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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrg.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Stephanie Chang M.D., M.P.H. Elisabeth U. Kato, M.D., M.R.P.

Director, EPC Program Task Order Officer

Center for Outcomes and Evidence Center for Outcomes and Evidence

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Pulmonary Arterial Hypertension:
Screening, Management, and Treatment

Structured Abstract

Objectives. Pulmonary arterial hypertension (PAH) is a rare and progressive disease associated
with increased pulmonary vascular resistance that, if unrelieved, progresses to right ventricular
pressure overload, dysfunction, right heart failure, and premature death. PAH is more prevalent
in some populations, thereby warranting screening of asymptomatic individuals. This review
seeks to evaluate the comparative validity, reliability, and feasibility of echocardiography and
biomarker testing for the screening, diagnosis, and management of PAH; to clarify whether the
use of echocardiography or biomarkers affects decisionmaking and clinical outcomes; and to
determine which medications are effective for treating PAH and whether combination therapy is
more effective than monotherapy.

Data sources. We searched PubMed®, Embase®, and the Cochrane Database of Systematic
Reviews for relevant English-language comparative studies.

Review methods. Two investigators screened each abstract and full-text article for inclusion,
abstracted data, rated quality and applicability, and graded the strength of evidence. Random-
effects models were used to compute summary estimates of effect where several similar studies
provided estimates.

Results. Sixty studies involving 7,096 patients evaluated biomarker tests, echocardiography, or
both to screen for PAH. Symptom status of study populations consisted of asymptomatic (3
studies; 481 patients), symptomatic (41 studies; 4,394 patients), mixed (8 studies; 1,186
patients), and symptoms not described (8 studies; 1,035 patients). N-terminal pro-B-type
natriuretic peptide (NT-proBNP) showed moderate correlation with right heart catheterization
(RHC) hemodynamic measures and a great deal of variability between studies in its diagnostic
accuracy and discrimination; however, one good-quality prospective cohort study suggested that
biomarker testing with NT-proBNP might be useful in ruling out PAH in patients with symptoms
suggestive of PAH who have elevated systolic pulmonary artery pressure (SPAP) by
echocardiography. No data are available regarding combined echocardiography and biomarker
screening in asymptomatic patients at high risk for PAH. Echocardiography estimates of
pulmonary artery pressures (SPAP, tricuspid gradient [TG], and tricuspid regurgitant jet velocity
[TRV]) and PVR (TRV/velocity-time integral of right ventricular outflow tract [V Tlrvot])
demonstrated good accuracy in screening for PAH, but accuracy varied with the prevalence of
PAH in study populations.

Ninety-nine studies involving 8,655 patients evaluated biomarker tests, echocardiography, or
both to evaluate severity or prognosis and followed progression of disease or response to
therapy. B-type natriuretic peptide (BNP) showed moderate correlation with most RHC measures
(mean pulmonary artery pressure [MPAP], PVR, cardiac index, right atrial pressure [RAP]) and
clinical measures of disease severity (6-minute walk distance [EMWD]) and showed weak
correlation with pulmonary capillary wedge pressure (PCWP), indicating that BNP levels alone
could not serve as an accurate surrogate marker for disease severity. Echocardiography-derived
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sPAP showed strong correlation with RHC-sPAP with a precise summary effect estimate,
although there was a great deal of heterogeneity of results among individual studies. BNP level
(summary hazard ratio [HR] 2.42; 95% confidence interval [CI], 1.72 to 3.41) and presence of
pericardial effusion were strong predictors of mortality (summary HR 2.43; 95% CI, 1.57 to
3.77) RA size and uric acid were also predictive of mortality, but fractional area change (FAC)
showed no significant ability to predict mortality, and data on TAPSE were insufficient.

Thirty-seven studies involving 4,192 patients assessed the effectiveness of drug treatments for
PAH in adults. Few deaths were observed in these limited duration studies, leading to wide Cls
and lack of statistical power to detect a mortality difference associated with treatment. All drug
classes demonstrated increases in 6WMD when compared with placebo, but comparisons
between agents were inconclusive. Combination therapy also showed improved 6WMD
compared with monotherapy, but the diversity of treatment regimens and the small number of
combination therapy trials again make comparisons between specific regimens inconclusive. The
odds ratio (OR) of hospitalization was lower in patients taking endothelin receptor antagonists or
phosphodiesterase-5 inhibitors compared with placebo (OR 0.34 and 0.48, respectively), while
the reduction in patients taking prostanoids compared with placebo was similar but not
statistically significant. Each drug class showed a favorable impact on at least two of the three
hemodynamic outcomes: cardiac index, mPAP, and PVR.

The applicability of these findings is limited by the relative lack of diagnostic studies among
asymptomatic patients and, in prognostic and diagnostic studies, inadequate description and
apparent diversity of disease etiology and severity.

Conclusions. Further confirmation is needed to determine if the combination of
echocardiography and the biomarker NT-proBNP is sufficiently accurate to rule out PAH when
testing symptomatic patients. In asymptomatic populations, more research is needed to permit
conclusions regarding their effectiveness for screening. BNP, RA size, presence of pericardial
effusion, and uric acid had prognostic value in patients with PAH, but other echocardiographic
parameters and biomarkers either were not predictive or had insufficient data. Although no
studies were powered to detect a mortality reduction, monotherapy was associated with
improved 6MWD and reduced hospitalization rates. Comparisons of different drug combinations
were inconclusive regarding a mortality reduction but suggested an improvement in 6MWD
when a second drug was added to existing monotherapy.
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Executive Summary
Background

Epidemiology and Etiology of Pulmonary Arterial Hypertension

Pulmonary arterial hypertension (PAH), a subcategory of pulmonary hypertension (PH), is a
rare and progressive disease whose prevalence is estimated to be between 15 and 50 cases per 1
million adults.! While the pathophysiology is not well understood, both genetic and
environmental factors have been found to contribute to changes in the pulmonary vasculature,
causing increased pulmonary vascular resistance. This increased resistance, if unrelieved,
progresses to right ventricular pressure overload, dysfunction, and ultimately right heart failure
and premature death.? The causes of PAH are numerous and are listed in Table A, taken from the
Fourth World Symposium on PAH (2008).% Before the availability of disease-specific therapy in
the mid-1980s, the median life expectancy at the time of diagnosis was 2.8 years."*

Table A. Updated clinical classification of pulmonary hypertension (Dana Point, 2008)*

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 hemorrhagic telangiectasia)
1.2.3 Unknown
1.3 Drug and toxin-induced
1.4 Associated with:
141 Connective tissue disease
14.2 HIV infection
143 Portal hypertension
144 Congenital heart diseases
145 Schistosomiasis
1.4.6 Chronic hemolytic anemia
15 Persistent pulmonary hypertension of the newborn
1. Pulmonary veno-occlusive disease (PVOD) and/or pulmonary capillary hemangiomatosis (PCH)
2. Pulmonary hypertension owing to left heart disease
2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease
3. Pulmonary hypertension owing to lung diseases and/or hypoxemia
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 (CTEPH)
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Table A. Updated clinical classification of pulmonary hypertension (Dana Point, 2008)?
(continued)

5. Pulmonary hypertension with unclear multifactorial mechanisms
5.1 Hematologic 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

ALK1 = activin receptor-like kinase type 1; BMPR2 = bone morphogenetic protein receptor type 2; HIV = human
immunodeficiency virus
®Fourth World Symposium on PAH in Dana Point, CA (2008).

Table reprinted from the Journal of the American College of Cardiology, Vol 54, No. 1, Suppl S, Simonneau G, Robbins IM,
Beghetti M, et al., Updated Clinical Classification of Pulmonary Hypertension, Pages No. S43-54, Copyright 2009, with
permission from Elsevier.®

Screening and Diagnosis

There are two separate populations for which screening for PAH needs to be considered.
First, there are patients with symptoms that raise the suspicion of PAH. The symptoms of PAH
can be insidious and nonspecific and may include shortness of breath, fatigue, weakness, chest
pain, syncope, leg swelling, and abdominal distention. Symptoms that are present at rest suggest
advanced disease.! Since these symptoms are nonspecific, screening may be necessary to help
the physician decide whether the patient should undergo a diagnostic workup for PAH, or
whether other conditions should be considered. The other population is patients with medical
conditions that put them at risk for PAH. In these patients screening test