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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.

The 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 NHS Boards and  
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 specialised services for the population 
of Wales.
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In the UK, national audits play a leading role in 
influencing healthcare delivery. The Annual Report 
of the National Audit of Pulmonary Hypertension, 
now in its sixth year, reflects the remarkable progress 
and collaborative work of healthcare professionals, 
commissioners and PHA-UK (the patient). The NHS 
continues to strive to offer equitable care in a very 
challenging setting. Nowhere is this challenge greater 
than in the provision of services for rare diseases such 
as pulmonary hypertension. Epidemiological data 
for diverse types of pulmonary hypertension and the 
pattern of referral to designated centres plays a critical 
role in improving and planning health services for 
patients, now and in the future. The UK now has a model 
of care which is highly respected throughout the world.

With all UK centres having robust systems for Audit data 
collection, the report can confidently evaluate certain 
outcome measures. It is important for us all that these 
feature more prominently as the Audit continues to 
mature. The Audit is strategic in improving outcomes for 
patients. Enormous thanks go out to everyone who has 
worked so hard to collect, analyse and report this data.  
In an environment where resources are finite it is vital  
we ensure that these are used wisely.

Over the six years since its initiation, the quality of 
data in the Audit has given us a greater understanding 
of the patient journey. In the care of this patient 
group it is essential not only to understand the 
disease, the treatment and the financial cost, but also 
the perspective of those who are central to all we 
are doing and planning to do. While any audit will 
describe the ‘big picture’, it is the patient experience 
and understanding that ought to occupy all our 
attention. The understanding of the vulnerability that 
often accompanies life-threatening illnesses such as 
pulmonary hypertension, and the complexity and 
uncertainty associated with many decisions having to  
be made, is the art of quality healthcare at every stage. 

 
 
 
 
 
 
Iain Armstrong 
Chairman

Pulmonary Hypertension UK (PHA UK)

Foreword
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The National Audit of Pulmonary Hypertension is a 
nationwide audit of specialised pulmonary hypertension 
centres in Great Britain. The purpose of the Audit is 
to describe clinical practice, 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 five previous national Audit reports1-5.

The data presented in this report is that from the year 
1 April 2014 to 31 March 2015 and covers patients seen 
at the eight specialised centres. This Audit includes 
England, Scotland, Wales, Northern Ireland, the 
Channel Islands, Gibraltar and the Isle of Man. Northern 
Ireland patients are only present in a limited number 
of analyses in this Audit due to issues in maintaining a 
legal route for the submission of data related to patients 
treated in Northern Ireland. Patients with a Northern 
Ireland postcode, but treated elsewhere, have also 
been removed as we believe that the removal of data 
submitted by Northern Ireland makes it unlikely we will 
have a full treatment history for those patients. Numbers 
for Northern Ireland, calculated by the Belfast Health 
and Social Care Trust, are presented in Table 3. Patients 
from Northern Ireland are not present in any other new 
analyses in this report. Patients from Northern Ireland 
were included in previous years’ Audits and, where 
we are republishing data from previous years, they are 
included in this report. We have indicated this in footnotes. 
It is also worth noting that as The Newcastle upon Tyne 
Hospitals NHS Foundation Trust is the specialised centre 
for Northern Ireland patients, their figures in this report 
could be reduced compared to previous years due to  
the absence of the Northern Ireland data. 

The specialised centres follow current European Society 
of Cardiology / European Respiratory Society Pulmonary 
Hypertension guidelines and UK recommendations6, 
and are responsible for making an accurate diagnosis, 
initiating 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 drug 
therapies in England is controlled by NHS England 
policies on pulmonary hypertension drugs, which were 
last updated in May 20147. Scotland, Wales and Northern 
Ireland are not bound by, but 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 classification8. The changes made to the 
Nice 2013 clinical classification9 were small. Given the 
amount of work required 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 publications for this Audit was undertaken. 
A number of changes and additions have been made 
in this report, building on the work done previously. 
These include publication of centre level standardised 
mortality rates, increased use of statistics by centre, and 
further investigations into the outcome of pulmonary 
endarterectomy.

Introduction

Table 1  
Specialised 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

Source: National Audit of Pulmonary Hypertension 2015
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1.  All specialised pulmonary hypertension centres  
in the UK participated in the sixth National Audit  
of Pulmonary Hypertension.

2.  Data from Northern Ireland has been excluded due  
to issues in maintaining a legal route for the submission 
of data.

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 pulmonary 
hypertension drug therapies, since 2004.

4.  A snapshot of the data on 31 March 2015 showed that 
there has been a 56 per cent increase in the number  
of patients with an active referral since 31 March 2010 
(in the first year of the Audit), reaching 6671 patients 
on 31 March 2015.

5.  There has been a 21 per cent increase in the number 
of new referrals over the last five years. The percentage 
of patients having their first consultation or discharge 
within 30 days is 43 per cent, while 89 per cent were 
managed within 90 days. This delay has not improved 
over the last five years.

6.  Of all new referrals seen in 2013/14 (the latest year 
with a complete diagnosis dataset for new referrals),  
27 per cent had pulmonary arterial hypertension,  
11 per cent had chronic thromboembolic pulmonary 
hypertension, and 23 per cent had no pulmonary 
hypertension.

7.  Wales has the highest proportion of patients on 
pulmonary hypertension drugs for the number of 
patients referred.

8.  Scotland has the highest treatment rate per capita 
population, with nine more patients per million 
population receiving pulmonary hypertension drug 
therapy than England or Wales. The median age of 
patients treated with pulmonary hypertension drug 
therapies in Great Britain was 59 years in 2014/15.

9.  The proportion of patients receiving sildenafil as first 
line drug therapy has increased from 62 per cent in 
2010/11 to 89 per cent in 2014/15.

10.  A snapshot of pulmonary hypertension drug 
prescriptions on 31 March 2015 showed that 58 per 
cent were for a phosphodiesterase 5 inhibitor, 34 per 
cent were for an endothelin receptor antagonist, and 
four per cent were for a prostacyclin analogue.

11.  The time from making a diagnosis of chronic 
thromboembolic pulmonary hypertension to 
pulmonary endarterectomy, in eligible patients,  
was a median of 284 days in 2012/13. It is likely that 
patients first diagnosed in 2013/14 with the longest 
wait durations may not have been operated on by  
31 March 2015, hence a more timely figure is not  
yet available.

12.  An extended analysis of survival in chronic 
thromboembolic pulmonary hypertension patients 
shows a 14 per cent difference between operated  
and not operated patients at three years. The analysis 
was intended to minimise statistical bias.

13.  Five year survival is reported for the first time. 
For idiopathic, heritable and anorexigen-induced 
pulmonary arterial hypertension this was 46 per cent, 
for connective tissue disease associated pulmonary 
arterial hypertension 42 per cent, and for congenital 
heart disease associated  pulmonary arterial 
hypertension 72 per cent. 

14.  Survival of portal hypertension associated pulmonary 
arterial hypertension is reported for the first time and 
was 63 per cent at three years.

15.  A comparison of mortality of idiopathic, heritable 
and anorexigen associated pulmonary arterial 
hypertension at six out of seven adult specialist 
centres showed no significant difference between  
the centres.

Executive summary of key findings
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Overview of the service

All specialised centres participated in the Audit.  
As explained in the introduction, patients treated in 
Northern Ireland were not collected within the Audit, 
and patients with a Northern Ireland postcode have 
been excluded, irrespective of which centre has  
treated them. 

Data directly collected by the shared care site at the 
Hull and East Yorkshire Hospitals NHS Trust have been 
included in The Newcastle upon Tyne Hospitals NHS 
Foundation Trust’s figures as this is the responsible 
specialised pulmonary hypertension centre. 

Three lung transplants have been recorded during  
this year.

Figure 1 shows the number of patients active (with 
an open referral) and on pulmonary hypertension drug 
therapy on 31 March, for each of the last 12 years. The 
reported figures for 2004 to 2014 contain patients from 
Northern Ireland, although in the earlier years there was 
an acknowledged under representation of such patients. 
The exclusion of Northern Ireland from this analysis is 
likely to be responsible for the apparent slower rate of 
increase in the size of the service in 2015.

The Audit began on 1 April 2009 and its first year 
covered up to 31 March 2010. Figures for dates before 
that point were not collected by the Audit. Over the 
duration of the Audit, there has been a large increase in 
the number of patients with an active referral at the end 
of the year, rising 56 per cent, from 4,287 on 31 March 
2010 to 6,671 on 31 March 2015. 

During this time the proportion of patients on 
pulmonary hypertension drug therapy has remained 
broadly similar; 56.8 per cent in 2009 and 55.5 per  
cent in 2015, while it has risen from the 41 per cent  
first recorded on 31 March 2004.

Figure 1 
Number of patients active under the service, and number of patients on pulmonary hypertension drug therapies, on 31 March

          Number of active patients              Number of patients on pulmonary hypertension drug therapy

Number 
of patients
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Year

Source: National Audit of Pulmonary Hypertension 2015
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Figure 2 tracks the number of first referrals to the 
service for each year of the Audit, while also showing 
the number of those first referrals who were diagnosed 
as having pulmonary hypertension within a year of their 
first referral. The diagnosis figures for 2014/15 referrals 
are excluded because some patients have not been 
under the service long enough to receive a diagnosis. 

During 2013/14, Sheffield Teaching Hospitals NHS 
Foundation Trust took on responsibility for a number 
of patients with congenital heart disease who had not 
previously been referred to a specialist centre. These 
patients count as a new referral in 2013/14 and are a 
factor in the apparent spike in new referrals in that year. 
All of these patients have a diagnosis of pulmonary 
hypertension.

Figure 2 
Number of patients by the year of their first referral, and number of patients with a diagnosis of pulmonary hypertension within a year of their first referral

          Number of new referrals              Number of new referrals with diagnosis of pulmonary hypertension within a year

Number 
of patients
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Year

Source: National Audit of Pulmonary Hypertension 2015
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Figure 3 tracks the total number of consultations in a 
year, and the number of individuals who had at least one 
consultation within that year. A consultation is when a 
patient is seen by a specialist centre as an outpatient,  
day case or inpatient.

For patients who have at least one consultation, the 
average number of consultations per patient has declined 
from 2.5 per annum in 2009/10 to 2.0 in 2014/15. The 
total number of recorded consultations per annum has 
risen by eight per cent over the period of the Audit. 

Figures 1 to 3 show some aspects of how the pulmonary 
hypertension service has changed while undergoing 
expansion. The number of active patients has risen 56  
per cent (between 31 March 2010 and 31 March 2015), 
while the number of new referrals has only increased  
21 per cent (between 2009/10 and 2014/15). 

The number of patients receiving at least one consultation 
per annum has risen by 33 per cent over the last five 
years. The total number of consultations has risen eight 
per cent over the same period. This has changed the 
average number of consultations (for a patient who 
receives at least one consultation in the relevant year) 
from 2.5 in 2009/10 to 2.0 in 2014/15.

Table 8 (on page 17) shows that the rate at which 
new referrals are being reviewed (either by having a 
consultation or being discharged) has remained broadly 
unchanged. As such it is believed that the change in 
the ratio of consultations is impacting on follow up 
consultations rather than first consultations. 

The seventh Annual Report will explore how the pattern 
of consultations within the service has changed and how 
centres are performing against the expected standards.

Figure 3 
Number of patients with a consultation, and number of consultations, by year

          Consultations              Patients with a consultation

Number 14000
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Year

Source: National Audit of Pulmonary Hypertension 2015
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Data quality

In the fifth Annual Report5, we published figures 
comparing the latest diagnostic code with a 
classification based on the latest catheterization.  
This showed a surprisingly large group of patients in 
which the diagnosis code identified them as not having 
pulmonary hypertension, while the latest catheterization 
indicated that they did. This was believed to mainly be 
the result of data inconsistencies, and organisations 
were to be given a chance to correct their data before  
it was published by individual centre figures. 

Following feedback from the centres, the methodology 
used this year has been updated from that used last year. 
We now use the highest mean pulmonary artery pressure 
measured at cardiac catheterization for each patient, 
rather than the latest, because drug therapy is intended 
to reduce the pulmonary artery pressure.

As expected, data quality has improved between 
last year and this year, indicating improved diagnosis 
information in the Audit. Based on the figures below,  
no centre is of concern. 

Table 2 
Proportion of patients with a latest diagnosis of 'not pulmonary hypertension', but with a recorded mean pulmonary artery pressure of 25 mm Hg or greater  
(at any point), by specialised centre

Only for patients within the cohort for longitudinal analysis

Specialised pulmonary hypertension centre Percentage diagnosed as 'not pulmonary hypertension' with a recorded mean 
pulmonary artery pressure of 25 mm Hg or greater at any point

Total 2%

Golden Jubilee National Hospital 0%

Imperial College Healthcare NHS Trust 2%

Papworth Hospital NHS Foundation Trust 1%

Royal Brompton and Harefield NHS Foundation Trust 0%

Royal Free London NHS Foundation Trust 1%

Sheffield Teaching Hospitals NHS Foundation Trust 3%

The Newcastle upon Tyne Hospitals NHS Foundation Trust 0%

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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Country information

This section explores differences between individual 
countries within the United Kingdom. All figures, other 
than age, are shown at a ‘rate per million population’ 
to allow comparison between different sized countries 
within the UK. Data from the Channel Islands, the Isle of 
Man and Gibraltar has been excluded due to the small 
numbers of patients.

The pulmonary hypertension service as a whole covers 
the UK with some services crossing national boundaries, 
such as Great Ormond Street Hospital for Children NHS 
Foundation Trust, which is responsible for the care of 
children irrespective of the country in which they are 
resident. 

Table 3 shows little difference in the age profile of the 
patients that each country treats. 

Wales does stand out with both a low rate of first time 
referrals and also a reduced rate of active referrals, 
which in turn is reflected in a reduced rate of all-cause 
pulmonary hypertension. 

Comparing pulmonary hypertension drug therapy active 
on 31 March 2015, Wales has the same rate as England, 
although both are lower than Scotland. Wales has a 
lower rate (per million population) of active referrals than 
England. This means that the proportion of patients in 
Wales with an active therapy is greater than in England.

Table 3 
Key information by country of residence
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Great Britain 59 43-71 35 106 59 82 16 17 11 2 23

England 59 43-71 35 107 58 82 15 17 11 1 23

Scotland 58 45-70 42 106 67 82 21 14 10 4 21

Wales 61 44-71 16 80 58 72 17 19 8 3 18

Note: Median and interquartile range rounded to the nearest number.

Source: National Audit of Pulmonary Hypertension 2015
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Northern Ireland 53 40-66 - - 42 46 14 15 7 2 6

Note: Northern Ireland figures calculated by Belfast Health And Social Care Trust. Does not contain patients with a Northern Ireland postcode recorded in other 
organisations' data - for example Great Ormond Street is responsible for treating all childhood cases of pulmonary hypertension irrespective of nation of residence. 

Source: National Audit of Pulmonary Hypertension 2015

Table 4 shows the percentage of patients with an active 
referral who are also on an active therapy, by year. This 
shows that the high proportion of patients on pulmonary 
hypertension drug therapy in Wales is not new, but has 
been the case for the entirety of the Audit.

Table 4 
Percentage of patients treated with a pulmonary hypertension drug therapy on 31 March, by country 

Only patients with an active referal on 31 March are included

2010 2011 2012 2013 2014 2015

Great Britain 53% 53% 54% 54% 56% 57%

England 51% 51% 52% 53% 55% 56%

Scotland 64% 65% 63% 65% 64% 63%

Wales 69% 69% 69% 71% 70% 73%

Source: National Audit of Pulmonary Hypertension 2015
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Cohort for longitudinal data analysis

To support certain analyses, a cohort of patients has been 
created 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 NHS Foundation Trust.

This cohort is used when there is a need to analyse 
data where the full treatment history for a patient is 
required. Since the Audit started on 1 April 2009, it is 
reasonable to expect that all of the events after that date 
will be recorded. Patients first referred to Great Ormond 
Street Hospital for Children NHS Foundation Trust are 
removed to limit the dataset 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 (the HSCIC cannot 
identify a patient, however the organisation that supplied 
the data can), so it is not possible to identify patients who 
have been treated in both Scotland and England. This 
means that a small number of patients may be included 
twice in the cohort for longitudinal analysis, once for the 
English recorded activity, and once for the Scottish. This 
is expected to impact most on Scottish children who are 
treated by Great Ormond Street Hospital for Children 
NHS Foundation Trust and are then transferred for adult 
treatment to the Golden Jubilee National Hospital.
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Commissioning

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

In England, the treatment of adult pulmonary hypertension 
with drug therapies is controlled by the NHS England 
policies on pulmonary hypertension drugs in force at the 
time of this Audit7. Scotland and Wales also largely follow 
these policies. 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 are only issued by specialised centres. 

The NHS England 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 World Health 
Organisation (WHO) functional class IV with clinical 
classification 1 or 1’ (see Appendix 4).

The data items collected by the Audit cannot directly 
measure compliance with the policy. While it is possible 
to report the rate at which certain key areas of the policy 
are being enacted, they are at best a broad indicator as  
to how the policy is being applied. 

Before a patient is started on therapy they should 
undergo cardiac catheterization to confirm the diagnosis 
of pulmonary hypertension. It is not required in some 
patients with congenital heart disease, and some very 
sick patients may need stabilizing before catheterization 
is attempted6.

Table 5 shows the number of patients who were in receipt 
of pulmonary hypertension drug therapy on 31 March 
2015 with a diagnosis of pulmonary hypertension, and 
what percentage of those patients had a catheterization 
recorded in the Audit database. While there is some 
variation, the overall proportion who have undergone 
cardiac catheterization is high.

Table 5 
Proportion of patients who had a latest diagnosis of pulmonary hypertension and were receiving pulmonary hypertension drug therapy on 31 March 2015,  
who have undergone cardiac catheterization

Only for patients within the cohort for longitudinal analysis

Specialised pulmonary hypertension centre Number of patients Percentage with a recorded cardiac catheterization

Total 1,849 94%

Golden Jubilee National Hospital 212 99%

Imperial College Healthcare NHS Trust 224 92%

Papworth Hospital NHS Foundation Trust 221 95%

Royal Brompton and Harefield NHS Foundation Trust 180 89%

Royal Free London NHS Foundation Trust 261 88%

Sheffield Teaching Hospitals NHS Foundation Trust 627 94%

The Newcastle upon Tyne Hospitals NHS Foundation Trust 124 99%

Note: This table excludes congenital heart disease associated pulmonary arterial hypertension.

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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One of the conditions used by the commissioning 
policy to determine eligibility for treatment is the WHO 
functional class of the patient (see Appendix 3 for further 
details). Patients in WHO functional class I are not eligible 
for therapy, patients with a WHO functional class of III and 
IV are eligible for treatment, while WHO functional class II 
are only eligible under a limited range of conditions10,11. 

The commissioning policy determines eligibility for 
treatment based on the diagnosis of the patient. Patients 
with a diagnosis of pulmonary arterial hypertension, 
or chronic thromboembolic pulmonary hypertension, 
patients with certain unclear or multifactorial mechanisms, 
and patients with pulmonary veno occlusive disease 
may be routinely prescribed drug therapy under the 
commissioning policy, while for other diagnoses patients 
are not eligible.

Unless an exception exists, such as an individual funding 
request being approved by the commissioners, a 
patient must have both an appropriate diagnosis and a 
sufficiently advanced WHO functional class to be eligible 
for pulmonary hypertension drug therapy. 

Table 6 details the proportion of patients on therapy 
for each of the combinations of WHO functional class 
(highest recorded for each patient) and diagnosis. 

The pattern is broadly as expected; a high WHO 
functional class means patients are more likely to be 
on some form of therapy, and are more likely to be on 
a therapy if the diagnosis is one for which therapy is 
routinely commissioned.

There are some unexpected numbers: 17 patients are  
on therapy despite being in WHO functional class I which 
is not sufficiently advanced to qualify for pulmonary 
hypertension drug therapy (irrespective of diagnosis). 
This may be the result of data discrepancies. 

Of those whose latest diagnosis is not eligible for 
pulmonary hypertension drug therapy and whose highest 
WHO functional class is IV, 55 per cent are on such a 
therapy. Even allowing for some data discrepancies, this 
is higher than exception driven usage would support, 
although it does not exclude the possibility that they  
have an approved individual funding request.

Table 6 
Proportion of patients receiving drug therapy on 31 March 2015, by diagnosis grouping and WHO functional class 

Only for patients within the cohort for longitudinal analysis

Latest diagnosis for which therapy is routinely commissioned Latest diagnosis for which therapy is not routinely commissioned

Highest WHO class Number of patients active 
on 31 March 2015

of which Percentage on therapy 
on 31 March 2015

Number of patients active 
on 31 March 2015

of which Percentage on therapy 
on 31 March 2015

I 17 24% 4 0%

II 191 29% 22 0%

III 2,224 72% 262 24%

IV 597 87% 71 55%

Unknown WHO 7  29% 2  0%

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015

Table 17 in Appendix 1 provides the same information 
but includes figures for additional diagnosis groups; 
not pulmonary hypertension and unknown or missing 
diagnosis.
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Following the commissioning guidelines, a patient  
should normally be started on a phosphodiesterase 5 
inhibitor before other pulmonary hypertension drugs. 
Table 7 shows the proportion of patients who received 
a phosphodiesterase 5 inhibitor as their first drug.

Over the course of the Audit this percentage has risen 
and, while there is variation, the trend is upwards. 

Table 7 
Proportion of patients receiving drug therapy whose first drug is a phosphodiesterase 5 inhibitor, by centre, for the last five years

Only for patients within the cohort for longitudinal analysis

Audit year

Centre 2010/11 2011/12 2012/13 2013/14 2014/15

Total 62% 77% 81% 81% 89%

Golden Jubilee National Hospital 58% 75% 65% 83% 89%

Imperial College Healthcare NHS Trust 70% 72% 66% 71% 80%

Papworth Hospital NHS Foundation Trust 56% 76% 74% 70% 86%

Royal Brompton and Harefield NHS Foundation Trust 71% 76% 87% 96% 93%

Royal Free London NHS Foundation Trust 69% 82% 94% 95% 96%

Sheffield Teaching Hospitals NHS Foundation Trust 59% 75% 84% 76% 89%

The Newcastle upon Tyne Hospitals NHS Foundation Trust 58% 86% 91% 89% 85%

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, so this data has been removed to ensure comparison between similar years.

Data from 2014/15  excludes Northern Ireland.

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015

The pulmonary hypertension service specification12 
states “There should be minimal delay between referral 
to a designated pulmonary hypertension centre and an 
outpatient consultant appointment”. It also set targets 
for the time a patient waits to see a specialist; which are 
a month for urgent referrals and two weeks for severely 
symptomatic referrals.

The Audit currently has no way to identify urgent or 
severely symptomatic referrals. As such, Table 8 provides 
a view on the time it takes for all new referrals to either  
be discharged or have a consultation.

It is clear from comparing 2009/10 and 2014/15 that 
there has been some variation in individual organisations. 
Overall, the service has shown no improvement, and in 
some cases the situation has worsened. This analysis 
takes no account of patients choosing to delay or failing 
to attend an appointment.

Table 8 
Proportion of patients who were either discharged or had a consultation within 30 or 90 days following their first referral

Only for patients within the cohort for longitudinal analysis

2009/10 2014/15

 
Hospital name

Number of 
first referrals

Percentage 
within 30 days

Percentage  
within 90 days

Number of 
first referrals

Percentage  
within 30 days

Percentage  
within 90 days

Total 1,704 47% 91% 2,151 43% 89%

Golden Jubilee National Hospital 147 38% 90% 222 61% 99%

Imperial College Healthcare NHS Trust 287 63% 98% 284 65% 88%

Papworth Hospital NHS Foundation Trust 197 26% 86% 291 30% 93%

Royal Brompton and Harefield NHS Foundation Trust 249 61% 88% 226 39% 72%

Royal Free London NHS Foundation Trust 254 54% 80% 272 48% 75%

Sheffield Teaching Hospitals NHS Foundation Trust 449 43% 94% 712 35% 95%

The Newcastle upon Tyne Hospitals NHS Foundation Trust 121 26% 94% 144 38% 97%

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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Chronic thromboembolic pulmonary hypertension

Patients diagnosed with chronic thromboembolic 
pulmonary hypertension are assessed for pulmonary 
endarterectomy (PEA) unless they do not wish to 
consider surgery. Pulmonary endarterectomy is a surgical 
procedure which is recognised to be the best treatment 
for patients with surgically accessible disease. 

Following investigation of patients with chronic 
thromboembolic pulmonary hypertension, the findings 
are sent by their specialised centre to the surgical 
unit at Papworth Hospital NHS Foundation Trust. The 
investigations performed at the specialised centre are 
carefully reviewed and discussed at the weekly national 
multi-disciplinary team (MDT) meeting in the presence  
of a PEA surgeon. Advice on the operability and 
benefits of pulmonary endarterectomy is provided to 
the specialised centre. For patients who are operable, 
the final decision to proceed with surgery is made by 
the patient, with full information about individual patient 
risks and benefits of pulmonary endarterectomy, and 
after discussion with the surgeon in the outpatient clinic 
at Papworth Hospital. At this stage most patients go on 
to have an operation. In some cases the patient or the 
surgeon may decide that, although they have operable 
disease, there are other reasons why they should not 
undergo pulmonary endarterectomy. The Audit captures 
when a pulmonary endarterectomy has been performed. 
It does not distinguish between operable and not 
operable patients because this opinion is difficult to 
capture accurately.

Table 9 shows information on the median delay from 
initial diagnosis of chronic thromboembolic pulmonary 
hypertension to pulmonary endarterectomy operation. 
Delays may be medical, administrative and/or patient 
choice.

It was decided not to publish figures for 2013/14 and 
2014/15 since it is possible that not all pulmonary 
endarterectomies that will be carried out on patients 
diagnosed in those years have actually been performed. 
Such analysis would result in an underestimate of the  
time to operation. 

It is the intent to publish information on this topic in  
the seventh Annual Report by the centre that made  
the diagnosis. 

Table 9 
Number of days (median, lower quartile, and upper quartile) between initial diagnosis of chronic thromboembolic pulmonary hypertension and pulmonary 
endarterectomy operation

Only for patients within the cohort for longitudinal analysis

Year of diagnosis of chronic thromboembolic  
pulmonary hypertension

Number of operations Days from diagnosis to operation

Lower quartile Median Upper quartile

2009/10 86 170 266 348

2010/11 120 161 236 348

2011/12 140 203 257 342

2012/13 117 230 284 340

Note: Figures rounded to the nearest number.

Information for 2013/14 and 2014/15 not shown as there has been insufficent time for all of the pulmonary endarterectomies to occur.

Earliest pulmonary endarterectomy operation is used for this table.

Earliest diagnosis of chronic thromboembolic pulmonary hypertension is used for this table.

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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Figures 4, 5 and 6 present information concerning survival 
of patients with chronic thromboembolic pulmonary 
hypertension.

Figure 4 shows the survival curve for patients following 
their first pulmonary endarterectomy. As it is based on 
first pulmonary endarterectomy and not first referral,  
it is not directly comparable with Figure 7 (page 23).

The number of patients at risk and percentage survival for 
Figure 4 can be found in Table 15 in Appendix 1.

Patients who undergo pulmonary endarterectomy 
must have survived long enough to receive the surgery. 
Table 9 shows that this delay can be considerable, which 
introduces a survival bias when comparing operated  
and not operated patients. The Audit has attempted  
to remove that survival bias as follows: 

A group of patients who had survived at least 18 months 
following their first diagnosis of pulmonary hypertension 
was created and split into two groups – those who had 
never had a pulmonary endarterectomy, and those who 
had surgery within the 18 months following their first 
diagnosis of pulmonary hypertension. Patients who had 
a pulmonary endarterectomy after 18 months following 
their first diagnosis were removed from both groups.  
The time of 18 months was chosen to ensure that the 
majority of patients for whom surgery was planned would 
have actually undergone that surgery, and was based 
on the data in Table 9. This work was limited to people 
who were 69 years of age or younger at the time of their 
diagnosis, because information published in the fifth 
Annual Report5 showed that the non-operated group 
was skewed towards the oldest patients.

This removes one source of bias from the groups,  
but there are other factors which influence survival such  
as age and severity of the disease. 

Figure 4 
Kaplan Meier curve showing the time from first pulmonary endarterectomy surgery to death 
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The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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Figure 5a and Figure 5b provide a profile of both 
operated and not operated groups, by age and WHO 
functional class (as a measure of the severity of the 
disease) for comparative purposes. While there are 
differences between the two groups (for example WHO 
functional class II is more common in the operated group 
than not operated, and age group 60-69 years is more 
common in the not operated group), the two groups are 
broadly similar.  

Figure 5a 
Age at diagnosis of chronic thromboembolic pulmonary hypertension
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The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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Figure 5b 
WHO functional class at diagnosis of chronic thromboembolic pulmonary hypertension
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Note: The earliest diagnosis of chronic thromboembolic pulmonary hypertension was used for this figure.

If no WHO functional class was recorded at diagnosis, the WHO functional class recorded closest to the diagnosis was used.

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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The extent of the difference between the two groups  
in Figure 5a and Figure 5b should be taken into account 
when considering Figure 6. 

While there does appear to be a difference between  
the two groups (14 per cent difference in survival at three 
years between operated and not operated patients), it 
is less pronounced than the figures published in the fifth 
Annual Report5.

As this is calculated from diagnosis, it is not comparable 
with Figure 7 below.

The number at risk and percentage survival for Figure 6 
can be found in Table 16 in Appendix 1.

Figure 6 
Kaplan Meier curve showing survival for chronic thromboembolic pulmonary hypertension patients, who were between 20 and 69 at the time of their diagnosis, 
and who survived at least 18 months after diagnosis

          Operation in period             No operation in period

Cumulative 
Survival

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
0 1 2 3

Years

Note: The earliest diagnosis of chronic thromboembolic pulmonary hypertension was used for this figure.

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015
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Survival of different types of pulmonary hypertension

Figure 7 is a Kaplan Meier survival curve describing all-
cause mortality.  Five of the curves terminate at the five 
year point as five year survival is a standard metric; one of 
the curves (portal hypertension) terminates at three years 
because the number of patients at risk is not sufficient to 
support publication of the curve beyond this.

Figure 7 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, congenital 
heart disease associated pulmonary arterial hypertension 
and portal hypertension associated pulmonary arterial 
hypertension.

The median survival time is the point at which 50 per cent 
of the starting cohort has died. These results are based 
on the current cohort of data only and may change in 
future years. 

In the sixth Annual Report cohort of patients, the median 
survival time for the types of pulmonary hypertension 
disease are as follows:

•	 	Idiopathic,	heritable	or	anorexigen-induced	
pulmonary arterial hypertension – four years and  
104 days

•	 	Connective	tissue	disease	associated	pulmonary	
arterial hypertension – three years and 335 days 

•	 	Pulmonary	hypertension	due	to	left	heart	disease	–	
four years and 213 days 

•	 	Pulmonary	hypertension	due	to	lung	disease	–	 
two years and 13 days 

•	 	Congenital	heart	disease	associated	pulmonary	
arterial hypertension and portal hypertension 
associated pulmonary arterial hypertension have  
not reached this point.  

Chronic thromboembolic pulmonary hypertension is 
not included in the figures below as presenting a single 
curve understates the survival of operated patients, while 
also overstating the survival of not operated patients. 
Publishing curves of operated and non-operated 
pulmonary hypertension is affected by the survival 
bias issues outlined in the previous chapter, ‘Chronic 
thromboembolic pulmonary hypertension’.  
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Scotland are not included in the lung disease or left heart 
disease curves due to difficulties in obtaining death data 
for those patients.

The number of patients at risk and percentage survival  
for Figure 7 can be found in Table 14 in Appendix 1.
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          Congenital heart disease associated pulmonary arterial hypertension
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          Connective tissue disease associated pulmonary arterial hypertension 
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          Pulmonary hypertension due to left heart disease
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          Portal hypertension associated pulmonary arterial hypertension
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Figure 7 
Kaplan Meier curves showing the time from first referral to death, by latest pulmonary hypertension diagnosis, for specific diagnostic groups

Only for patients within the cohort for longitudinal analysis

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.
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Risk adjusted mortality modelling for idiopathic, heritable,  
or anorexigen-induced pulmonary arterial hypertension

Mortality is a key indicator of clinical performance. 
Comparing crude mortality rates between centres fails 
to take into account any underlying difference in the 
patients seen at those centres. Because of this, statistical 
models are used to produce a standardised mortality 
ratio for each organisation taking into account relevant 
factors. This provides a means to assess the mortality  
rate at a given centre against what would be expected.

The model used for this work takes into account 
age, gender and the baseline six minute walk test 
(as a measure of how affected the patient has been 
by pulmonary hypertension). The model takes the 
characteristics of a cohort of patients and predicts the 
risk of each patient dying within a year. For each centre 
this is compared with the number of those patients 
that did die within the year to calculate a standardised 
mortality ratio. If the number of patients that died is 
exactly as the model would expect then the ratio value 
is 100. If more patients died than expected the ratio is 
greater than 100 and if less died than expected the ratio 
is less than 100.

Details on the model used can be found in Appendix 2.

The cohort used in the analysis presented here are adults 
who were first diagnosed with idiopathic, heritable, or 
anorexigen-induced pulmonary arterial hypertension 
between 1 April 2009 and 31 March 2014. The expected 
and observed mortality within one year of latest diagnosis 
is calculated.

No model is perfect, so some deviation from 100 does 
not necessarily lead to the conclusion that a centre is 
performing better or worse than expected. Control limits 
are used to assess whether the standardised ratio for a 
centre are within an expected range or not. 

The diamonds in Figure 8 are the standardised mortality 
ratios of each Trust. 

The two dotted lines are the control limits, which indicate 
the point at which we would be 95 per cent certain that a 
deviation was significant. As all centres are within the two 
dotted lines, we are 95 per cent certain that in each case 
the deviation from 100 is due to random variation and is 
not an indicator of clinical performance. The performance 
of all Trusts assessed was as expected.

Great Ormond Street for Children NHS Foundation 
Trust is not included as the model has been developed 
only for adult patients. Sheffield Teaching Hospital NHS 
Foundation Trust is not included as they do not use the 
six minute walk test.

Figure 8 
Mortality funnel plot for pulmonary hypertension centres

          Lower 95% Limit               Upper 95% Limit               Pulmonary Hypertension Centres

Standardised 
mortality 
ratio

250

200

150

100

50

0
0 2 4 6 8 10 12 14 16 18 20

Expected deaths

Source: National Audit of Pulmonary Hypertension 2015



Copyright © 2016. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 25

Recommendations

1.  To maintain this National Audit it is imperative that 
centres ensure 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 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. 

4.   The legal basis for data returns from Northern Ireland 
needs to be addressed locally and urgently to restore 
Northern Ireland data to the Audit.

5.   Investigation and publication into the cause of 
delays (medical, administrative and/or patient choice) 
between a diagnosis of chronic thromboembolic 
pulmonary hypertension and a pulmonary 
endarterectomy is recommended and should be 
conducted outside this Audit.

6.   Local audits should be considered to determine 
whether the time from a new referral to first 
consultation can be shortened. 

7.   Consideration should be given to comparing 
mortality between all adult specialist centres by 
finding a method which can be used to compare 
all of them. Comparison between other types of 
pulmonary arterial hypertension should also be 
considered if this is feasible.

8.   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. From 1 April 2016 the Audit will 
collect a single quality of life questionnaire score 
(emPHasis-10) and this will be reported in the eighth 
Annual Report.

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

10.  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.
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Appendix 1: Reference tables

Table 10 
Number of patients active on 31 March, by specialised centre

Specialised pulmonary hypertension centre Total 2010 Total 2011 Total 2012 Total 2013 Total 2014 Total 2015

Total patients seen at specialised centres  4,287  5,062  5,733  6,090  6,484  6,671 

Golden Jubilee National Hospital  291  329  375  428  494  552 

Great Ormond Street Hospital for Children NHS Foundation Trust  300  319  244  361  350  343 

Imperial College Healthcare NHS Trust  664  764  914  942  936  1,004 

Papworth Hospital NHS Foundation Trust  591  625  716  777  809  864 

Royal Brompton and Harefield NHS Foundation Trust  492  640  776  968  902  875 

Royal Free London NHS Foundation Trust  581  774  997  980  1,049  1,080 

Sheffield Teaching Hospitals NHS Foundation Trust  1,074  1,291  1,393  1,212  1,489  1,558 

The Newcastle upon Tyne Hospitals NHS Foundation Trust*  294  320  318  422  455  395 

Note: Years 2012-14 contain Northern Ireland

*Absence of Northern Ireland data in 2015 is likely to have had the greatest impact on Newcastle.

Source: National Audit of Pulmonary Hypertension 2015

Table 11 
Percentage of patients active on 31 March 2015, by diagnosis and specialised centre
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Pulmonary arterial hypertension 46% 47% 38% 45% 36% 50% 32% 58% 55%

Pulmonary veno occlusive disease and/or pulmonary 
capillary haemangiomatosis

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

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

Pulmonary hypertension due to lung disease and/or hypoxia 4% 5% 24% 1% 1% 6% 2% 3% 2%

Chronic thromboembolic pulmonary hypertension 21% 20% 0% 26% 52% 8% 10% 22% 22%

Pulmonary hypertension with unclear/multifactorial 
mechanisms

2% 3% 5% 2% 2% 6% 1% 1% 2%

Not pulmonary hypertension 11% 13% 13% 14% 3% 14% 17% 6% 10%

No final diagnosis possible 1% 0% 0% 0% 0% 2% 1% 0% 0%

No diagnosis 12% 9% 18% 8% 5% 10% 31% 8% 7%

Note: Figures are rounded. 0% may not equal 0 patients.

Source: National Audit of Pulmonary Hypertension 2015

Table 12 
Percentage of latest diagnosis for patients by year of first referral 2012/13 and 2013/14

Description 2012/13 2013/14

Total number of patients  2,213  2,342 

Pulmonary arterial hypertension 25% 27%

Pulmonary veno-occlusive disease and/or pulmonary capillary haemangiomatosis 0% 1%

Pulmonary hypertension due to left heart disease 14% 15%

Pulmonary hypertension due to lung disease and/or hypoxia 10% 9%

Chronic thromboembolic pulmonary hypertension with pulmonary endarterectomy operation 4% 5%

Chronic thromboembolic pulmonary hypertension without pulmonary endarterectomy operation 7% 7%

Pulmonary hypertension with unclear/multifactorial mechanisms 3% 2%

Not pulmonary hypertension 28% 23%

No final diagnosis possible 3% 4%

No diagnosis 7% 8%

Total 100% 100%

Note: Offset by one year to ensure organisations have at least a year in which to record a diagnosis.

Year 2012/13 contains Northern Ireland. As 2013/14 was calculated for the sixth Annual Report it does not contain Northern Ireland.

Source: National Audit of Pulmonary Hypertension 2015
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Table 13 
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

Total 
prescriptions 

2015

Sildenafil 1,414 1,869 2,166 2,376  2,689  2,912 

Tadalafil 5 6 31 97  138  183 

Bosentan 909 1,208 1,145 1,108  1,161  1,013 

Ambrisentan 120 277 328 425  514  536 

Sitaxsentan 88 0 0 0 0 0

Macitentan 0 0 0 0 0  286 

Iloprost 96 120 111 119 153  149 

Treprostinil 88 89 75 51  45  39 

Epoprostenol 39 69 73 75  84  92 

CCB for vaso-reactive PAH 22 25 38 19  49  46 

Riociguat 0 0 0 0 0  6 

Unknown 91 78 64 79  117  99 

Total 2,872 3,741 4,031 4,349  4,950  5,361 

Note: Unknown includes clinical trial medication. 

Sitaxsentan was withdrawn from clinical use in late 2010.

Years 2012-2014 contain Northern Ireland.

Source: National Audit of Pulmonary Hypertension 2015

Table 14 
Reference table for Kaplan Meier curve showing the time from first referral to death, by latest diagnosis

Only for patients within the cohort for longitudinal analysis

Idiopathic, heritable 
or anorexigen-induced 

pulmonary arterial 
hypertension

Connective tissue 
disease associated 
pulmonary arterial 

hypertension

Congenital heart 
disease associated 
pulmonary arterial 

hypertension

Pulmonary 
hypertension due to 

left heart disease

Pulmonary 
hypertension due to 

lung disease

Portal hypertension 
associated pulmonary 
arterial hypertension

Years 
elapsed

Number  
in cohort

Percentage 
survival

Number  
in cohort

Percentage 
survival

Number  
in cohort

Percentage 
survival

Number  
in cohort

Percentage 
survival

Number  
in cohort

Percentage 
survival

Number  
in cohort

Percentage 
survival

0  1,054 100% 825 100% 750 100%  1,498 100%  935 100% 146 100%

1  766 86% 592 84% 617 94%  1,109 87% 576 72% 111 89%

2  508 71% 383 70% 419 89%  723 75% 316 51% 67 73%

3  336 62% 248 58% 280 84%  452 65% 174 39% 39 63%

4  182 53% 146 49% 160 80%  228 54% 106 32% - -

5  75 46% 51 42% 70 72%  86 44% 43 28% - -

The cohort for longitudinal analysis is defined as adult patients first referred after 1 April 2009. The full definition can be found on page 14.

Source: National Audit of Pulmonary Hypertension 2015

Table 15 
Reference table for Kaplan Meier curve showing the survival time from first 
pulmonary endarterectomy surgery

Pulmonary endarterectomy survival

Years elapsed Number in cohort Percentage survival

0 644 100%

1 485 94%

2 337 90%

3 217 88%

4 104 86%

For details on the definitions of these groups please refer to the chapter 
'Chronic thromboembolic pulmonary hypertension'. 

Source: National Audit of Pulmonary Hypertension 2015
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Table 17 
Proportion of patients with a therapy active on 31 March 2015, by diagnosis grouping and by highest WHO functional class

Only for patients within the cohort for longitudinal analysis

Highest WHO functional class

Diagnosis group I II III IV Unknown

Diagnosis for which therapy is routinely commissioned 24% 29% 72% 87% 29%

Diagnosis for which therapy is not routinely commissioned 0% 0% 24% 55% 0%

Not pulmonary hypertension 0% 0% 0% 8% 0%

Unknown or missing diagnosis 0% 0% 14% 25% 0%

Source: National Audit of Pulmonary Hypertension 2015

Table 16 
Reference table for Kaplan Meier curve showing the survival of the chronic thromboembolic pulmonary hypertension cohort

Operated in period Not operated in period

Years elapsed Number in cohort Percentage survival Number in cohort Percentage survival

0 352 100% 238 100%

1 273 98% 172 95%

2 174 95% 109 86%

3 84 94% 64 81%

For details on the definitions of these groups please refer to the chapter 'Chronic thromboembolic pulmonary hypertension'. 

Source: National Audit of Pulmonary Hypertension 2015
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Appendix 2: Estimation of expected mortality for calculation  
of standardised mortality in Figure 8

The data used to derive the mortality equation for this 
work was collected from the UK pulmonary hypertension 
units by Dr Ling (see reference below). Data were 
collected on all consecutive treatment-naive, incident 
cases of idiopathic, heritable, and anorexigen-induced 
pulmonary arterial hypertension diagnosed between 
1 January 2001 and 31 December 2009 in all eight 
pulmonary hypertension centres in the United Kingdom 
and Ireland. Age, sex and six minute walk distance 
emerged as predictors of survival.

The equation to model probability of survival P(t) 
generated by this process is

Ling Y, Johnson MK, Kiely DG, Condliffe R, Elliot CA, 
Gibbs JSR, Howard LS, Pepke-Zaba J, Sheares KK, Corris 
PA, Fisher AJ, Lordan JL, Gaine S, Coghlan JG, Wort SJ, 
Gatzoulis MA, Peacock AJ. Changing demographics, 
epidemiology, and survival of incident pulmonary arterial 
hypertension: results from the pulmonary hypertension 
registry of the United Kingdom and Ireland. Am J Respir 
Crit Care Med 2012; 186: 790–796.

P(t) = e -A(x,y,z)t

where

A(x,y,z) = exp(b0 + b1 x + b2 y + b3 z)

and

x = age 
y = gender01 (y = 0 if female, y = 1 if male)
z = six minute walk distance 
b0 = − 3.304
b1 = 0.03021
b2 = 0.4514
b3 = −0.003451
t = time in years



Copyright © 2016. Health and Social Care Information Centre, National Audit of Pulmonary Hypertension. All rights reserved. 31

Appendix 3: World Health Organisation (WHO) functional class

WHO classification of severity  
of symptoms
The severity of symptoms are recorded using 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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Appendix 4: Dana Point clinical classification of pulmonary  
hypertension

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 5: Members of staff who participated in the National 
Audit at the specialised pulmonary hypertension centres
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Name Role Organisation 
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David Kiely Senior User (Physician) Chair of Physicians Committee  from 2012

Julie Michalowski Project Manager Health and Social Care Information Centre
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Appendix 6: Members of the National Audit of Pulmonary  
Hypertension Project Board
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