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ABSTRACT Pulmonary arterial hypertension (PAH) is a progressive vasculopathy that is advanced by the

time symptoms develop. As symptoms are nonspecific and the condition uncommon, continued

progression toward end-stage disease occurs for an average of 2 years between symptom onset and

diagnosis. There is need for earlier diagnosis and treatment, as most patients are severely symptomatic when

diagnosed and their mortality is high despite therapy. Screening can help; however, it is not straightforward

due to the diversity of patient profiles and lack of sufficiently accurate tools. Echocardiography, currently

the best available screening tool, lacks both sensitivity and specificity. The low prevalence of PAH renders

many screening tools unfit for purpose. However, this may be overcome, in some instances, by using

enrichment tools to preselect screening populations. The majority of data are available for systemic sclerosis.

A recent study has demonstrated how lung function can be used to enrich PAH prevalence in a systemic

sclerosis population. A screening bundle then selects patients for right heart catheterisation with improved

rates of sensitivity compared to current guidelines.
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Pulmonary hypertension is difficult to diagnose; there is a need for earlier diagnosis and treatment
http://ow.ly/pRLAM

Introduction
Screening is defined as the systematic testing of asymptomatic individuals to search for preclinical disease

and mildly symptomatic patients to prevent progression and/or development of the disease [1]. Whether

screening is worthwhile depends on many factors. Screening is only beneficial when early detection leads to

therapy that modifies the natural history of the condition. If a disease is curable at any stage or there is no

available therapy then screening is not recommended. The challenges involved in screening are exemplified

by the recent demonstration that mammography-based screening for breast cancer may be futile [2].

Furthermore, it is critical that screening involves easily accessible and real world tools, and that the

methodology has been tested in a cross-sectional study to determine the performance of the screening

tool(s) compared with gold standard investigation [1].
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If low-cost, noninvasive, perfect (sensitivity 100% and specificity 100%) tests are available and we have

disease modifying therapies, then screening is worthwhile independent of disease prevalence. When

available screening tools are less perfect, and invasive confirmatory tests are required, then Bayesian

probability comes into play and screening becomes ineffective where the pre-test probability is low. If one

screens a population with a disease prevalence of 0.5%, even a screening test with 99% sensitivity and 99%

specificity produces twice as many false positives as true positives due to the large number of disease-free

individuals in the population.

Thus when constructing a screening programme many factors come into play. 1) Is early diagnosis

worthwhile? 2) Do we have validated cost-effective and acceptable screening tools? 3) Where an invasive

gold standard diagnosis is required, is the positive predictive value of screening test results sufficiently high

that one can reasonably recommend intervention?

Pulmonary hypertension meets the classical requirements of a disease where screening should be beneficial.

The long-term prognosis of patients diagnosed on a routine clinical basis with pulmonary arterial

hypertension (PAH) remains poor, even with optimal use of all currently available therapies [3]. Despite

extensive education programmes most patients are severely symptomatic and have advanced haemo-

dynamic impairment at diagnosis. However, we know that currently available therapies delay symptom

progression and are effective in mildly symptomatic patients [4].

After a decade of educational effort the delay between symptom onset and diagnosis remains approximately

2 years, and most patients have haemodynamically advanced disease and are in functional class III or IV at

the time of diagnosis [5]. PAH patients presenting with clinically advanced disease (functional class III/IV)

have a much higher mortality than those identified earlier in the course of their disease [3, 6, 7].

However, screening is not straightforward in PAH due to the diversity of the diseases associated with PAH.

The prevalence (pre-test probability) of PAH varies in at-risk populations as screening tests exhibit differing

efficacy in each subgroup. Finally, one has to ‘‘calibrate’’ screening tools as increased specificity is linked to

reduced sensitivity.

Systemic sclerosis (SSc)-associated PAH is a good example of how screening can work despite a relatively

low incidence of PAH and a background population prevalence of ,5–12% [8–10]. In the follow-up of the

ItinerAir study, it was shown that patients with scleroderma-associated PAH identified early through an

active screening programme had far better survival when compared to a parallel group of patients identified

through usual clinical care [11, 12]. This study was limited by lead-in bias and small numbers but provides

preliminary data to support the concept that screening may be useful. In addition, a US registry of early

scleroderma PAH showed a better 3-year survival compared to other cohorts within the past 3 years [13].

We know that a diffusing capacity of the lung for carbon monoxide (DLCO) ,60% predicted enriches the

population prevalence of PAH by approximately five-fold [10]. In the recently published DETECT study,

the prevalence of pulmonary hypertension was increased to 19% in a selected at-risk population (DLCO

,60% pred and SSc for .3 years). This allowed the development of a practical screening tool [14], which

will be discussed later.

The current European Society of Cardiology (ESC)/European Respiratory Society (ERS) guidelines

recommend annual echocardiography screening in symptomatic patients with scleroderma spectrum

disease and state that annual echocardiography screening may be considered in asymptomatic patients. This

is largely based on expert opinion [15]. Table 1 shows the risk factors for PAH and associated guidelines for

substrate recognition [16].

Echocardiography
Echocardiography is currently the most effective screening tool for PAH. It is virtually universally available

and is noninvasive. Despite these strengths it has significant limitations.

Echocardiography experience is crucial; failure to obtain an estimate of projected systolic pulmonary artery

pressure (PAP) has been reported in between 20 and 39% of patients [17, 18]. Doppler-derived pressure

estimations, while correlating with invasively measured systolic PAP in populations, show poor reliability in

individual patients with both under- and overestimation of actual systolic PAP [19–22]. It is believed that

the prevalence of PAH in a population with tricuspid regurgitation jet ,2.8 m?s-1 is very low. However,

from the DETECT study we now know that over one-third of all SSc-PAH in a screening population is

found in patients with a tricuspid regurgitation jet ,2.8 m?s-1; thus, the performance of this threshold is

dependent on the severity of the haemodynamic perturbation in the study population rather than the

accuracy of echocardiographic assessment of the estimated systolic PAP in isolation [14].
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We may consider whether other echocardiographic variables can help. For example, would right ventricular

dysfunction (e.g. reduced tricuspid annular plane systolic excursion) help identify those patients missed by

relying on pressure estimates [23]? The recent DETECT study also sheds some light on this question. 28

echocardiographic variables were included in the analysis (including tricuspid annular plane systolic

excursion); however, only tricuspid regurgitation velocity, right ventricular area and right atrial area made it

into the final model due to their discriminatory property in PAH versus non-pulmonary hypertension

groups. In addition, in some countries, the cost of echocardiography as an upfront screening tool may

be prohibitive.

Therefore, echocardiography cannot always be relied on, particularly in associated PAH where pressures are

less elevated at diagnosis. Furthermore, the right ventricle does not react uniformly to pressure overload in

different morbidities [24]. Rest echocardiography may be more reliable in patients presenting with

advanced haemodynamics, such as Eisenmenger syndrome [25], idiopathic PAH [26] or bone

morphogenetic protein receptor 2 (BMPR2), than those presenting with less haemodynamic perturbation,

such as connective tissue disease (CTD)-PAH [14]. In SSc, for example, echocardiographic parameters of

right ventricular function are usually well preserved at diagnosis [27].

Exercise echocardiography
Exercise echocardiography is considerably more complex and expensive as a screening procedure, and the

potential for confounders and unreliability increase as complexity increases; for example, if one tries to

estimate cardiac output at peak exercise. Unfortunately, at present, we do not know the prognostic

relevance of exercise-induced pulmonary hypertension and exercise echocardiography is currently not

recommended in pulmonary hypertension screening.

That said, the logic behind exercise testing is impeccable, as .70% of the vascular bed is lost before

pressures reach pathological levels at rest [28]. Currently there is limited evidence in respect of the future

outcome in patients with exercise pulmonary hypertension. The precise threshold at which one should

diagnose exercise pulmonary hypertension is unresolved, since exercise mean PAP can frequently exceed

30 mmHg, particularly among the elderly [29]. Furthermore, it is not known if different PAH subgroups

react differently in response to exercise.

TABLE 1 Approach following substrate recognition

Substrate Further assessment Rationale

BMPR2 mutation Yearly echocardiogram; RHC if echocardiogram
demonstrates evidence of PAH#

Early detection of PAH; 20% chance of
developing PAH

First degree relative of patient with
BMPR2 mutation or within pedigree of
two or more patients with a diagnosis
of PAH

Genetic counselling and recommendation for
BMPR2 genotyping; proceed as above if positive

Autosomal dominant transmission

Systemic sclerosis Yearly echocardiogram; RHC if echocardiogram
demonstrates evidence of PAH#

Approximately 8–12% (by RHC) prevalence of
PAH in systemic sclerosis

HIV infection Echocardiogram if symptoms or signs suggestive
of PAH; RHC if echocardiogram demonstrates

evidence of PAH#

0.5% prevalence of PAH

Portal hypertension Echocardiogram if OLT considered; RHC if
echocardiogram demonstrates evidence of PAH#

4% prevalence of PAH in candidates for OLT;
PAH is predictive of poor OLT outcome

Prior appetite suppressant use
(fenfluramine)

Echocardiogram only if symptomatic Incidence of PAH is ,0.005% if agent used for
.3 months

Congenital heart disease with shunt Echocardiogram and RHC at time of diagnosis;
consider repair of defect if significant left-to-right

shunt present

High probability of PAH developing in
unrepaired shunt (Eisenmenger syndrome)

Recent acute pulmonary embolism Ventilation/perfusion scintigraphy 3 months after
event if symptomatic; pulmonary angiogram if

positive

3% risk of chronic thromboembolic PH;
negative ventilation/perfusion scan excludes

chronic thromboembolism
Sickle cell disease Yearly echocardiogram; RHC if echocardiogram

demonstrates evidence of PAH#
Increased mortality if PH present, early

detection of PH, 30% develop PH or ,10%
develop PAH

BMPR2: bone morphogenetic protein receptor 2; PAH: pulmonary arterial hypertension; RHC: right heart catheterisation; OLT: orthotopic liver
transplantation; PH: pulmonary hypertension. #: high right ventricular systolic pressure or right heart chamber enlargement. Reproduced from [16]
with permission from the publisher.
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Data from the UK national registry of CTD-PAH showed that ,20% of scleroderma patients with exercise

pulmonary hypertension at catheter (mean PAP .30 mmHg) progressed to PAH requiring advanced

therapy within 3 years [6]. STEEN et al. [30] showed that exercise echocardiography unmasked pulmonary

hypertension in a scleroderma population at increased risk for PAH (DLCO ,60% pred, forced vital capacity

(FVC)/DLCO .1.6 and estimated systolic PAP 30–50 mmHg). In this study, 44% of patients had an increase

of .20 mmHg in estimated right ventricular systolic pressure (RVSP) on echocardiography during exercise.

These patients then underwent right heart catheterisation (RHC) and 62% were found to have elevated

pressures [30].

In contrast, a study by CODULLO et al. [31] using exercise echocardiography and follow-up in a low-risk

scleroderma population (asymptomatic without overt pulmonary hypertension; tricuspid regurgitation

velocity ,3 m?s-1) found that only one in 19 patients developed PAH requiring advanced therapy when

using an increase in systolic PAP of o18 mmHg after exercise as the criterion [32]. The utility of exercise

echocardiography in this population is unresolved; it may contribute to the identification of patients with

pulmonary hypertension but normal resting echocardiography or may identify a population with a

relatively low rate of progression to PAH, depending on the precise subpopulation studied.

Lung function
STEEN et al. [33] were the first to show that patients with PAH and limited SSc have significantly lower mean

DLCO several years before diagnosis. MUKERJEE et al. [20] demonstrated in 85 SSc patients that a threshold of

DLCO of 50% pred was associated with a high specificity (90%), however, at the price of low sensitivity

(39%) for SSc-PAH. From the ItinerAir study [10] we know that a DLCO of .60% pred has a high

specificity in excluding PAH, thus focusing on those with a DLCO ,60% pred renders screening much more

effective as an enrichment strategy in SSc. Figure 1 shows the distribution of DLCO among 243 SSc-

pulmonary hypertension patients at the Royal Free Hospital (London, UK) in whom full lung function was

available. This demonstrates that ,10% have a DLCO .60% pred and only one patient had a DLCO .80%

pred. Unfortunately, this cannot be applied to other causes of PAH, in idiopathic PAH, for example, only a

modest reduction in DLCO has been reported [5, 34]. Lower values of DLCO may have other implications,

GUNTHER et al. [35] have shown that pulmonary veno-occlusive disease (PVOD) is present more frequently

in SSc populations. Patients with more than two signs of PVOD on computed tomography had lower values

of DLCO than those with at least one sign. Further support for this observation comes from a pathology

study where pulmonary vein obstruction was found more often in tissue samples from CTD patients than

from other PAH groups [36]. However, it should be noted that the studies suggesting a high prevalence of

PVOD in SSc-PAH are outliers, since the original epoprostenol study in SSc-PAH did not identify the

occurrence of pulmonary oedema in the population [37, 38], even during long-term follow-up, and the

response to therapy in the recent SERAPHIN (Study with an Endothelial Receptor Antagonist in Pulmonary

Arterial Hypertension to Improve Clinical Outcomes) study was identical in the idiopathic PAH and CTD-

PAH subpopulations [39].

N-terminal pro-brain natriuretic peptide
Biomarkers such as N-terminal pro-brain natriuretic peptide (NT-proBNP) may offer additional value in

screening. However, NT-proBNP levels might not perform uniformly in different forms of PAH. It has been

reported that in SSc NT-proBNP levels are higher than in idiopathic PAH, despite less haemodynamic

impairment [40].

NT-proBNP release typically occurs with volume overload and ventricular contractile dysfunction [41, 42].

WILLIAMS et al. [42] showed a cut-off value of 395 pg?mL-1 has a sensitivity of 55.9% and specificity of 95.1%

for identification of SSc-PAH, suggesting that a low NT-proBNP may be helpful in ruling out SSc-PAH. Of

note, however, this study included relatively few control patients, not all of whom were catheterised.

Screening algorithms incorporating echocardiography results
MUKERJEE et al. [20] were the first to report on an active screening programme in SSc. Cardiac

catheterisation was performed in all patients where the tricuspid regurgitation velocity was .3 m?s-1 and/or

the corrected DLCO was ,50% pred without advanced pulmonary fibrosis (or a fall in DLCO by .20%

within the previous 2 years). The authors found both tests to be adequate in advanced PAH; however,

neither exhibited reliability to exclude PAH where pre-test probability was high [20].

In the first prospective multicentre study, HACHULLA et al. [10] applied a screening algorithm in a large scale

population of SSc based on symptom (dyspnoea) and Doppler echocardiography. Doppler echocardio-

graphy was performed in a SSc population without severe pulmonary function abnormalities. A tricuspid

regurgitation velocity .3 m?s-1 directly led to RHC. Patients with a tricuspid regurgitation velocity .2.5–3 m?s-1
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were only referred for RHC if unexplained dyspnoea was also present. Patients with a tricuspid regurgitation

velocity ,2.5 m?s-1 were assumed not to have pulmonary hypertension irrespective of the presence of

unexplained breathlessness. In this study, HACHULLA et al. [10] were able to detect PAH at a mild stage;

however, due to the design this study was not able to detect false negatives and only 33 out of 599 patients

underwent RHC.

Screening algorithms incorporating lung function results
Given the limitations of echocardiography several groups used lung function test results among other data

to investigate screening algorithms. Fortunately, we know that a DLCO of ,60% pred enriches the

population prevalence of PAH five-fold [10].

ALLANORE et al. [43] found that NT-proBNP levels at .97% of manufacturer levels, particularly when

combined with a DLCO/alveolar volume ,70%, could predict the development of PAH in eight out of 101

patients in an SSc cohort over a 36-month period of follow-up. A similar approach was used by THAKKAR

et al. [44], who derived a screening algorithm incorporating NT-proBNP and pulmonary function test

results, but this score has not yet been validated.

MEUNE et al. [45] developed a simple score (Cochin risk score) to predict the risk of pulmonary

hypertension SSc constituted by simple clinical observations (age, FVC and DLCO). The overall predictive

value of the Cochin risk score was 0.87 (95% CI 0.79–0.95) and it showed a 89.5% sensitivity and a 74.1%

specificity in the detection of patients developing pulmonary hypertension during follow-up.

SCHREIBER et al. [46] used a large cohort of SSc patients who underwent RHC to derive a simple formula

using DLCO and peripheral arterial oxygen saturation to predict mean PAP. Using a predicted threshold of

30 mmHg sensitivity was 59.3% and specificity was 70.8% in a split-sample cohort.

Screening algorithms combining echocardiography and lung function
GLADUE et al. [47] reported on combining the results of transthoracic echocardiography and lung function

to predict the presence of PAH in two cohorts of SSc enriched for PAH. They developed a matrix of

transthoracic echocardiogram and pulmonary function test results to assess if this combination would

improve the negative predictive value, as relying on a RVSP of .50 mmHg alone 36% of PAH cases would

have been missed. The combination of RVSP .50 mmHg and DLCO ,60% pred captured 94% of patients.

Controls were not catheterised [47].

The questions we must pose in all these studies are whether all patients allocated to the control group were

free of pulmonary hypertension. Because the gold standard was not included in all patients, estimates of

sensitivity are positively biased. The majority of these studies have used echocardiography amongst other

tests to select their baseline populations and we therefore do not know how many patients have been missed

(false negatives). Furthermore, most studies included a high proportion of patients with advanced

symptomatic disease, thus they are biased toward easier discrimination between disease and controls.

DETECT
In a high-risk population (SSc .3 years and DLCO ,60% pred), the recent DETECT study (multicentre,

international, cross-sectional) demonstrated that a simple algorithm is a sensitive and noninvasive tool for

m
PA

P 
at

 R
H

C 
m

m
H

g

80

60

40

20

0

0 20 40 60 80 100
DLCO % pred

●

● ●

●
●

●
●
●

●
●●

●
●
●

●
●
●
●

●

●
●●

●●●●●
●●

●●●●●●

●

●●●●●●
●

●●●
●

●
●

●●
●●

●

●●●
●●●
●●

●●●●
●
●
●●
●●●
●
●

●●●●●
●
●
●●
●
●●●●●●

●●●
●
●●
●
●
●●●●
●●●
●●●
●●●●●●●●
●●●●●

●
● ●●

●
●

●● ●●
● ●

●●
●
●●

●
● ●●●

●●
●●●●●

●
●

●● ●●●
●●
● ●

●

●●
●●

●●●
●

●●●
●●●
●●●●

●●●
●●
●
●●●●
●●●●●

●●●●
● ●
●●●
●●●

●●●
●

●

●●●●● ●
●
●●

●
●
●
●

●
●
●

● ●

●

●

●●
●

●
●●

●

●

●

●
●

●
●
●

●●

●

●
●●
●●
●

●●●●
●

FIGURE 1 Distribution of diffusing
capacity of the lung for carbon monoxide
(DLCO) among 243 scleroderma patients
who underwent right heart catheterisation
(RHC) at the Royal Free Hospital
(London, UK) in whom full lung
function at the time of diagnosis was
available. The results demonstrate that
,10% had a DLCO .60% pred and only
one patient had a DLCO .80% pred.
mPAP: mean pulmonary artery pressure;
% pred: % predicted.
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screening of PAH [14]. It is the first study that addresses the false-negative rate by mandating RHC in all

patients. In a population of 466 patients with SSc at increased risk for PAH (DLCO ,60% pred and .3 year

history of scleroderma spectrum), 19% of patients had RHC-confirmed PAH. Almost two-thirds of patients

with PAH were in functional class I or II. From this data set a two-step algorithm has been developed to

identify which patients should be referred for echocardiography and subsequently catheterisation. Six

simple clinical variables were identified on regression analysis that increased the likelihood of finding PAH,

namely: FVC/DLCO; current or past teleangiectasias; anti-centromere antibody; NT-proBNP; serum urate;

and right axis deviation on ECG. A combination of these parameters led to an echocardiogram referral.

After echocardiography the prediction score from step one plus two echocardiographic variables determines

referral to RHC. Sensitivity is very high (96%) and specificity is 48%, so the rate of referral to RHC

required using the DETECT algorithm is still substantial (62%). In summary, the algorithm out-performs

the current ESC/ERS recommendation because of the high sensitivity despite referring a similar number

for catheterisation.

Strikingly, in the DETECT study one in five patients with PAH was asymptomatic (functional class 1 despite

SSc) and one-third of patients had a tricuspid regurgitation velocity of ,2.8 m?s-1 which renders symptoms

or echocardiography in isolation insufficient to screen for increased pulmonary pressures. In addition, it

was found that not only tricuspid regurgitation velocity, but also right atrial area, right ventricular area and

right ventricular and left ventricular parameters did not perform well in isolation.

Limitations of screening
The available data on screening in SSc-PAH sheds light on other important issues as well. Not all identified

pulmonary hypertension is PAH, other forms of pulmonary hypertension can occur as well, lung disease

[48], scleroderma-related left heart dysfunction leading to post-capillary pulmonary hypertension, chronic

thrombembolic disease and PVOD [35], have all been recorded [49]. One must also consider the

consequences of screening tools that may dominantly identify patients at risk for conditions for which there

is no specific therapy. More studies are needed to help discriminate between the different forms of

pulmonary hypertension as we may be underestimating the importance of other forms of pulmonary

hypertension, which are less treatable or not treatable per se. In scleroderma, by 10 years after onset 50% of

patients with diffuse SSc will have significant pulmonary fibrosis, and left ventricular diastolic dysfunction

due to myocardial involvement is common. As both lung disease on high-resolution computed tomography

and left ventricular dysfunction via wedge resection are arbitrarily defined, it is very likely that a subgroup

of patients is presently being ineffectively treated with potentially toxic therapies.

Recommendations in CTD-PAH
Despite increasing knowledge that combination screening tools perform better than individual tests,

recommendations in CTD-PAH have focused on transthoracic echocardiography and do not provide

detailed recommendations for patients. There is increasing evidence-based data (presented in previous

sections) of the characteristics of different noninvasive screening tools in SSc. Recently, a multidisciplinary

group of cardiologists, pulmonologists and rheumatologists developed the first such recommendations [50].

Using a well-defined consensus methodology (RAND/University of California at Los Angeles (CA, USA)

methodology), the authors incorporated a systematic review of the literature and consensus to develop a set

of recommendations with a goal to facilitate screening and early detection of CTD-PAH. Tables 2–4 provide

key highlights of these recommendations.

Specific conditions
BMPR2 positive patients and relatives of patients with familial PAH
Current guidelines recommend yearly echocardiograms in asymptomatic carriers of the BMPR2 mutation

and RHC if the echocardiogram is abnormal. BMPR2-positive patients have a lifetime risk of PAH which is

probably ,20% [51]. This has recently been challenged [52], but as yet we have no feel for the age by which

.10% of carriers might have PAH. Gas transfer abnormalities are typically modest in idiopathic PAH so

lung function testing is unlikely to be helpful as an enrichment strategy in this population [5]. Whether

further investigation would lead to the identification of particular mutations associated with a higher

prevalence of PAH is presently unknown. It remains unclear whether following current guidelines will

accurately discriminate between those with and without PAH.

GRUENIG et al. [53] have shown that exercise elevation of pulmonary pressures is more common among first

degree relatives of individuals with familial PAH, and in some progression to overt PAH is observed.

However, considerably more work is required to determine whether exercise pulmonary hypertension is a

reliable predictor of PAH and whether such screening is cost-effective.
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Haemolytic anaemia and sickle cell
High-quality data about the prevalence of PAH and screening is available for sickle cell anaemia from the

study by PARENT et al. [21]. The background prevalence was found to be 6%. In this study a low tricuspid

regurgitation velocity of 2.5 m?s-1 was used as a threshold, irrespective of symptoms. The authors found

echocardiography to perform poorly in retrospect and proposed an algorithm that includes NT-proBNP

and 6-min walk data in addition to echocardiography; the predictive value was 62% and with a false

negative rate of least 7% [21].

CTEPH
The current European registry data highlight the importance of previous venous thromboembolism events

as an aetiological factor for the development of chronic thromboembolic pulmonary hypertension

(CTEPH), along with a significant role for associated medical risk factors as co-existing mechanisms in the

disease process [54]. As there is evidence that CTEPH may also develop in patients without previous

pulmonary embolism it is difficult to determine the exact prevalence. However, two Italian studies have

been published in the setting of pulmonary embolism: one found a cumulative incidence of symptomatic

CTEPH of 1% 6 months after venous thromboembolism increasing to 3.8% after 2 years, the other

reported an incidence of ,1% in a follow-up of 4 years [55, 56].

In addition, there are known risk factors for CTEPH such as splenectomy, cancer, ventriculoatrial shunt,

chronic inflammatory disease, antiphospholipid antibodies and hypothyroidism [57]. Given these common

risk factors screening methods would be useful, but due to our limited knowledge of the prevalence of

CTEPH in these populations at present, screening (apart from regular assessments for dyspnoea) is not

known to be cost-effective and worthwhile.

The guidance of the American Heart Association/American College of Cardiology guidance is to perform

ventilation/perfusion (V9/Q9) scanning in patients in whom dyspnoea remains a problem 3 months after a

pulmonary embolism and in all patients with an unknown cause of pulmonary hypertension in order to

exclude CTEPH. V9/Q9scanning is preferred to a computed tomography pulmonary angiogram, because of

the higher sensitivity [58], but it can miss distal disease. Although sensitive, V9/Q9 scanning lacks specificity

and could lead to unnecessary investigation of patients with previous pulmonary embolism. A prospective

evaluation of the discriminant value of V9/Q9in patients with previous pulmonary embolism would help clarify

the precise role of this investigation in screening for CTEPH in symptomatic and asymptomatic patients.

Portopulmonary hypertension
The prevalence of portopulmonary hypertension may reach 5–8% among patients with advanced liver

disease evaluated for liver transplantation [59]. Echocardiographic screening is advised by guidelines as

mortality increases with attempted liver transplantation.

KROWKA et al. [60] reported on a screening algorithm among transplantation candidates in a prospective

fashion. They used Doppler echocardiography to determine PAP in 1235 patients. They found 101 (8%)

patients to have an estimated PAP of .50 mmHg and they subsequently underwent catheterisation. 90% of

patients were found to have a mean PAP .25 mmHg, 65% of those were diagnosed with portopulmonary

hypertension (mean PAP .25 mmHg and/or pulmonary vascular resistance .240 dyn?s?cm-5). There was

discordance between echocardiogram and RHC, and in 22% of patients tricuspid regurgitation velocity

could not be recorded. Overall correlation between PAP and systolic PAP measured during catheterisation

was reasonable [60].

TABLE 2 General recommendations for screening and early detection of connective tissue disease (CTD)-pulmonary arterial
hypertension (PAH)

All patients with SSc should be screened for PAH
Patients with mixed CTD or other CTD with scleroderma features (referred to as scleroderma spectrum disorders) should be screened in a

similar way to patients with SSc
Screening of asymptomatic patients is not recommended for mixed CTD or other CTD patients without features of scleroderma (including

systemic lupus erythematosus, rheumatoid arthritis, inflammatory myositis and Sjögrens syndrome)
All SSc and scleroderma spectrum patients with a positive, noninvasive screening (as presented in these recommendations) should be referred

for RHC
RHC is mandatory for diagnosis of PAH
Acute vasodilator testing is not required as part of the evaluation of PAH in patients with SSc, scleroderma spectrum disorders or other CTD

SSc: systemic sclerosis; RHC: right heart catheterisation. Reproduced with modification from [50] with permission from the publisher.
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Thus, in portopulmonary hypertension the prevalence appears to be less than the required 10% threshold

for screening with current tools. However, this study could easily have missed false negatives and in

portopulmonary hypertension high output elevation of pulmonary pressures is not necessarily associated

with any vasculopathy.

HIV
As in other forms of PAH, most patients with HIV-related PAH are in functional class III and IV at

diagnosis. In HIV the estimated prevalence of PAH has been reported as 0.5% [61], and has not changed in

recent years [62]. Currently, there is no recommendation on how to screen for PAH in asymptomatic HIV

patients; echocardiography is recommended in the presence of unexplained dyspnoea.

Two studies demonstrated the problems with inaccuracy and false positives by selecting patients for RHC

with Doppler echocardiography. In the study of SITBON et al. [62], a tricuspid regurgitation velocity of

2.5 m?s-1 and 2.8 m?s-1 was associated with a false-positive rate of 72% and 29%, respectively. In their

cohort, SELBY et al. [22] showed that 20% of patients echocardiography measurements were found to

deviate by .10 mmHg from the invasively derived figure.

TABLE 3 Initial screening evaluation in patients with systemic sclerosis and scleroderma
spectrum disorders

PFT with DLCO

Transthoracic echocardiogram
NT-proBNP
DETECT algorithm if DLCO ,60% pred and .3 years disease duration
Frequency of noninvasive tests:

Transthoracic echocardiogram on annual basis as a screening test
Transthoracic echocardiogram if new signs or symptoms develop
PFT with DLCO on annual basis as a screening test
PFT with DLCO if new signs or symptoms develop
NT-proBNP if new signs of symptoms develop

PFT: pulmonary function test; DLCO: diffusing capacity of the lung for carbon monoxide; NT-proBNP:
N-terminal pro-brain natriuretic peptide; % pred: % predicted. Reproduced with modification from [50]
with permission from the publisher.

TABLE 4 Recommendations for right heart catheterisation (RHC) for systemic scleroderma
and scleroderma spectrum disorder

Signs or symptoms#

required for RHC

Transthoracic echocardiogram
TR velocity 2.5–2.8 m?s-1 Yes
TR velocity .2.8 m?s-1 No
Right atrial (major dimension .53 mm) or right ventricular enlargement

(mid-cavity dimension .35 mm), irrespective of TR velocity
No

Pulmonary function test
FVC/DLCO .1.6 and/or DLCO ,60% pred" Yes
FVC/DLCO .1.6 and/or DLCO ,60% pred and NT-proBNP more

than twice upper limit of normal"
No

Composite measure
Meets DETECT algorithm in patients with DLCO ,60% pred

and disease duration .3 years
No

TR: tricuspid regurgitation; FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon monoxide;
% pred: % predicted; NT-proBNP: N-terminal pro-brain natriuretic peptide. #: symptoms include dyspnoea on
rest or exercise, fatigue, pre-syncope/syncope, chest pain, palpitations, dizziness and light-headedness; signs
include loud pulmonic sound and peripheral oedema. ": transthoracic echocardiogram without overt systolic
dysfunction, greater than grade I diastolic dysfunction or greater than mild mitral or aortic valve disease or
evidence of pulmonary hypertension. Reproduced with modification from [50] with permission from the publisher.
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Congenital heart disease
Eisenmenger syndrome is a complex clinical syndrome including cyanosis and erythrocytosis associated

with a prolonged, usually very substantial, elevation of pulmonary pressures, and right ventricular

hypertrophy is readily diagnosed using clinical observation and echocardiography. Presently we only have

evidence for symptomatic management of those with significant exercise limitation [63] and modest

observational evidence for prognostic benefit [64]. Presently there is no need for screening, simply advice

that all patients with unrepaired shunts should be followed by expert centres.

However, if we were ever to show that prevention of transition from flow and pressure overload to

pulmonary vasculopathy were possible a very different set of questions would arise, given that

measurements of pulmonary pressures alone would provide no insight, and measuring pulmonary vascular

resistance in this population is much more complex than in other cohorts. Assessment of pulmonary

vascular compliance is one possible tool to consider in the future for this population [65].

One particularly difficult population is the Fontan population, where pulmonary vasculopathy can only

lead to elevation of resistance and reduced cardiac output, without elevation of pulmonary pressures.

Presently we have no evidence base for treating these patients and it is probable that ‘‘screening’’, should it

ever be applied, would have to be invasive.

Conclusion
Developing screening programmes for PAH is worthwhile because it is an uncommon progressive disorder,

with nonspecific symptoms and disease modifying therapies are available. Currently available screening

tools lack specificity and sensitivity and the required diagnostic test is invasive, thus population enrichment

remains pivotal in developing any adequate screening programme. For SSc-PAH we now know the critical

elements of such a screening programme, unfortunately this data is not generalisable to other forms of PAH.

We have, however, learnt the importance of considering the false negative rates in studies where the gold

standard test is not applied in all subjects, and this should inform the development of screening

programmes for other cohorts.
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