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PATIENT PRESENTATION
A75-year-oldwomanwithend-stage re-
naldiseasewhowasreceivinghemodialy-
sis and had systemic hypertension, dia-
betesmellitus, rheumatoidarthritis, and
interstitiallungdiseasepresentedwithdys-
pnea,exercise intolerance,and legswell-
ing. ShehadWorldHealthOrganization
(WHO) functional class III symptoms
(BOX 1). Physical examination was no-
table for a blood pressure of 165/94
mm Hg, elevated jugular venous pres-
sure, bibasilar crackles, a right ven-
tricular (RV) lift, regular rate and
rhythm, a loud P2, a 3/6 holosystolic
murmur at the left sternal border, and
leg edema. Echocardiography re-
vealed a left ventricular (LV) ejection
fraction of 70% (normal range, �55%),
moderate-to-severe tricuspid regurgi-
tation, and an elevated pulmonary
artery systolic pressure (PASP) of
93 mm Hg (normal range, �35-40
mm Hg). The patient was referred by
her internist to the pulmonary hyper-
tension (PH) clinic because of the find-
ing of elevated PASP on echocardiog-
raphy. The referring physician was
concerned about the presence of PH and
wondered whether pulmonary vasodi-
lator therapy was indicated.

COMMENT
Definition and Presentation

Pulmonary hypertension is a hemody-
namic and pathophysiologic condition

defined as mean pulmonary artery (PA)
pressure 25 mm Hg or greater. Further
characterization of PH is dependent on
the combination of values for mean PA
pressure, cardiac output, and pulmo-
nary capillary wedge pressure (ie, left-
sided filling pressures) (TABLE 1).4,11,12

Besides dyspnea and exercise intoler-
ance, exertional lightheadedness is an im-
portant clue to the diagnosis of PH. Signs
of right-sided heart failure (HF), such as
elevated jugular venous pressure, hepa-
tomegaly, ascites, and lower extremity
edema, along with abnormal findings on
cardiac examination, such as an RV lift,
loud P2, and tricuspid regurgitation mur-
mur, are all important findings that
should alert clinicians to the presence of

PH. Electrocardiographic signs of PH in-
clude P pulmonale, RV hypertrophy, RV
strain, and an S1Q3T3 pattern; signs of
PH on chest radiography include RV en-
largement, dilated pulmonary arteries,
and peripheral pruning.

Differential Diagnosis

Several medical conditions can result in
elevated PA pressure; thus, it is essen-
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Pulmonary hypertension (PH), defined as elevated pulmonary artery pres-
sure, is common in the general population and associated with increased
mortality. Accordingly, physicians commonly encounter patients with dys-
pnea, exercise intolerance, and/or right heart failure who have elevated pul-
monary artery systolic pressure (PASP) on echocardiography. Although pul-
monary arterial vasodilators may often be considered in this setting, these
drugs have been predominantly tested in the subset of PH patients with pul-
monary arterial hypertension (PAH). Elevated PASP alone is not sufficient
for the diagnosis of PAH, and secondary causes of PASP elevation, most com-
monly left heart disease, are far more prevalent than isolated PAH. Treat-
ment of this more common group of patients with PH due to left heart dis-
ease is challenging because there are few evidence-based treatment options,
and pulmonary vasodilator therapy may lead to worsening symptoms. There-
fore, improving symptoms and avoiding adverse outcomes in patients with
PH requires the following: (1) understanding the optimal use of echocardi-
ography for the diagnosis of PH; (2) recognizing the utility and proper in-
terpretation of invasive hemodynamic testing prior to starting pulmonary va-
sodilator therapy; (3) differentiating PAH from pulmonary venous hypertension
due to left heart disease; and (4) understanding the appropriate treatment
strategies for PH and resultant right heart failure.
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tial to systematically and accurately di-
agnose, evaluate, and categorize PH in
the individual patient. The WHO cat-
egorization of types of PH,3 which groups
various etiologies of PH by similarities
in underlying pathology and response to
treatment (Table 1), facilitates the proper
categorization of PH. Although the WHO
categories of PH are not always mutu-
ally exclusive, most patients have one
predominant type of PH. WHO catego-
rization of PH facilitates identification of
Group 1 PH, pulmonary arterial hyper-
tension (PAH), the form of PH with the
most evidence supporting treatment with
pulmonary vasodilators.

Within the WHO Group 1 PAH cat-
egory, most prior studies have focused
on idiopathic PAH, previously known as
primary pulmonary hypertension. Other
causes of WHO Group 1 PAH include
heritable PAH (most often due to bone
morphogenetic protein receptor type 2
[BMPR2] gene mutations), anorexigen-
induced PAH, and medical conditions as-
sociated with PAH (including portal hy-
pertension, connective tissue disease
[most commonly systemic sclerosis], hu-
man immunodeficiency virus, schisto-
somiasis, chronichemolytic anemias, and
congenital heart disease [Eisenmenger
syndrome]).1,3,4

Besides WHO Group 1 PAH, other
forms of PH include WHO Groups 2
(pulmonaryvenoushypertension),3 (PH
due to hypoxemia), 4 (chronic throm-
boembolic PH), and 5 (miscellaneous or
multifactorial). Expert consensus docu-
ments have outlined detailed recommen-
dations for the diagnosis, categoriza-
tion, and treatment of PH.1,4

Given the large number of potential
causes of PH, the accurate diagnosis and
categorizationofPHrequires integration
of demographic, clinical, echocardio-
graphic, and hemodynamic data. How-
ever, there are demographic and clinical
factors that assist in the initial diagnos-
ticimpression.Forexample,patientswith
idiopathicPAHaretypicallywomen(1.7:1
female-male ratio)withameanageatdi-
agnosisof37years,4whereaspatientswith
pulmonary venous hypertension, while
alsopredominantlywomen,are typically
older, with a mean age of 64 years.11

Epidemiology and Prognosis
Although WHO Group 1 PAH is the
most frequently studied form of PH, it
is the least common, based on an esti-
mated prevalence of approximately 15
cases per million (5.9 cases per mil-
lion for idiopathic PAH).13 Survival of
patients with idiopathic PAH has im-
proved significantly over the past 20
years, but the 5-year mortality rate
(34%) is still high,14 underscoring the
importance of timely diagnosis and
treatment of PAH.

Compared with WHO Group 1 PAH,
secondary forms of PH (Table 1) are
much more common and equally as-
sociated with a high morbidity and mor-
tality.5-8,15,16 A population-based epide-
miologic study highlighted the burden
of elevated PA pressure in the commu-
nity.5 In this study, 20% of community-
dwelling individuals had an echocar-
diographic PASP of 34 mm Hg or
greater (ie, �upper limits of nor-
mal17), increases in PASP correlated
with increased age and systolic blood
pressure, and elevated PASP was inde-
pendently associated with increased
mortality. When elevated PASP is de-
tected clinically on echocardiography,
the etiology is most commonly pulmo-
nary venous hypertension due to left
heart disease (�65%) with only a mi-
nority (�3%) due to PAH.9 In unse-
lected patients with left HF and pre-
served ejection fraction (HFPEF), the
estimated frequency of elevated PASP
is very high (83%,6 which is equiva-
lent to a prevalence of at least 2.5 mil-
lion individuals in the United States
alone).9,17 Elevated PASP is also com-
mon in obesity, systemic hyperten-
sion, coronary artery disease, chronic
kidney disease, obstructive sleep ap-
nea, underlying lung disease, and
aging.5,10,17-21

Thus, in contrast to WHO Group 1
PAH (which is rare), secondary forms
of PH, especially WHO Group 2 PH, are
common and may affect up to 10% to
20% of the general population.1,5,9

Pathogenesis

Although left heart disease is the most
common cause of PH, there is a rela-

tive paucity of data on the frequency of
pathologic pulmonary vascular changes
in this heterogeneous group of pa-
tients. WHO Group 1 PAH is predomi-
nantly a disease of the distal pulmo-
nary arteries (ie, pulmonary artery
vasculopathy) with pathologic changes
that include pulmonary arterial vaso-
constriction, medial hypertrophy, in-
timal proliferation and fibrosis, com-
plex plexiform lesions, and thrombotic
lesions. Pulmonary arterial hyperten-
sion typically starts as a compensated
phase characterized by abnormal PA en-
dothelium, pulmonary arterial vaso-
constriction and stiffening, loss of mi-

Box 1. World Health
Organization Functional
Classification of Pulmonary
Hypertension

This modified form of the New York
Heart Association (NYHA) func-
tional classification includes symp-
toms specific to pulmonary hyper-
tension (PH), especially near
syncope. Although not stated explic-
itly in the World Health Organiza-
tion (WHO) functional classifica-
tion, syncope due to PH is considered
WHO functional class IV.1,2

Class I: Patients with PH who have
no limitation of physical activity. Or-
dinary physical activity does not
cause dyspnea, fatigue, chest pain, or
near syncope.

Class II: Patients with PH who have
slight limitationofphysical activitybut
are comfortable at rest. Ordinary
physical activity causes dyspnea, fa-
tigue, chest pain, or near syncope.

Class III: Patients with PH who
have marked limitation of physical
activity but are comfortable at rest.
Less than ordinary physical activity
causes dyspnea, fatigue, chest pain,
or near syncope.

Class IV: Patients with PH who are
unable to carry out any physical ac-
tivity without symptoms. These pa-
tients exhibit signs of right heart fail-
ure. Dyspnea or fatigue may be
present at rest. Discomfort is in-
creased by any physical activity.
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crovessels, and RV hypertrophy. As
PAH progresses, pulmonary vascular in-
timal proliferation, obliterative PA re-
modeling, and pulmonary vascular fi-
brosis occur and ultimately lead to RV
dilation and failure.22

The prevalence of these pathologic
changes in PH due to left HF is not es-
tablished. In the setting of left HF, el-
evated PA pressures may be a result of
“passive” back pressure due to eleva-
tions in left heart pressures or “reac-
tive” changes due to superimposed pul-
monary vasoconstriction and vascular
remodeling.23,24 Several studies have
identified intrinsic pulmonary arterial
vasculopathy on autopsy and biopsy
specimens in both mitral stenosis25 and
left HF with reduced ejection fraction
(systolic HF).23,24,26 Whether these
changes are common, and whether they
are present in HFPEF, is unknown.

Regardless of type of PH, persistent
elevation of PA pressures results in RV
dysfunction and can lead to RV failure.
Unlike the LV, the RV is a thin-walled
structure that is accustomed to the
low-pressure pulmonary circula-
tion.27,28 Whereas the LV can withstand
high pressures before failing, the RV has
muchless reserveandbegins to failmuch
earlier with rise in PA pressures.22 In

addition, right coronary artery blood
flow, which normally occurs through-
out the cardiac cycle, occurs predomi-
nantly in diastole in patients with PH,
thereby rendering the RV ischemic.29

Elevation in RV end-diastolic pressures
and reduced systemic (aortic) blood
pressure, along with increased RV myo-
cardial oxygen demand in the face of
increased RV afterload, all serve to fur-
ther impair RV function and contribute
to right-sided HF in PH.

Diagnostic Approach

When evaluating a patient with known
or suspected PH, Doppler echocardiog-
raphy is the best first screening test and
is ordered commonly for this reason
(FIGURE 1). Pulmonary artery systolic
pressurecanbemeasurednoninvasively
with Doppler echocardiography using
the simplified Bernoulli equation (eFig-
ure, available at http://www.jama
.com).30,31 Although PASP measured by
echocardiography correlates rela-
tively well with PASP measured inva-
sively, Bland-Altman analysis32 in the
clinical setting demonstrates that large
(�10-20 mm Hg) differences between
invasive and noninvasive PASP are
common.33-35 Furthermore, use of the
simplified Bernoulli equation relies on

assumptions that are not always true,36

and PASP alone does not provide a com-
plete picture of pulmonary vascular re-
sistance (PVR).

Reasons for inaccurate Doppler echo-
cardiographic estimation of PASP
include ultrasound-related problems
(poor acoustic windows, poor Dop-
pler beam alignment with the tricus-
pid regurgitant [TR] jet [leading to
underestimation of the TR pressure gra-
dient between the RV and the right
atrium], interobserver variability in
measurement of the peak TR velocity)
and problems with the simplified Ber-
noulli equation (changes in viscosity
[affected by red blood cell deformity,
anemia, hypoxemia] and pressure-
recovery phenomenon36). In addition,
there are several causes for PASP eleva-
tion on echocardiography besides
elevated pulmonary vascular resis-
tance: most commonly, PASP is elevated
because of increased left atrial pres-
sure due to left heart disease; PASP can
also be elevated because of high car-
diac output states (eg, anemia, cirrho-
sis, arteriovenous fistulas, hyperthy-
roidism); and PASP can increase
because of increased systolic blood pres-
sure, especially in the setting of HF or
chronic kidney disease.

Table 1. Diagnostic Criteria and WHO Categorization of Pulmonary Hypertensiona

All Groups Group 1 Group 2 Group 3 Group 4 Group 5

Description Elevated pulmonary
artery pressure

Pulmonary arterial
hypertension

Pulmonary venous
hypertension

PH due to
hypoxemia

Chronic
thromboembolic
PH

Miscellaneous or
multifactorial
PH

Estimated prevalenceb Up to 10%-20% of
the general
population

15 cases per million
overall, 6 cases
per million for
idiopathic
PAHc

�3-4 million in the
United States

20% in COPD
patients with a
prior
hospitalization
for COPD
exacerbation,
�50% in
advanced
COPD;
32%-39% in
interstitial lung
disease

0.5%-2%
(up to 3.8%) in
survivors of
acute
pulmonary
embolism

Unclear

Diagnostic criteriad

Mean PA pressure, mm Hg �25 �25 �25 �25 �25 �25

PCWP or LVEDP, mm Hg �15 �15 �15 �15 �15

PVR, dynes/s/cm5 �240 �240 �240 �240

Abbreviations: COPD, chronic obstructive pulmonary disease; LVEDP, left ventricular end-diastolic pressure; PA, pulmonary artery; PAH, pulmonary arterial hypertension; PCWP,
pulmonary capillary wedge pressure; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; WHO, World Health Organization.

aWHO categorization of pulmonary hypertension is described in detail elsewhere.3
bPrevalence estimates were derived from other sources.1,4-10

cWorldwide prevalence of PAH due to schistosomiasis is not well defined; thus, the worldwide prevalence of PAH may be higher.
dDefinitive diagnosis requires invasive hemodynamic testing. Pressures should be measured at end-expiration (not the digital mean) to minimize the effect of negative intrathoracic

pressure on hemodynamic values, which is especially common in patients with parenchymal lung disease and morbid obesity (both of which cause large swings in intrathoracic
pressure). Accurate PCWP position should be confirmed fluoroscopically and by checking PCWP saturation (confirming that it is equal to the systemic saturation). When in doubt,
left heart catheterization should be performed to measure LV filling pressures directly.

PULMONARY HYPERTENSION

1368 JAMA, October 3, 2012—Vol 308, No. 13 ©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Cincinnati Libraries User  on 04/10/2019



Figure 1. Pulmonary Hypertension Diagnostic and Categorization Algorithm

Invasive hemodynamic testingEtiologic evaluationa Functional testing

Doppler echocardiography

Yes

Pulmonary arterial hypertension 
(WHO Group 1, 3, 4, or 5 PH)

Pulmonary venous hypertension
(WHO Group 2 PH)

No Pulmonary capillary 
wedge pressure 

>15 mm Hg?

Yes Yes

NoIs PASP elevated
(>35-40 mm Hg)?

Yes

Yes

NoPersistent symptoms 
or clinical worsening?

Evaluate for causes of 
symptoms other than 
PH

Yes

No
Are there other echocardiographic signs 
suggestive of PH (RV dysfunction, 
interventricular septal flattening) on 
echocardiography?

No

Is a common cause of PASP or RV 
dysfunction present, such as left heart 
disease, high output state, chronic 
lung disease, sleep apnea, or chronic 
thromboembolic disease?

6-minute walk test, low-intensity 
exercise treadmill test, or 
cardiopulmonary exercise test

Confirm diagnosis of PH (mean 
pressure ≥25 mm Hg)

Evaluate prognostic variables 
(right atrial pressure, cardiac 
output, pulmonary vascular 
resistance)

Laboratory evaluation (antinuclear 
antibody, HIV, and liver function 
tests)

Pulmonary function testing
Ventilation/perfusion scan
Overnight polysomnography

Estimate pulmonary artery systolic
pressure (PASP)

Evaluate right ventricular (RV) size and function
Evaluate for signs of left heart disease
(reduced left ventricular ejection fraction, diastolic 
dysfunction, aortic or mitral valve disease)

Perform agitated saline shunt study to
evaluate for intracardiac shunt

Suspected pulmonary hypertension (PH) based on symptoms,
physical signs, electrocardiograph, and chest radiograph

Treat suspected common
cause of PH or RV dysfunction

Monitor for persistent 
symptoms or clinical 
worsening. Consider repeat 
Doppler echocardiography 
to reevaluate.

Use functional status to 
help direct choice of 
therapy

Use etiologic evaluation in 
conjunction with invasive 
hemodynamic testing to 
determine the most 
appropriate WHO group

Conduct additional testing

The initial goal of the algorithm is to determine whether PH is likely present based on echocardiography and whether the PH could be due to a common cause. If PH is present
and the cause is not apparent, if symptoms persist despite treatment of the suspected underlying cause, if pulmonary arterial hypertension is suspected, or if treatment with
pulmonary vasodilators is being considered, further evaluation is necessary. At this point, additional testing to determine the etiology of PH, evaluation of functional capacity,
and invasive hemodynamic testing are all indicated—with the ultimate goals of confirming the PH diagnosis, differentiating pulmonary arterial from pulmonary venous hy-
pertension, determining type of PH, and choosing initial therapy. WHO indicates World Health Organization. aBased on the results of initial testing, consider further evaluation
with high-resolution chest computed tomography (CT), CT angiography, or transesophageal echocardiography when indicated.
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The prevalence of PH in sickle cell dis-
ease demonstrates some of the poten-
tial pitfalls of echocardiographic PASP.
When diagnosed by echocardiographic
PASP only, the prevalence of PH in sickle
cell disease appears to be high (27%-
40% prevalence using a tricuspid regur-
gitant jet velocity �2.5 m/s).37-39 How-
ever, elevated PASP in sickle cell disease
can be due to reasons other than intrin-
sic pulmonary vascular disease (ie, PAH).
Other causes of elevated PASP in sickle
cell disease include high cardiac output
(due to anemia), high output HF (due
to both high cardiac output and el-
evated LV filling pressure), and anemia
itself (decreased viscosity leading to in-
accurate PASP due to violations of the
simplified Bernoulli equation assump-
tions). Accordingly, when diagnosed in-
vasively and systematically, the preva-
lence of PAH was found to be quite low
(2.9%-4.1%) in the sickle cell disease
population, and the prevalence of PH
overall (including both PAH and pul-
monary venous hypertension) was not
much higher (6%-11%).37,39,40 Al-
though these studies and others41 dem-
onstrate that additional testing (such as
6-minute walk distance and natriuretic
peptides) along with a higher threshold
for screening PASP (eg, TR jet velocity
�2.9 m/s) assists in the diagnosis of true
PH in sickle cell disease, these data nev-
ertheless demonstrate that elevated echo-
cardiographic PASP alone cannot be used
to make the definitive diagnosis of PH,
especially PAH.

Despitetheaforementionedlimitations
of estimated PASP, echocardiography is
important for the evaluation of both left
heartdiseaseandtheRV.Inpatientswith
PH, progressive RV failure is a major de-
terminantofmorbidityandmortality.14,42-44

Progression of RV dysfunction leads to a
decline incardiacoutputandreducedPA
pressures,includingPASP.However,PVR
continues to increase. Thus, parameters
suchaselevatedrightatrialpressure(RV
diastolic dysfunction), reduced cardiac
output(RVsystolicdysfunction),andin-
creasedPVR(indicativeofpulmonaryar-
terial vasoconstriction and remodeling)
are all more closely associated with poor
outcomes in PH compared with high PA

pressuresalone.14 Therefore, theRVisthe
singlemost importantaspectofechocar-
diographicevaluationinpatientswithsus-
pected or known PH, and integration of
both PASP and RV size and function
(FIGURE2) will allow for a more optimal
assessment of PH.

Given the limitations of echocardiog-
raphy for diagnosing PH, expert consen-
sus statements advocate the use of inva-
sive diagnostic testing to confirm the
diagnosis of PH (especially PAH) when
possible.4,11 Asoutlined inTable1,hemo-
dynamic criteria necessary for the diag-
nosis and categorization of PH require
right heart catheterization. Invasive
hemodynamic testing is also important
for the differentiation between PAH
(ie, a precapillary pulmonary arteriolar
vascularproblem[PCWP �15mmHg])
and pulmonary venous hypertension
(ie, postcapillary pressure elevation due
to a downstream left atrial or LV pres-
sure elevation problem [PCWP �15
mm Hg]) because treatment differs sig-
nificantly, and the wrong treatment can
result in deleterious outcomes.45,46

Even though invasive hemody-
namic testing is often considered the
gold standard for evaluation of PH, it
too has limitations that must be con-
sidered when evaluating patients with
suspected or known PH. For example,
given the critical role of PCWP deter-
mination in patients with PH (for the
differentiation of PAH from pulmo-
nary venous hypertension), it is impor-
tant that the PCWP be accurate. How-
ever, studies that have evaluated
simultaneous measurement of PCWP
and LV end-diastolic pressure in the
clinical setting have found that there can
be significant discrepancies between the
2 pressures.12,47,48 Table 1 includes sug-
gestions for optimum hemodynamic
evaluation, especially the accurate mea-
surement of PCWP. If there is uncer-
tainty about the accuracy of the PCWP,
direct measurement of LV end-
diastolic pressure should be considered.

Despite the aforementioned poten-
tial limitations, carefully performed in-
vasive hemodynamic testing aids the di-
agnosis and categorization of PH. Given
the high costs of pulmonary vasodila-

tors, and potential adverse implications
of these treatments in patients without
PAH, expert consensus guidelines ad-
vocate the use of invasive hemody-
namic testing in all patients prior to the
initiation of pulmonary vasodilators. At
experienced centers, invasive hemody-
namic testing is a low-risk procedure
(1.1% risk of adverse events [most fre-
quently related to venous access, arrhyth-
mias, and transient hypotension], with
a 0.055% risk of procedure-related
mortality).49 When interpreted appro-
priately in the context of echocardiog-
raphy and other clinical data, invasive he-
modynamic data are helpful for
establishing the diagnosis of PH and
planning appropriate therapy.

Treatment

To date, the majority of drug develop-
ment in PH has been for patients with
WHO Group 1 PAH. The approved
therapies for PAH fall into 3 classes of
pulmonary vasodilators: phosphodies-
terase-5 inhibitors, endothelin-
receptor antagonists, and prostacyclin
analogues (TABLE 2 and BOX 2). Based
on the current evidence from random-
ized controlled trials, only patients with
symptomatic WHO Group 1 PAH have
clear indications for pulmonary vaso-
dilator therapy.

Despite significant progress in the
treatment of WHO Group 1 PAH, the
vast majority of patients with PH have
secondary PH; thus, treatment of the ma-
jority of patients with PH represents a
clinical challenge.45,46 In the absence of
specific therapies, many patients with the
more common forms of PH are treated
with pulmonary vasodilators, which may
be inappropriate given the lack of large
randomized controlled trials and the po-
tential for adverse outcomes. For ex-
ample, in patients with chronic lung dis-
ease who have ventilation-perfusion
mismatch, treatment with pulmonary va-
sodilators can increase perfusion to non-
ventilated lung segments, thereby exac-
erbating dyspnea and worsening
hypoxemia.46 In patients with pulmo-
nary venous hypertension and elevated
LV filling pressures, treatment with pul-
monary vasodilators can increase pul-
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monary blood flow and may result in
worsening of pulmonary venous hyper-
tension and pulmonary edema.45 Nev-
ertheless, the use of pulmonary vasodi-
lators for secondary forms of PH is an
active area of investigation.

In patients with left heart disease, if
PA pressure elevation is simply due to
volume overload, systemic hyperten-
sion, or both, treatment with pulmo-
nary vasodilators may not be helpful.
Instead, treatment should focus on low-
ering systemic blood pressure and aug-
menting diuresis. However, in pa-
tients with left-sided HF in whom
superimposed pulmonary vascular
disease is present, treatment with

phosphodiesterase-5 inhibitors may
provide benefit. In a recent small ran-
domized controlled trial of patients with
HFPEF (N=44) who had evidence of
“reactive” PH (mean PA pressure �25
mm Hg, PA diastolic pressure–PCWP
�5 mm Hg), treatment with sildenafil
decreased PVR and resulted in improve-
ments in LV diastolic function, RV func-
tion, and quality of life.50 Other stud-
ies in patients with left heart disease
have found similar benefits with phos-
phodiesterase-5 inhibition,51,52 but
larger studies are still required. Treat-
ment with endothelin blockers in
patients with systolic HF have been dis-
appointing,53 and intravenous prosta-

cyclins in patients hospitalized with sys-
tolic HF increased mortality.54 Box 2
outlines additional treatment options
for PH due to chronic lung disease, ob-
structive sleep apnea, and chronic
thromboembolic PH.

Optimal management of RV dysfunc-
tion in all types of PH is critical be-
cause of the aforementioned associa-
tion between RV dysfunction and
increased mortality in PH. In PH pa-
tients with chronic right-sided HF, gen-
eral measures for HF (sodium and fluid
restriction, diuretics, and close follow-
up) should be undertaken, with the goal
of avoiding acute exacerbations of RV
failure, which can be a life-threaten-

Figure 2. Case Patient’s Echocardiogram Demonstrating Useful Parameters for the Evaluation of Right Ventricular Size and Function

RV fractional area change = (RV end-diastolic area) – (RV end-systolic area) =
RV end-diastolic area

22 – 14 = 0.36
22

22 cm2 14 cm2

RV end-diastolic area RV end-systolic area

TAPSE = 1.6 cm

Reference value >0.35

Reference value >1.6 cm Reference value >10 cm/s

RV S  = 9.8 cm/s

Tricuspid annular plane
systolic excursion (TAPSE)

Tissue Doppler peak systolic velocity
of the basal RV free wall (RV S )

Assessment of global right ventricular (RV) systolic functionA

Assessment of longitudinal RV systolic function B

Sample echocardiographic imaging from the case patient. A, Global right ventricular (RV) systolic function can be assessed by RV fractional area change (reference
value, �0.35). B, Longitudinal RV systolic function can be assessed by tricuspid annular plane systolic excursion (normal, �1.6 cm) and tissue Doppler peak systolic
velocity of the basal RV free wall (reference value, �10 cm/s). These echocardiographic images were obtained 6 months after treatment and demonstrate near-
normalization of RV systolic function in the case patient. Data for reference values are obtained from Rudski et al.31 See Video of the case patient’s baseline echocar-
diogram and the echocardiographic findings of 2 additional patients for comparison at http://www.jama.com.
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ing problem. Unfortunately, high qual-
ity, evidence-based data for treatment
of acute RV failure in the setting of PH
are lacking; therefore treatment is em-
pirical and primarily based on appro-
priate fluid management, treatment and
prevention of renal dysfunction, and de-
creasing RV ischemia. Patients with
acute decompensated RV failure may
have a reason (eg, sepsis) for the de-
velopment of systemic hypotension and
worsening hemodynamics. Careful ex-
amination of jugular venous pressure,
early echocardiographic assessment,
and low threshold for diagnostic right
heart catheterization (or central venous
pressure monitoring) will help avoid in-
correct—and potentially adverse—fluid
management in this setting. It is criti-
cal to avoid aggressive fluid resuscita-
tion unless absolutely necessary. Ad-
ministration of intravenous fluids can
further distend the RV and result in
worsening LV compression with resul-
tant decreased cardiac output and wors-
ening of systemic hypotension.

Renal dysfunction (even slight eleva-
tioninserumcreatinine)isassociatedwith
increased mortality in PH.55 Acute and
chronic kidney disease can be due to al-
tered hemodynamics in PH and kidney
diseasecancausesignificantPHthrough
systemichypertensionor fluidretention.
AlthoughworseningrenalfunctioninPH
may be attributed to decreased cardiac
output, patients with PH of all types can
developsignificantRVfailurewithsevere
elevation in systemic venous pressures.
Thus,althoughreducedrenalbloodflow
may be due to reduced cardiac output in
PH, renal venous congestion with resul-
tant “congestive nephropathy” may be a
morecommoncauseofrenaldysfunction
inPH.Foraccuratediagnosis, laboratory
workup of acute renal failure, renal ul-
trasound, and echocardiography can be
used. If thehemodynamicstateof thepa-
tient isequivocal, rightheartcatheteriza-
tion can be helpful. In most cases, intra-
venous diuresis or ultrafiltration will be
keysincerenalvenouscongestionandRV
distensionarelikelyworseningrenalper-

fusion.Creatininemay improvewith re-
lief of renal venous congestion. If creati-
nine rises with intravenous diuresis, he-
moconcentration should be considered
as a possible cause by looking for con-
comitant increases in levels of hemato-
crit, albumin, and/or total protein.56 In
thesecases, theincreaseincreatininemay
not imply worsening renal function.

In significant PH with acute RV fail-
ure, RV ischemia can play a central role
in the pathogenesis of cardiogenic shock;
thus, maneuvers that augment coro-
nary blood flow and decrease myocar-
dial oxygen demand may be helpful.
These include supplemental oxygen, in-
creasing oxygen carrying content (in-
creasing hemoglobin concentration with
red blood cell transfusion as needed), de-
creasing PA pressures (eg, administra-
tion of inhaled nitric oxide), and diure-
sis or ultrafiltration to remove fluid.

Patient Outcome

The ultimate diagnosis of type of PH in
our patient was based on the patient’s

Table 2. Treatments for Pulmonary Arterial Hypertensiona

Drug Class Specific Drugs Starting Dose Target Doseb
Adverse Effects
and Warnings

Calcium-channel blockers Diltiazem (oral)
Amlodipine (oral)
Nifedipine (oral)

60 mg 3 times daily
2.5 mg daily
30 mg slow release

twice daily

240-720 mg (total daily dose)
20 mg (total daily dose)
120-240 mg (total daily dose)

Systemic hypotension,
tachycardia
(dihydropyridines);
only use in patients
who meet criteria for
positive response on
vasodilator testingb

Phosphodiesterase-5
inhibitors

Sildenafil (oral)
Tadalafil (oral)

20 mg 3 times daily
20-40 mg once daily

20-80 mg 3 times daily
20-40 mg once daily

Headache, flushing

Endothelin-receptor
antagonists

Bosentan (oral)
Ambrisentan (oral)

62.5 mg twice daily
5 mg once daily

62.5-125 mg twice daily
5-10 mg once daily

Dose-dependent
hepatotoxicity,
edema, decreased
hemoglobin,
headache;
contraindicated in
pregnancy

Prostacyclin analogues Epoprostenol (IV)
Iloprost (inhaled)
Treprostinil (IV)
Treprostinil (SC)
Treprostinil (inhaled)

2 ng/kg/min
2.5 µg/dose, 6-9 times/d
1.25 ng/kg/min
1.25 ng/kg/min
3 inhalations 4 times daily

20-40 ng/kg/minc

2.5-5 µg/dose, 6-9 times/d
40 ng/kg/minc

40 ng/kg/minc

9 inhalations 4 times daily

Flushing, headache, rash,
diarrhea, nausea, jaw
pain, site pain (IV,
SC), cough (inhaled
preparations);
pulmonary edema (do
not use in patients
with elevated
left-sided filling
pressures)

Abbreviations: IV, intravenous; PAH, pulmonary arterial hypertension; SC, subcutaneous.
aAdditional supportive therapies for WHO Group 1 PAH include warfarin (goal international normalized ratio 1.5-2.5; evidence limited to idiopathic PAH, heritable PAH, and anorexigen-

associated PAH), diuretics, oxygen, and digoxin.
bTotal daily doses for calcium-channel blockers in PAH are typically quite high; however, starting doses should be low, and patients should be monitored for systemic hypotension;

these drugs should only be used in patients who meet criteria for vasodilator response on invasive hemodynamic testing (mean pulmonary artery pressure decrease to �40
mm Hg, decrease in mean pulmonary artery pressure �10 mm Hg, and unchanged or increased cardiac output).

cDoses vary by patient; doses are typically titrated to adverse effects.
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risk factors, echocardiography find-
ings, and invasive hemodynamic test-
ing. Further evaluation of the pa-
tient’s echocardiogram revealed LV
hypertrophy, moderate diastolic dys-
function, biatrial enlargement, RV sys-
tolic dysfunction, and RV pressure and
volume overload. Invasive hemody-
namic testing demonstrated a right
atrial pressure of 24 mm Hg, PA pres-
sure of 68/28 (mean 41) mm Hg, PCWP
of 28 mm Hg, cardiac index of 2.1
L/min/m2, pulmonary vascular resis-
tance of 300 dynes/s/cm5, and sys-
temic blood pressure of 165/94 mm Hg
at the time of cardiac catheterization.

Upon completion of invasive hemo-
dynamic testing, the patient was hos-
pitalized for her symptoms and under-
went intensive, daily hemodialysis for
fluid removal with initiation of carve-
dilol to control systemic hyperten-
sion. After discharge, the patient un-
derwent hemodialysis 4 times per week
with dramatic improvement in
symptoms.

Although our patient had a history
of risk factors for WHO Groups 1, 2,
and 3 PH, her echocardiographic find-
ings and invasive hemodynamic re-
sults (elevated PCWP and no signifi-
cant gradient between PA diastolic
pressure and PCWP) were most con-
sistent with WHO Group 2 PH. A com-
parison of our patient with 2 other pa-
tients with PH, one with a more typical
presentation of WHO Group 2 PH (pul-
monary venous hypertension) and one
with a typical presentation of WHO
Group 1 PH (PAH), along with echo-
cardiographic images for all 3 pa-
tients, highlights the similarities and dif-
ferences of the various forms of PH
(eTable and Video).

CONCLUSIONS
Although WHO Group 1 PAH is rare, the
syndrome of PH overall is very com-
mon and one that can represent a diag-
nostic and treatment dilemma. Echocar-
diography is important for the
identification of elevated PA pressures
and for evaluating for the presence of left
heart disease, but elevated PASP on ech-
ocardiography should not be viewed in

isolation without taking into consider-
ation the health of the RV. Invasive he-
modynamic testing is helpful for con-
firming the diagnosis and correct
categorization of PH; however, invasive
hemodynamic data should be inter-
preted within the context of all avail-
able clinical data. Lastly, the majority of
PH is due to pulmonary venous hyper-
tension, and while pulmonary arterial
vasculopathy may be present in some of
these patients, routine use of pulmo-
nary vasodilators cannot be recom-
mended at this time. Large randomized

trials are lacking, and systemic hyper-
tension, increased LV filling pressures,
and fluid overload are all much more
likely to cause PA pressure elevation in
the setting of left heart disease.

Although there are still several un-
answered questions about PH (espe-
cially secondary forms), there has been
much progress in understanding the
pathophysiology and treatment of
WHO Group 1 PAH. The consider-
able progress in patients with PAH gives
hope to the discovery of treatments for
other forms of PH.

Box 2. Treatment Recommendations for Pulmonary Hypertension
Based on World Health Organization Categorization

Except for pulmonary vasodilator therapy for World Health Organization (WHO)
Group 1 pulmonary arterial hypertension (which is based on randomized controlled
trial data), all other recommendations are based on expert consensus.1,4,45,46,50

Group 1: Pulmonary Arterial Hypertension
Consider anticoagulation, diuretics, oxygen, and digoxin. A variety of agents can be
used to perform vasodilator challenge during invasive hemodynamic testing. In-
haled nitric oxide, intravenous adenosine, and intravenous epoprostenol are the most
commonly used agents. A positive vasodilator response (which predicts long-term
response to oral calcium-channel blocker therapy) requires the following: (1) de-
crease in mean pulmonary artery (PA) pressure to below 40 mm Hg, 10 mm Hg or
greater decrease in mean PA pressure, and unchanged or increased cardiac output. If
vasodilator reactivity is present, treat with oral calcium-channel blockers and con-
tinue if there is a sustained response. If there is no vasodilator reactivity, classify by
risk. Functional status should be determined by using a combination of history (ie,
WHO functional class) and more objective exercise testing (eg, 6-minute walk test).

Forpatientswithlowerrisk(functionalclassesI-III),consideroralphosphodiesterase-5
(PDE5) inhibitors, oral endothelin-receptor antagonists (ERAs), and inhaled prosta-
cyclins.Forpatientswithhigherrisk(functionalclasses III-IV),use intravenousorsub-
cutaneousprostacyclins.Reevaluatepatients forsymptomaticbenefitandconsidercom-
bination therapy.

Group 2: Pulmonary Venous Hypertension
Treat systemic hypertension, fluid overload, and the cause of pulmonary venous
hypertension. Data on the use of PDE5 inhibitors in Group 2 PH is currently lim-
ited to small randomized controlled trials. Larger trials are necessary. Only con-
sider PDE5 inhibitor therapy if pulmonary artery diastolic pressure minus pul-
monary capillary wedge pressure gradient is greater than 5 mm Hg despite controlling
blood pressure and fluid overload. Avoid ERAs and prostacyclins.

Group 3: Pulmonary Hypertension due to Hypoxemia
Treat the underlying cause of the hypoxemia. Provide supplemental oxygen if indi-
cated.Pulmonaryvasodilatorsmaycause increasedventilation-perfusionmismatching.

Group 4: Chronic Thromboembolic Pulmonary Hypertension
Pulmonary thrombendarterectomy is potentially curative. If the patient is not a
surgical candidate, consider pulmonary vasodilators.

Group 5: Miscellaneous Pulmonary Hypertension
Treatment is based on underlying cause of pulmonary hypertension.
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