% 0% 0% 1% 0% 0% 0%

No diagnosis 14% 9% 21% 7% 9% 11% 30% 11% 11%

Total 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: National Audit of Pulmonary Hypertension 2014
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Table 3b 
Percentage of patients active on 31 March 2014 with a latest diagnosis of pulmonary arterial hypertension by subcategory and by specialised centre
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Number of pulmonary arterial hypertension patients  2,940  250  135  430  291  428  331  823  252 

Idiopathic/heritable/drug induced pulmonary  
arterial hypertension

33% 46% 24% 48% 35% 16% 17% 37% 31%

Pulmonary arterial hypertension associated with  
connective tissue disease

23% 21% 4% 12% 21% 13% 56% 26% 19%

Pulmonary arterial hypertension associated with  
portal hypertension

4% 8% 1% 4% 3% 1% 4% 3% 5%

Pulmonary arterial hypertension associated with  
congenital heart disease

34% 23% 70% 28% 24% 68% 7% 33% 33%

Other 2% 1% 1% 6% 1% 1% 1% 1% 1%

No sub diagnosis 5% 0% 0% 2% 15% 1% 15% 1% 12%

Total 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: National Audit of Pulmonary Hypertension 2014

Figures 2a through to 2f provide age and gender 
breakdowns for patients active at any point during the 
year 2013/14 by diagnostic classification. This provides  
a pictorial representation of the differences between  
the types of pulmonary hypertension. Presented for  
the first time this year are three types of pulmonary 
arterial hypertension: idiopathic, heritable and 
anorexigen-induced pulmonary arterial hypertension, 
connective tissue disease, and congenital heart disease. 

These show pronounced differences in their demographic 
profiles. Of particular note are the similar demographics 
of patients with pulmonary arterial hypertension and 
those who are found to have no pulmonary hypertension.
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Figure 2b: Chronic thromboembolic pulmonary hypertension
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Figure 2c: Not pulmonary hypertension
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Figure 2 
Age and gender distribution of patients active at any point during 2013/14 according to diagnosis

Figure 2a: Pulmonary arterial hypertension
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Figure 2e: Pulmonary arterial hypertension associated with connective tissue disease
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Figure 2f: Pulmonary arterial hypertension associated with congenital heart disease
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Figure 2d: Idiopathic, heritable or anorexigen-induced pulmonary arterial hypertension
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Table 5 
Live discharges during 2013/14 by discharge reason and by specialised centre
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Number active within year 8,431 643 400 1,232 1,049 1,109 1,328 2,076 594

Percentage of live 
discharges within year

15.0% 14.6% 9.0% 17.5% 13.4% 9.7% 13.1% 19.3% 15.7%

Broken down by discharge 
reason group

Not suffering from pulmonary 
hypertension

7.7% 12.6% 1.3% 6.8% 7.4% 4.9% 9.7% 7.6% 10.3%

No further treatment 5.5% 0.3% 3.3% 7.8% 5.0% 4.1% 2.4% 9.3% 5.1%

Treatment continuing elsewhere 0.6% 0.0% 4.3% 0.5% 0.6% 0.5% 0.6% 0.2% 0.0%

Other 1.2% 1.7% 0.3% 2.4% 0.5% 0.3% 0.4% 2.2% 0.3%

Note: This table is based on referrals active during 2013/14 and discharges during 2013/14. A single individual may have more than one referral per organisation per 
year, and more than one discharge per organisation per year.

Source: National Audit of Pulmonary Hypertension 2014

Table 5 provides information concerning the number 
of patients active during 2013/14, and also provides 
information on live discharges made during the year.  
This is provided for both the national service and for  
each specialised centre. 

There is variation in discharge rates between specialised 
centres, which may be related to the differences in 
treatment of the diagnosis ‘not pulmonary hypertension’ 
(Table 3a). 

12 patients underwent lung transplantation.

Table 4 provides age and gender information for patients 
active in the service on 31 March 2014, both for the 
entire service and also by specialised centre. Differences 
between the adult centres reflect the differences in 
specialisation described in the section above: female 
predominance	in	connective	tissue	disease	(Royal	Free	
Hospital), younger age of adults with congenital 

heart	disease	(Royal	Brompton	Hospital)	and	older	age	
in chronic thromboembolic pulmonary hypertension 
(Papworth Hospital). Great Ormond Street Hospital 
for Children also has an even split in terms of gender 
compared to the adult centres. 

Ages are rounded to the nearest whole number.

Table 4 
Gender distribution, median age and interquartile range by specialised centre for patients active on 31 March 2014

Female Male

Hospital name Percentage Median age Interquartile range Median age Interquartile range

Golden Jubilee National Hospital 61% 58 45-70 58 46-69

Great Ormond Street Hospital for Children NHS Foundation Trust 49% 8 5-12 7 4-11

Imperial College Healthcare NHS Trust 63% 56 42-70 60 45-70

Papworth Hospital NHS Foundation Trust 60% 65 49-74 64 52-72

Royal	Brompton	and	Harefield	NHS	Foundation	Trust 63% 53 40-69 56 40-69

Royal	Free	London	NHS	Foundation	Trust 75% 63 50-73 61 50-73

Sheffield Teaching Hospitals NHS Foundation Trust 66% 63 47-73 62 46-70

The Newcastle upon Tyne Hospitals NHS Foundation Trust 67% 62 49-71 56 44-68

Total 65% 60 44-71 58 41-70

Source: National Audit of Pulmonary Hypertension 2014
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Cohort for Longitudinal Data Analysis
To support certain analyses we have created a cohort of 
patients which is defined as those:

•	 	Whose	first	referral	was	on	or	after	1	April	2009

•	 	Whose	first	referral	was	not	made	to	Great	Ormond	
Street Hospital for Children.

This cohort is used when there is a need to ensure we 
have the full treatment history for a patient. Since the 
audit started on 1 April 2009 it is reasonable to expect 
that all of the events after that date will be recorded in 
the audit. Patients first referred to Great Ormond Street 
Hospital for Children are removed to limit the data set to 
adult onset pulmonary hypertension. This is because the 
management and survival of children may differ to that  
of adults.

Scottish data is submitted to the audit using a 
pseudonymised patient identifier, so it is not possible 
to link patients that have been treated in both Scotland 
and England. As such, a small number of patients may 
be included twice in the cohort for longitudinal analysis 
because they cannot be identified. This is expected to 
impact most on Scottish children who are treated by 
Great Ormond Street Hospital for Children and then 
later transfer for adult treatment at the Golden Jubilee 
National Hospital.

Table 6 
Percentage of latest diagnosis for patients with a first referral during 2012/13 by organisation responsible for first referral
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Total number of patients  2,213  178  69  307  267  307  338  597  150 

Pulmonary arterial hypertension 25% 29% 43% 22% 18% 24% 17% 28% 39%

Pulmonary veno-occlusive disease and/or pulmonary capillary 
haemangiomatosis

0% 1% 0% 0% 0% 0% 0% 0% 1%

Pulmonary hypertension due to left heart disease 14% 19% 3% 24% 10% 9% 14% 13% 9%

Pulmonary hypertension due to lung disease and/or hypoxia 10% 13% 28% 7% 6% 12% 4% 13% 2%

Chronic thromboembolic pulmonary hypertension with  
pulmonary endarterectomy operation

4% 3% 0% 3% 14% 0% 3% 4% 7%

Chronic thromboembolic pulmonary hypertension without 
pulmonary endarterectomy operation

7% 8% 0% 7% 13% 5% 5% 7% 2%

Pulmonary hypertension with unclear/multifactorial mechanisms 3% 4% 3% 3% 2% 5% 0% 3% 3%

Not pulmonary hypertension 28% 19% 14% 31% 22% 35% 30% 26% 35%

No final diagnosis possible 3% 3% 0% 3% 0% 5% 1% 6% 1%

No diagnosis 7% 1% 9% 1% 13% 5% 26% 0% 1%

Total 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: National Audit of Pulmonary Hypertension 2014

Table 6 shows the diagnosis patterns of new patients 
(first referrals) during 2012/13 for the national service and 
also by centre. It uses data for patients referred during 
2012/13 rather than the more obvious 2013/14 in order  
to ensure that a centre has sufficient time to make the 
final diagnosis before the year end. 

There are marked differences in the referral patterns to 
different centres. The proportion of new referrals with  
a final diagnosis of pulmonary arterial hypertension varies 

between 17 per cent and 43 per cent and of chronic 
thromboembolic pulmonary hypertension between five 
per cent and 27 per cent in adult centres. These are the 
two main types of pulmonary hypertension which may 
benefit from specialist treatment. Important differences 
are also seen between the other diagnostic groups.  
This data may have been distorted by the variation in  
"no diagnosis" (between zero and 26 per cent).
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Operated and Not Operated Chronic Thromboembolic 
Pulmonary Hypertension

This report is, for the first time, splitting patients with 
chronic thromboembolic pulmonary hypertension into 
those who are operated and those not operated, as 
it is recognised that these groups may have different 
outcomes. It is recognised that surgery is the treatment  
of choice in patients who are suitable.

Following investigation of patients with chronic 
thromboembolic pulmonary hypertension, the data is sent 
by their specialised centre to the surgical unit at Papworth 
Hospital, where a decision is made as to whether the patient 
is operable or not. Operable patients are subsequently seen 
at Papworth Hospital and have an opportunity to discuss 
their case with a surgeon. At this stage most patients go 
on to have an operation, but in some cases the patient 
or the surgeon may decide that although they have an 
operable disease there are other reasons why they should 
not undergo pulmonary endarterectomy. The audit captures 
when a pulmonary endarterectomy has been performed.

The decision to split patients into operated and not 
operated groups is pragmatic and can be robustly 
determined by cross-checking patients and operations 
with Papworth Hospital. The audit does not capture the 
surgical decision about whether a patient is operable 
or not and so this classification has not been used. 
This means that patients who are not operated include 
those with inoperable disease (likely the majority), those 
who have declined or been refused surgery despite 
operability, and those who are waiting for surgery and 
have not yet had the operation.

As this split into operated and not operated is based 
around a recorded event, it is limited to the analysis of 
patients in the longitudinal cohort. This split was not used 
for Figure 2b for this reason. Figure 3a and Figure 3b 
provide similar age and gender information for the  
two groups. 

Figure 3a 
The age and gender of patients on 31 March 2014 with chronic thromboembolic pulmonary hypertension (operated)  
Only includes patients within the cohort for longitudinal analysis
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Source: National Audit of Pulmonary Hypertension 2014

Figure 3b 
The age and gender of patients on 31 March 2014 with chronic thromboembolic pulmonary hypertension (not operated) 
Only includes patients within the cohort for longitudinal analysis
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Source: National Audit of Pulmonary Hypertension 2014
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Comparing the two groups in Figures 3a and 3b 
it is clear that there are more non-operated chronic 
thromboembolic pulmonary hypertension patients in the 
higher age bands (70+ years old) where, unlike operated 
patients, females predominate. For operated chronic 
thromboembolic pulmonary hypertension the group is  
48 per cent female and the median age is 63 years, 
whereas not operated chronic thromboembolic 
pulmonary hypertension is 53 per cent female and  
a median age of 69 years. 

This age difference may have had an impact on survival 
between the two groups in Figure 11: the three year 
survival rates for operated chronic thromboembolic 
pulmonary hypertension is 90 per cent compared to 
70 per cent for non-operated chronic thromboembolic 
pulmonary hypertension.
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Cardiac Catheterization

Pulmonary hypertension is defined as a mean pulmonary 
artery pressure equal to or greater than 25 mm Hg 
measured at cardiac catheterization. In most patients this 
is a prerequisite to making a final diagnosis according 
to the Dana Point clinical classification (Appendix 1). 
Exceptions are made occasionally on clinical grounds 
such as in patients with Eisenmenger’s syndrome 
(congenital heart disease associated pulmonary arterial 
hypertension) and in patients deemed too sick to 
undergo catheterization.

Table 7 demonstrates how consistent the diagnosis of 
pulmonary hypertension is with cardiac catheterization 
data. Chronic thromboembolic pulmonary hypertension is 
shown separately and split into operated and not operated 
because under the Dana Point clinical classification the 
term chronic thromboembolic pulmonary hypertension 
includes patients with or without pulmonary hypertension. 
A small number of patients with chronic thromboembolic 
pulmonary hypertension, but without a mean pulmonary 
artery pressure equal to or greater than 25 mm Hg, 
undergo pulmonary endarterectomy. 

Patients without a recorded catheterization, or with a 
recorded catheterization that has no recorded mean 
pulmonary artery pressure, are not included in this table. 

For the reasons given above, some inconsistency 
between catheterization and diagnosis is to be expected.  
At 13 per cent, the number of patients with a latest 
diagnosis of ‘not pulmonary hypertension’ but with a PA 
mean of over 25 mm Hg is much higher than expected. 

Both chronic thromboembolic pulmonary hypertension 
diagnoses (operated and not operated) show what would 
be expected. Some patients with that diagnosis do not 
have a pressure of 25 mm Hg or greater and this is more 
common in the operated group as surgery may reduce 
pulmonary artery pressure. Note that the data has been 
collected from the latest cardiac catheterization.

The inconsistencies in the data are most likely related to 
problems with data entry. The centres will be asked to 
investigate these inconsistencies and figures by centre 
are	expected	to	be	published	in	the	6th	Annual	Report.	

Table 7 
Proportion of patients with pulmonary hypertension at latest catheterization by diagnosis group 
Only for patients within cohort for longitudinal analysis

Diagnosis group Total Percentage with no pulmonary 
hypertension at latest catheterization

Percentage with pulmonary 
hypertension at latest catheterization

Chronic thromboembolic pulmonary hypertension - operated 100% 19% 81%

Chronic thromboembolic pulmonary hypertension - not operated 100% 8% 92%

All other pulmonary hypertension diagnosis 100% 3% 97%

Not pulmonary hypertension 100% 87% 13%

Source: National Audit of Pulmonary Hypertension 2014

Table 8 shows what percentage of patients receiving 
disease targeted drug therapy on the 31 March 2014 
also had a recorded catheterization. While there are 
circumstances in which it is appropriate to prescribe a 
disease targeted drug therapy without performing a 
catheterization, those circumstances are very limited.  
It is not routine practice in all centres to undertake 
cardiac catheterization in Eisenmenger’s syndrome,  
which is a congenital heart disease, and therefore  
that group is shown separately. 

In light of this, while the cardiac catheterization rate of 
all other types of pulmonary hypertension in Table 8 
may appear high, it is lower than expected. This may be 
because of unrecorded catheterizations. Centres will be 
expected to ensure that all catheterizations are present 
for future audits.

Table 8 
Proportion of patients on drug therapy on 31 March 2014 who have a recorded cardiac catheterization broken down by latest diagnosis 
Only for patients within cohort for longitudinal analysis

Diagnosis Percentage with a catheterization

All types of pulmonary hypertension 76%

Pulmonary arterial hypertension associated with congenital heart disease 24%

All other types of pulmonary hypertension 88%

Source: National Audit of Pulmonary Hypertension 2014
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Impact of Distance from a Pulmonary Hypertension Centre 
on Referrals

The distribution of pulmonary hypertension centres is 
not uniform across the country. Of the six adult centres 
that cover England and Wales there are three in London 
(Imperial	College	Healthcare,	Royal	Free	Hospital	and	
Royal	Brompton	Hospital)	and	two	others	that	are	on	the	
east side of the country (Freeman Hospital Newcastle 
and Papworth Hospital). Sheffield Teaching Hospital is 
the most westerly centre. There is no centre located in 
Wales, the South West, the Midlands or the North West. 
A network of shared care and satellite centres has been 
created to address this distribution. It has not been 
centrally planned but has arisen from local circumstances. 

The impact of this distribution of centres is uncertain. 
Figure 4 and Figure 5 seek to assess the impact of 
distance from a specialised centre on both new referrals 
and new cases of pulmonary hypertension. 

Figure 4 displays the rate of new referrals for pulmonary 
hypertension by the patient’s local authority, against 
the distance from the geographic centre of that local 
authority to the closest specialised centre. The rate is 
directly standardised for age and sex.

Two years of referrals were used to increase the amount 
of data available. Data from 2013/14 was not used as 
Figure 5 requires diagnosis information and there can 
be a considerable delay in gathering this. To ensure 
compatibility, it was preferable that Figure 4 and 5 were 
based on data from the same years. Data from both 
2011/12 and 2012/13 were used. 

Despite this, the total number of cases is still low with 
at least two top tier local authorities (Merthyr Tydfil and 
Rutland)	having	no	new	referrals	over	the	course	of	two	
years. Given the low number of cases the results will be 
subject to random variation. Due to very low populations 
both the Isles of Scilly and City of London local authorities 
have been excluded. The national rate is supplied for 
comparison purposes.

Figure 4 
Rate of adult new referrals per million population per year for each local authority by the distance that local authority is from the closest specialised centre for 
England and Wales 
Based on 2011/12 and 2012/13 data
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Source: National Audit of Pulmonary Hypertension 2014
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Figure 4 is ambiguous, but it does suggests that the 
rate of all referrals to specialised centres is related to 
proximity to a centre, with generally more referrals made 
from local authorities that are close to a specialised 
centre. The logarithmic coefficient of determination 
(R	squared)	is	0.58,	which	indicates	that	distance	
does impact on the rate of new referrals, but that the 
relationship is not strong. The logarithmic coefficient  
of determination is a better fit than the linear coefficient 
of determination which is 0.30. A higher logarithmic 
coefficient of determination suggests that the impact  
of distance is greater closer to the centres. 

When interpreting this graph it should be noted that the 
rate of referrals at a distance of three kilometres ranges 
from 195 per million to 37 per million. Given this, it is clear 
that distance is not the only factor influencing the rate of 
new referrals. 

Figure 5 follows the same methodology and provides 
the rate of new referrals that are diagnosed as having 
pulmonary hypertension. Here the logarithmic coefficient 
of	determination	(R	squared)	is	0.37,	while	the	linear	rate	
is 0.18. This indicates that distance may have some impact 
on the rate of new pulmonary hypertension, but it is less 
than on the overall rate of new referrals. 

The tentative conclusion seems to be that the distance 
from a specialised centre appears to affect the rate of 
new referrals and the rate of new cases of pulmonary 
hypertension. The impact on new referrals is greater  
than that of new cases of pulmonary hypertension. 

Nevertheless, it is clear that distance is not the only 
factor. Indeed distance itself may not be the main factor 
at all; there may be another factor that is related to 
distance but distinct from it.  

The limitations of this work should be clearly understood.  
Even using two years of data the number of new referrals 
into the pulmonary hypertension service is not very 
large and this means that random variation may well be 
a factor. The audit does not record the postcode at time 
of first referral, only the latest postcode for that patient. 
Changes to the postcode following referral/diagnosis 
could impact on this work, for example if patients move 
to be closer to the centre the analysis would be affected. 
It is also possible that some shared care centres are 
impacting on the number and/or accuracy of the referrals.

This work was restricted to adults only, as all children are 
referred to Great Ormond Street Hospital for Children 
irrespective of location. This work has only been done 
for England and Wales as Scotland do not provide a full 
postcode, making assignment to equivalent Scottish 
bodies uncertain.

Figure 5 
Rate of adult new referrals that are diagnosed as pulmonary hypertension per million population per year for each local authority by the distance that local 
authority is from the closest specialised centre for England and Wales 
Based on 2011/12 and 2012/13 data
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Disease Targeted Drug Therapy

Disease targeted drug therapy is the mainstay of 
treatment for most patients with pulmonary arterial 
hypertension, chronic thromboembolic pulmonary 
hypertension which is not operated, and post pulmonary 
endarterectomy pulmonary hypertension.

Table 9 provides a breakdown of the number of 
prescriptions active on 31 March each year and 
demonstrates a progressive increase in the number  
of prescriptions.

Table 9 
Number of drug prescriptions on 31 March including monotherapy and combination therapy

Drug Total prescriptions 2010 Total prescriptions 2011 Total prescriptions 2012 Total prescriptions 2013 Total prescriptions 2014

Sildenafil 1,414 1,869 2,166 2,376  2,689 

Tadalafil 5 6 31 97  138 

Bosentan 909 1,208 1,145 1,108  1,161 

Ambrisentan 120 277 328 425  514 

Sitaxsentan 88 0 0 0 0

Iloprost 96 120 111 119 153

Treprostinil 88 89 75 51  45 

Epoprostenol 39 69 73 75  84 

Calcium channel blockers 22 25 38 19  49 

Unknown 91 78 64 79  117 

Total 2,872 3,741 4,031 4,349  4,950 

Unknown includes clinical trial medication. Note that sitaxsentan was withdrawn from clinical use in late 2010.

Source: National Audit of Pulmonary Hypertension 2014

Disease Targeted Drug Therapy Classes
Disease targeted drug therapies fall into four classes.

•	 	Endothelin	receptor	antagonists	which	are	
administered orally

•	 	Phosphodiesterase	5	inhibitors	which	are	administered	
orally

•	 	Prostanoids	which	are	administered	by	intravenous	
infusion, by subcutaneous infusion or intermittently  
by nebuliser

•	 	Calcium	channel	blockers	for	vaso-reactive	pulmonary	
arterial hypertension which are administered orally.

The audit uses class of drug rather than prescription. 

The treatment of pulmonary hypertension with disease 
targeted drug therapies is controlled by the NHS 
Commissioning Board policies on pulmonary hypertension 
drugs in force at the time of this audit7,8. Scotland, Wales 
and Northern Ireland largely follow these policies. These 
policies do not apply to children. An NHS policy differs 
from treatment guidelines as it dictates which treatments 
are available for use and in what circumstances. It requires 
that all prescriptions issued during treatment are only 
issued by specialised centres. Note that the policy in force 
during this audit did not permit the treatment of patients 
in WHO class I. Prescription of drugs outside this policy 
was only permitted on grounds of exceptionality with the 
approval of an Exceptional Circumstances Panel.

Monotherapy and Combination 
Therapy
A patient receiving disease targeted drug therapies 
may receive drugs from one class (monotherapy) or 
in combination with drugs from more than one class 
(combination therapy). 

Where a patient is being prescribed any single drug 
they are considered to be on monotherapy. When a 
patient is being prescribed more than one class of drug 
then they are considered to be on combination therapy. 
Traditionally calcium channel blockers or clinical trial 
medication are not taken into account when determining 
if a patient is receiving combination therapy because  
they do not have a significant effect on the cost of  
drug therapy.

Demographics of Disease Targeted 
Drug Therapy 
Table 10 provides demographic details about patients 
who received a drug therapy at any point during the 
year. Northern Ireland patients receiving drugs show 
a different age profile than the other nations. The 
proportion of patients receiving disease targeted drug 
therapy was highest in Wales and lowest in England.
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Table 10 
Patients treated with disease targeted therapy at any time during the audit year by country
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UK (all patients) 54% 59 53% 60 49% 60 48% 60 8,373 49% 59 43 - 71

England 52% 59 52% 60 47% 60 46% 60 7,233 48% 59 42 - 71

Scotland 58% 60 55% 62 57% 58 59% 60 659 57% 60 46 - 70

Wales 72% 59 65% 60 63% 59 69% 60 305 67% 60 44 - 71

Northern Ireland 73% 33 72% 21 61% - 62% 50 135 53% 51 39 - 66

Other/unknown 58% 32 46% 55 49% - 30% 57 41 39% 45 2 - 67

Note: Ages are rounded to the nearest whole number

Source: National Audit of Pulmonary Hypertension 2014

First Line Drug Therapy
The NHS Commissioning Board policy for first line drug 
therapy states that:

•	 	Monotherapy	with	an	oral	phosphodiesterase	5	
inhibitor will be routinely commissioned as first line 
therapy

•	 	Where	a	phosphodiesterase	5	inhibitor	is	not	clinically	
appropriate, an endothelin receptor antagonist may 
be substituted

•	 	The	choice	of	medicine	is	subject	to	clinical	discretion	
bearing in mind relative safety, evidence of efficacy, 
and cost of treatment

•	 	Monotherapy	with	a	prostanoid	will	be	routinely	
commissioned for patients at WHO functional class IV 
with clinical classification 1 or 1* (see Appendix 1).

Table 11 shows that the proportion of phosphodiesterase 
5 inhibitors as a monotherapy used as a first drug has 
risen from 62 per cent in 2010/11 to 81 per cent in 
2013/14, although the number remained unchanged 
between 2012/13 and 2013/14. 

This table is based on the cohort for longitudinal analysis, 
as a full prescribing history is required in order to identify 
the first drug used. A patient’s year of first referral and 
year of first drug are not always the same as there is often 
a period of time between first referral and first drug.  
As this work is restricted to first referrals after 1 April 
2009, the year 2009/10 differs from the other years since 
it contains no patients who were referred the previous 
year but received their first drug in 2009/10. This makes 
2009/10 different from the other years and it was 
therefore removed from this table to ensure consistency.

Table 11 
Proportion of patients by first drug therapy by audit year 
Only for patients within cohort for longitudinal analysis

Audit Year

Class(es) of first drug 2010/11 2011/12 2012/13 2013/14

Phosphodiesterase 5 inhibitor 62% 77% 81% 81%

Endothelin receptor antagonist 31% 18% 12% 14%

Prostanoids 3% 1% 2% 1%

Calcium channel blockers for vaso-reactive pulmonary arterial hypertension 0% 0% 0% 0%

Endothelin receptor antagonist & phosphodiesterase 5 inhibitor 1% 2% 5% 2%

Phosphodiesterase 5 inhibitor & prostanoids 0% 0% 0% 1%

Endothelin receptor antagonist & prostanoids 0% 0% 0% 0%

Endothelin receptor antagonist & phosphodiesterase 5 inhibitor & prostanoids 0% 0% 0% 0%

Unknown 1% 2% 1% 1%

Total 100% 100% 100% 100%

Note: Data from 2009/10 is excluded because a number of patients receive their first drug in the year preceding their first referral. Since all patients referred before  
1 April 2009 are excluded this makes 2009/10 different from 2010/11 and subsequent years and so has been removed to ensure comparison between similar years.

Source: National Audit of Pulmonary Hypertension 2014
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Table 12 
Proportion of patients receiving drug therapy whose first drug is a phosphodiesterase 5 inhibitor by centre for the last four years  
Only for patients within cohort for longitudinal analysis

Audit Year

Centre 2010/11 2011/12 2012/13 2013/14

UK 62% 77% 81% 81%

Golden Jubilee National Hospital 58% 75% 65% 83%

Imperial College Healthcare NHS Trust 70% 72% 66% 71%

Papworth Hospital NHS Foundation Trust 56% 76% 74% 70%

Royal	Brompton	and	Harefield	NHS	Foundation	Trust 71% 76% 87% 96%

Royal	Free	NHS	Foundation	Trust 69% 82% 94% 95%

Sheffield Teaching Hospitals NHS Foundation Trust 59% 75% 84% 76%

The Newcastle upon Tyne Hospitals NHS Foundation Trust 58% 86% 91% 89%

Note: Data from 2009/10 is excluded because a number of patients receive their first drug in the year preceding their first referral. Since all patients referred before  
1 April 2009 are excluded this makes 2009/10 different from 2010/11 and subsequent years and so has been removed to ensure comparison between similar years.

Source: National Audit of Pulmonary Hypertension 2014

Table 12 provides a breakdown by specialised centre of 
the proportion of first drugs that were phosphodiesterase 
5 inhibitors as a monotherapy.

Time to Failure of Disease Targeted 
Drug Therapy
A Kaplan Meier curve is a way of graphically displaying  
an estimate of what proportion of patients will still be  
in a cohort a number of days after a chosen start date. 
For example, it will provide an estimate of the percentage 
of patients that will still be on monotherapy a year after 
this treatment began. Patients leaving this cohort will be 
those that began combination therapy, underwent lung 
transplantation or died.

Figures 6, 7, 8, 9, and 10 are Kaplan Meier curves related 
to drug therapy. Under each Kaplan Meier curve is a table 
showing the number of patients that remain within the 
cohort at key points. 

 

These curves terminate at the two year point as some of 
the curves start to have very low numbers of participants 
beyond this point. These figures do not take into account 
any time that may have elapsed before the chosen 
starting point. 

Table 13 contains information intended to give clinical 
readers of the audit an understanding of the patients  
that make up each of the key diagnostic groups based  
on gender, age, and cardiac catheterization data. 

Table 13 
Summary information taken from cardiac catheterization broken down by diagnosis group 
Only for patients within cohort for longitudinal analysis
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Idiopathic, heritable, or anorexigen-induced pulmonary arterial 
hypertension

93% 59% 65 51 - 73 3% 48 10 11 2.2 9.0

Pulmonary arterial hypertension associated with connective 
tissue disease

86% 81% 66 57 - 72 3% 41 8 11 2.6 6.9

Pulmonary arterial hypertension associated with congenital  
heart disease

30% 68% 56 39 - 70 10% 45 9 12 3.0 5.0

Chronic thromboembolic pulmonary hypertension (operated) 92% 46% 61 47 - 70 13% 38 9 11 2.4 5.0

Chronic thromboembolic pulmonary hypertension (not operated) 80% 52% 69 55 - 77 3% 42 9 11 2.2 6.4

Source: National Audit of Pulmonary Hypertension 2014
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Figure 6 investigates how long it takes from starting 
monotherapy to the failure of monotherapy (defined 
as any of all-cause mortality, transplantation or starting 
combination therapy). It is broken down by key diagnostic 
group: idiopathic, heritable or anorexigen-induced 
pulmonary arterial hypertension, connective tissue 
disease associated pulmonary arterial hypertension, 
congenital heart disease associated pulmonary arterial 
hypertension, chronic thromboembolic pulmonary 
hypertension (operated) and chronic thromboembolic 
pulmonary hypertension (not operated). 

Connective tissue disease associated pulmonary  
arterial hypertension and idiopathic, heritable or 
anorexigen-induced pulmonary arterial hypertension 
show very similar curves with 65 per cent of a patient’s 
monotherapy failing within two years. There are marked 
differences between chronic thromboembolic pulmonary 
hypertension (operated) and chronic thromboembolic 
pulmonary hypertension (not operated), with 
monotherapy having failed for only 14 per cent  
of operated chronic patients, but 38 per cent of  
non-operated patients.

Cohort information

Time elapsed Idiopathic, heritable, 
or anorexigen-induced 

pulmonary arterial 
hypertension

Pulmonary arterial 
hypertension associated 

with connective  
tissue disease

Pulmonary arterial 
hypertension associated 

with congenital 
heart disease

Chronic thromboembolic 
pulmonary hypertension 

(operated)

Chronic thromboembolic 
pulmonary hypertension 

(not operated)

0 years 790 563 456 313 453

1 year 320 219 238 263 237

2 years 166 112 138 191 139

Source: National Audit of Pulmonary Hypertension 2014

Figure 6 
Kaplan Meier curve showing the time to failure of monotherapy (by start of combination therapy, transplant or death) by latest diagnosis group 
Only for patients within cohort for longitudinal analysis
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Figure 7 
Kaplan Meier curve showing the time to failure of monotherapy (by start of combination therapy, transplant or death) with a diagnosis of idiopathic,  
heritable, or anorexigen-induced pulmonary arterial hypertension, by WHO functional class closest to start of monotherapy 
Only for patients within cohort for longitudinal analysis
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Cohort information

Time elapsed WHO class II WHO class III WHO class IV

0 years 44 576 155

1 year 25 241 50

2 years 16 128 20

Source: National Audit of Pulmonary Hypertension 2014

Figure 7 investigates how long it takes from starting 
monotherapy to the failure of monotherapy for patients 
with idiopathic, heritable, or anorexigen-induced 
pulmonary arterial hypertension by the WHO functional 
class recorded closest to their first therapy.

Caution is advised when interpreting this graph as the 
number of people in WHO functional classes II and IV 
are low. There is considerable difference between the 
outcomes of the WHO functional classes with the failure 
of monotherapy being much more likely for patients with 
more severe symptoms.

WHO class II

 

WHO class III

 
 
 
WHO class IV



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 27

Cohort information

Time elapsed Idiopathic, heritable, or 
anorexigen-induced pulmonary 

arterial hypertension

Pulmonary arterial hypertension 
associated with connective  

tissue disease

Pulmonary arterial hypertension 
associated with congenital  

heart disease

Chronic thromboembolic 
pulmonary hypertension  

(not operated)

0 years 368 271 90 74

1 year 229 149 57 33

2 years 117 71 27 12

Source: National Audit of Pulmonary Hypertension 2014

Figure 8 investigates how long it takes from starting 
combination therapy to the failure of combination therapy 
(defined as all-cause mortality or transplantation).  
This is broken down by key diagnostic group: idiopathic, 
heritable, or anorexigen-induced pulmonary arterial 
hypertension, connective tissue disease associated 
pulmonary arterial hypertension, congenital heart disease 
associated pulmonary arterial hypertension, and chronic 
thromboembolic pulmonary hypertension (not operated). 

Caution is advised when interpreting this graph as the 
number of people in certain diagnostic groups is very 
low. Chronic thromboembolic pulmonary hypertension 
(operated) has been removed from this graph as the 
number of cases was too low to display. 

Compared to Figure 6, the curves are more closely 
grouped together and do not follow the same order. 
In Figure 6 idiopathic, heritable or anorexigen-induced 
pulmonary arterial hypertension has the highest failure 
rate at two years, but for combination therapy failure in 
Figure 8 it does not. These curves reflect actual clinical 
practice but take no account of any delay between 
diagnosis and starting of treatment. 

Figure 8 
Kaplan Meier curve showing the time to failure of combotherapy (by transplant or death) by latest diagnosis group  
Only for patients within cohort for longitudinal analysis

 

Chronic 
thromboembolic 
pulmonary 
hypertension  
(not operated)

100

90

80

70

60

50

40

30

20

10

0
 1 183 365 547 729

Days

Source: National Audit of Pulmonary Hypertension 2014

Pulmonary arterial  
hypertension associated with 
congenital heart disease

Idiopathic, heritable, or 
anorexigen-induced pulmonary 
arterial hypertension

Pulmonary arterial  
hypertension associated with 
connective tissue disease 

Chronic thromboembolic 
pulmonary hypertension  
(not operated)



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 28

Cohort information

Time elapsed Phosphodiesterase 5 inhibitor plus 
endothelin receptor antagonist 

0 years 854

1 year 498

2 years 225

Source: National Audit of Pulmonary Hypertension 2014

Combination oral drug therapy is a topic of current interest 
in randomised trials, and how these two groups of drugs 
are used may evolve in the future. To determine whether 
outcomes improve with this combination Figure 9 was 
produced for future comparison. Figure 9 investigates 
how long it takes from starting a combination therapy 
of a phosphodiesterase 5 inhibitor plus an endothelin 
receptor antagonist to failure of this combination (which 
is defined as all-cause mortality or transplantation). 
At one year 17 per cent had experienced failure of a 
phosphodiesterase 5 inhibitor plus endothelin receptor 
antagonist. This curve takes no account of the length of 
time that may have elapsed before the starting event. 

Figure 9 
Kaplan Meier curve showing the time to failure (by transplant or death) from start of a phosphodiesterase 5 inhibitor plus an endothelin receptor antagonist 
for all diagnoses 
Only for patients within cohort for longitudinal analysis
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Cohort information

Time elapsed Prostanoids

0 years 274

1 year 128

2 years 67

Source: National Audit of Pulmonary Hypertension 2014

Figure 10 investigates how long it takes from starting a 
prostanoid (as part of either monotherapy or combination 
therapy) until failure of that drug (which is defined as 
all-cause mortality or transplantation). Of those starting 
prostanoids, 34 per cent started them as monotherapy.  
One year after starting prostanoids 33 per cent of patients 
have had a transplant or died. 

Figure 10 
Kaplan Meier curve showing the time to failure (by transplant or death) from start of prostanoids for all diagnoses 
Only for patients within cohort for longitudinal analysis
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Figures 11 and 12 are Kaplan Meier curves describing 
all-cause mortality. Both of these use the cohort of 
longitudinal analysis. Under each Kaplan Meier curve is  
a table showing the number of patients that remain within 
the cohort at key points. Both curves terminate at the three 
year point as three year survival is a standard metric. 

Figure 11 displays how long it takes from first referral 
to all-cause mortality broken down by key diagnostic 
group – idiopathic, heritable, or anorexigen-induced 
pulmonary arterial hypertension, connective tissue 
disease associated pulmonary arterial hypertension, 
congentital heart disease associated pulmonary arterial 

hypertension, chronic thromboembolic pulmonary 
hypertension (operated) and chronic thromboembolic 
pulmonary hypertension (not operated).  

Both idiopathic, heritable, or anorexigen-induced 
pulmonary arterial hypertension and connective tissue 
disease associated pulmonary arterial hypertension follow 
a very similar path and this differs from reports from 
France and the United States12,13. Of note is that chronic 
thromboembolic pulmonary hypertension (operated) has 
a better survival than chronic thromboembolic pulmonary 
hypertension (not operated). Table 14 contains survival 
rates taken from Figure 11 at one and three years.  

Cohort information

Time elapsed Idiopathic, heritable, 
or anorexigen-induced 

pulmonary  
arterial hypertension

Pulmonary arterial 
hypertension associated 

with connective 
tissue disease

Pulmonary arterial 
hypertension associated 

with congenital heart 
disease

Chronic thromboembolic 
pulmonary hypertension 

(operated)

Chronic thromboembolic 
pulmonary hypertension 

(not operated)

0 years 872 671 627 501 684

1 year 606 459 438 460 435

2 years 387 303 295 350 262

3 years 217 181 167 208 163

Source: National Audit of Pulmonary Hypertension 2014

Survival Outcome Analysis

Table 14 
One and three year survival rates by latest diagnosis group taken from Figure 11
Only for patients within cohort for longitudinal analysis

Diagnosis group 1 year survival rate 3 year survival rate

Idiopathic, heritable, or anorexigen-induced pulmonary arterial hypertension 86% 63%

Pulmonary arterial hypertension associated with connective tissue disease 85% 60%

Pulmonary arterial hypertension associated with congenital heart disease 95% 83%

Chronic thromboembolic pulmonary hypertension (operated) 98% 90%

Chronic thromboembolic pulmonary hypertension (not operated) 88% 70%

Source: National Audit of Pulmonary Hypertension 2014

Figure 11 
Kaplan Meier curve showing the time from referral to death by latest diagnosis group 
Only for patients within cohort for longitudinal analysis
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Cohort information

Time elapsed WHO class II WHO class III WHO class IV

0 years 76 598 182

1 year 54 421 118

2 years 40 268 70

3 years 29 148 34

Source: National Audit of Pulmonary Hypertension 2014

Figure 12 displays how long it takes from first referral to 
all-cause mortality for patients with a latest diagnosis of 
idiopathic, heritable, or anorexigen-induced pulmonary 
arterial hypertension according to the WHO functional 
class. Care should be taken when interpreting these 
curves as the number of cases for some functional classes 
is very low.

It is noticeable that the WHO functional class II and III 
patients have similar survival curves up until the end of 
two years, after which WHO functional class III worsens.  
It is worth noting that the beginning of the curves will 
have higher reliability. 

Figure 12 
Kaplan Meier curve showing the time from referral to death for patients with a latest diagnosis of idiopathic, heritable, or anorexigen-induced pulmonary arterial 
hypertension, by earliest recorded WHO functional class 
Only for patients within cohort for longitudinal analysis

 

Cumulative  
survival %

100

90

80

70

60

50

40

30

20

10

0
 1 183 365 547 729 911 1,093

Days

Source: National Audit of Pulmonary Hypertension 2014

WHO class II

 
 
WHO class III

 

 
 
WHO class IV



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 32

Recommendations

1.  To maintain this audit, it is imperative that centres 
ensure that staff with appropriate skills, and access  
to the necessary resources, are in place to complete 
data entry.

2.	 	Resourcing	of	data	collection	needs	to	be	built	into	
new national pulmonary hypertension service tariff 
arrangements in a sustainable way.

3.  Continued review and improvement of data entry 
and database systems is required to ensure high 
quality data. Particular focus needs to be placed on 
completion of final diagnoses, and checking cardiac 
catheterization against diagnosis, to determine if the 
mean pulmonary artery pressure is consistent with  
the diagnosis.

4.  There is a need to describe the experience of patients 
who attend specialised centres by the selection and 
implementation of patient reported outcomes using 
a single measure. At present the audit only collects 
whether a quality of life questionnaire has been 
completed.

5.  Over the next year the audit will continue to develop 
comparisons between specialised centres of survival 
of selected patient diagnostic groups. 

6.  The clinical findings in this report should continue  
to be reported annually.

7.  The National Audit of Pulmonary Hypertension should 
continue to be supported and funded since it has 
demonstrated that important information can be 
collected and analysed for the benefit of patients  
and future service planning.



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 33

References

1.  NHS Information Centre. First annual report: Key 
findings from the National Audit of Pulmonary 
Hypertension for the United Kingdom, Channel 
Islands	and	Isle	of	Man.	Report	for	the	Audit	Period	
April 2009 to March 2010. http://www.hscic.gov.uk/ph

2.	 	NHS	Information	Centre.	Second	Annual	Report:	
key findings from the National Audit of Pulmonary 
Hypertension of the United Kingdom, Channel Islands 
and Isle of Man for the audit period April 2010 – 
March 2011. http://www.hscic.gov.uk/ph

3.  Health and Social Care Information Centre. Third 
Annual	Report:	key	findings	from	the	National	Audit	
of Pulmonary Hypertension of the United Kingdom, 
Channel	Islands,	Gibraltar	and	Isle	of	Man.	Report	 
for the audit period April 2011 – March 2012.  
http://www.hscic.gov.uk/ph

4.  Health and Social Care Information Centre. Fourth 
Annual	Report:	key	findings	from	the	National	Audit	
of Pulmonary Hypertension of the United Kingdom, 
Channel	Islands,	Gibraltar	and	Isle	of	Man.	Report	for	
the audit period April 2012 – March 2013.  
http://www.hscic.gov.uk/ph

5.  National Pulmonary Hypertension Centres of 
the UK and Ireland. Consensus statement on the 
management of pulmonary hypertension in clinical 
practice. Heart 2008; 94 (Suppl I):i1-i41. Thorax 2008; 
63 (Suppl II):ii1-ii41.

6.  Galiè N, Hoeper MM, Humbert M, Torbicki A, Vachiery 
JL, Barbera JA, Beghetti M, Corris P, Gaine S, Gibbs 
JSR,	Gomez-Sanchez	MA,	Jondeau	G,	Klepetko	W,	
Opitz	C,	Peacock	A,	Rubin	L,	Zellweger	M,	Simonneau	
G. Guidelines for the diagnosis and treatment of 
pulmonary hypertension: The Task Force for the 
Diagnosis and Treatment of Pulmonary Hypertension 
of the European Society of Cardiology (ESC) and 
the	European	Respiratory	Society	(ERS),	endorsed	
by the International Society of Heart and Lung 
Transplantation (ISHLT). Eur Heart J. 2009;30:2493-
2537	and	Eur	Respir	J.	2009;34:1219-1263.

7.  NHS Commissioning Board. Commissioning Policy 
Statement: National policy for targeted therapies for 
the treatment of pulmonary hypertension in adults. 
March	2013	Reference	:	NHSCB/A11/PS

8.  NHS Commissioning Board. Clinical Commissioning 
Policy: Targeted Therapies for Pulmonary 
Hypertension Functional Class II. April 2013  
Reference	:	NHSCB/A11/P/a

9.  NHS England. National policy for targeted therapies 
for the treatment of pulmonary hypertension in adults 
-	inclusion	of	Macitentan.	30	May	2014	Reference:	
(A11/P/b)

10.		Simonneau	G,	Robbins	IM,	Beghetti	M,	et	al.	Updated	
clinical classification of pulmonary hypertension.  
J Am Coll Cardiol 2009 Jun 30;54(1 Suppl):S43-S54.

11.  Simonneau G, Gatzoulis MA, Adatia I, Celermajer D, 
Denton C, Ghofrani A, Gomez Sanchez MA, Krishna 
Kumar	R,	Landzberg	M,	Machado	RF,	Olschewski	H,	
Robbins	IM,	Souza	R.	Updated	clinical	classification	of	
pulmonary hypertension. J Am Coll Cardiol 2014 Feb 
25;63(7):746.

12.		Chung	L,	Domsic	RT,	Lingala	B,	Alkassab	F,	Bolster	
M, Csuka ME, Derk C, Fischer A, Frech T, Furst DE, 
Gomberg-Maitland M, Hinchcliff M, Hsu V, Hummers 
LK, Khanna D, Medsger TA Jr, Molitor JA, Preston 
IR,	Schiopu	E,	Shapiro	L,	Silver	R,	Simms	R,	Varga	
J, Gordon JK, Steen VD. Survival and predictors of 
mortality in systemic sclerosis-associated pulmonary 
arterial hypertension: outcomes from the pulmonary 
hypertension assessment and recognition of outcomes 
in	scleroderma	registry.	Arthritis	Care	Res	(Hoboken).	
2014 Mar;66(3):489-95.

13.  Humbert M1, Sitbon O, Yaïci A, Montani D, 
O'Callaghan DS, Jaïs X, Parent F, Savale L, Natali D, 
Günther S, Chaouat A, Chabot F, Cordier JF, Habib 
G,	Gressin	V,	Jing	ZC,	Souza	R,	Simonneau	G;	French	
Pulmonary Arterial Hypertension Network. Survival 
in incident and prevalent cohorts of patients with 
pulmonary	arterial	hypertension.	Eur	Respir	J.	2010	
Sep;36(3):549-55.



Copyright © 2015. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 34

Appendix 1: Dana Point Clinical Classification 
of Pulmonary Hypertension (reference 10)

1 Pulmonary arterial hypertension (PAH) 

 1.1 Idiopathic PAH

 1.2 Heritable

	 	 1.2.1	BMPR2

   1.2.2 ALK1, endoglin (with or without hereditary 
haemorrhagic telangiectasia)

  1.2.3 Unknown.

 1.3 Drugs and toxins induced

 1.4 Associated with (APAH):

  1.4.1 Connective tissue diseases

  1.4.2 HIV infection

  1.4.3 Portal hypertension

  1.4.4 Congenital heart disease

  1.4.5 Schistosomiasis

  1.4.6 Chronic haemolytic anaemia

  1.5 Persistent pulmonary hypertension of  
the newborn

1* – Pulmonary veno-occlusive disease and/or 
pulmonary capillary haemangiomatosis   

2 – Pulmonary hypertension due to left heart disease

 2.1 Systolic dysfunction

 2.2 Diastolic dysfunction

 2.3 Valvular disease 

3 – Pulmonary hypertension due to lung diseases and/
or hypoxia

 3.1 Chronic obstructive pulmonary disease

 3.2 Interstitial lung disease

  3.3 Other pulmonary diseases with mixed restrictive 
and obstructive pattern

 3.4 Sleep-disordered breathing

 3.5 Alveolar hypoventilation disorders

 3.6 Chronic exposure to high altitude

 3.7 Developmental abnormalities

4 - Chronic thromboembolic pulmonary hypertension 

5 – Pulmonary Hypertension with unclear and/or 
multifactorial mechanisms

  5.1 Haematological disorders: myeloproliferative 
disorders, splenectomy.

  5.2 Systemic disorders, sarcoidosis, 
pulmonary Langerhans cell histiocytosis, 
lymphangioleiomyomatosis, neurofibromatosis, 
vasculitis

  5.3 Metabolic disorders: glycogen storage disease, 
Gaucher disease, thyroid disorders 

  5.4 Others: tumoral obstruction, fibrosing 
mediastinitis, chronic renal failure on dialysis

ALK-1: Activin receptor-like kinase 1 gene

APAH: associated pulmonary arterial hypertension

BMPR2: Bone morphogenetic protein receptor, type II

HIV: human immunodeficiency virus

PAH: pulmonary arterial hypertension 
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Appendix 2: World Health Organization  
(WHO) Classification of Severity of Symptoms

The severity of symptoms are recorded using the  
World Health Organisation (WHO) functional class: 

•	 	Class	I:	Patients	with	pulmonary	hypertension	but	
without resulting limitation of physical activity. 
Ordinary physical activity does not cause undue 
dyspnoea or fatigue, chest pain or near syncope.

•	 	Class	II:	Patients	with	pulmonary	hypertension	
resulting in slight limitation of physical activity.  
They are comfortable at rest. Ordinary physical  
activity causes undue dyspnoea or fatigue,  
chest pain or near syncope.

•	 	Class	III:	Patients	with	pulmonary	hypertension	
resulting in marked limitation of physical activity.  
They are comfortable at rest. Less than ordinary 
activity causes undue dyspnoea or fatigue,  
chest pain or near syncope.

•	 	Class	IV:	Patients	with	pulmonary	hypertension	with	
inability to carry out any physical activity without 
symptoms. These patients manifest signs of right heart 
failure. Dyspnoea and/or fatigue may even be present 
at rest. Discomfort is increased by any physical activity.

This is akin to New York Heart Association functional 
class. Efforts are made to record a WHO class for all 
patients at each hospital visit but this is not possible  
in all cases. 
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Supporting 
Physicians

Martin Johnson

Colin Church

Roberta	Bini

Lauren Shearer

Corinna Pauls 

Sadia Quyam 

Luke Howard

Rachel	Davies

Nick Morrell

Karen Sheares

Dolores 
Taboada-Buasso

Mark Toshner

John Cannon

Michael 
Gatzoulis

Kostas 
Dimopoulos

Gerhard Diller

Clive Handler*

Benji Schreiber*

Mahmood 
Ahmad*

Charlie Elliot

Robin	Condliffe

Ian Sabroe

Anthanasios 
Charalampopoulos

James Lordan

Andrew Fisher

Guy MacGowan

Surgeons (PEA) David Jenkins

John Dunning

Steven Tsui

Choo Ng

Clinical Nurse 
Specialists

Agnes  Crozier

Karon Carson

Val Pollock

Yvette Flynn 
(Lead CNS) 

Katie Smith

Jenny Lawty

Rebecca	Turquet

Wendy Gin-Sing

Chantal Torpy

Eilish Lawlee

Natalie 
Doughty*

Sam Clare*

Sue Mepham*

Anie 
Ponnaberanam*

Maxine Leitch*

Nicola Speed*

Carl Harries

Lisa Parfitt

Sally 
Reddecliffe*

Adele 
Gallimore*

Matifadza 
Danha*

Iain Armstrong 
(Nurse Consultant)

Paul Sephton

Jayne Jones

Jane Wilkinson

Sian Garrad

Margaret Day

Rachel	Crackett*

Julia de Soyza

Data Managers Simon Kerridge* George Villa* Adama Fofana* Sweeta Dhakan* Anthony 
Piwowarski

Sheila Forshaw Paul McAlinden*

Anne	Ramsey*

Pharmacist Allan Smith Lynne Cochrane Lynn Humphrey Duncan Grady Beejal Shah Phil Southworth Neil Hamilton

Michaela Sellars

Mark Graves

Maria Allen

Radiologists Michael Sproule Cathy Owens

Andrew Taylor

Ben Ariff

Mary	Roddie

James Jackson

Nick Screaton

Deepa Gopalan

Michael	Rubens

Simon Padley

Jamanda 
Haddock

Christine Davies

Catherine HIll

Leslie Mitchell

Michelle Muller

Service  
Manager

Lynne Aiton Ben Douglas Graham Lomax Alison Gibson

Carrie 
Symington

Vanessa 
Saberton-Smith

Kelly Goulding David Carpenter Robert	Rathbone Liz Bailey

IT Staff George Villa David Wilcox

Jim Butler

Colin Gordon

George 
Lampadariou

Karen George

Administrative  
Staff

Veronica Ferry

Kirsty Menzies

Bridget	Zotti

Claudia Da 
Costa

Lucia Heath

Jermaine 
Charles

Chiu-Yee Liu

Karin Johnson*

Tanya VonSeld

Christine Butler*

Naomi 
Fitzgerald*

Jane Fisher 

Lilly Morgans

Sylvia Dedman

Alison Narcisse*

Sarah Page*

Joanna Mash*

Cathal Coghlan*

Stacey Hunter

Amanda Poirrier

Michelle Eyre

Denise Stephenson 

Helen Birtwhistlew

Kim Clay

*indicates staff who entered data

PEA – pulmonary endartarectomy
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Name Role Organisation 

Simon Gibbs (Chair) Clinical Lead & Chief Auditor (Project Executive) Imperial College London & Imperial College Healthcare NHS Trust

David Kiely Senior User (Physician) Chair of Physicians Committee  from 2012

Ursula Peaple Senior User (Commissioners) National Programme Director Internal Medicine, NHS England

Geoffrey Carroll Senior User (Commissioners) Medical Director, Health Commission, Wales

Carol Wilson Senior User (Commissioners) Consultant Cardiologist, Belfast Health & Social Care Trust

Mike Winter Senior User (Commissioners) Medical Director, NHS National Services Scotland

Paul Corris Senior User (Physician) Chairman,	Pulmonary	Hypertension	CRG,	NHS	England

Natalie Doughty Senior User (Nursing) Papworth NHS Foundation Trust

Carrie Symington Senior User (Service Manager) Papworth NHS Foundation Trust

Sean Gaine Senior User (Physician) Mater Hospital, Dublin, Ireland

Martin Johnson Senior User (Physician) NHS Greater Glasgow & Clyde

Shahin Moledina Senior User (Physician) Paediatric Pulmonary Hypertension Service

Kay Yeowart Senior User (Patients) Pulmonary Hypertension Association UK 

Julie Michalowski Project Manager Health and Social Care Information Centre

Alyson Whitmarsh Clinical Audit Programme Manager Health and Social Care Information Centre
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