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Introduction
Modern treatment with antiretroviral therapy (ART) has improved survival for patients with
human immunodeficiency virus (HIV) infection. Cardiovascular disease and other non-
AIDS conditions are increasingly becoming key health concerns as this patient population
continues to age.1–3 HIV-infected patients are more likely than the general population to
develop cardiovascular disease, probably because of a combination of traditional risk
factors, HIV-related inflammation, and effects of antiretroviral drugs.4 Among the
cardiovascular complications of HIV infection, HIV-associated pulmonary arterial
hypertension (PAH) is especially severe and is associated with significant mortality.5

Pulmonary hypertension (PH) is a disease process associated with an increase in the mean
pulmonary artery pressure (mPAP). PAH defines an increase in the mPAP specifically
related to arteriopathy of the pulmonary vasculature. PAH can be idiopathic, familial, or
secondary to a variety of conditions such as connective tissue disease, congenital systemic-
to-pulmonary shunts, drugs and toxins, liver cirrhosis, or HIV infection.6 PAH leads to a
progressive increase in mPAP and pulmonary vascular resistance (PVR), and a decrease in
cardiac output (CO). Pulmonary artery pressure may normalize or decrease as progressive
right heart failure occurs and CO decreases, ultimately leading to exercise limitation and
death.

HIV could represent a major cause of PAH (HIV-PAH). There are 34 million individuals
worldwide with HIV infection.7 Given that PAH occurs in 0.5% of patients with HIV, there
may be as many as 200,000 patients with HIV infections affected by PAH worldwide.8 If the
natural history of PAH is as ominous in HIV infection as it is in other patient populations,
PAH could become a major health care concern in the future.

Epidemiology
Since the first case was identified in 1987,9 PAH has become a well-recognized
complication of HIV infection. The initial prevalence estimate of 0.5% was derived from a
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large Swiss cohort of 1200 largely untreated HIV-infected individuals who used injection
drugs.10 Prevalence estimates have varied considerably over time.8 The most recent
estimates come from a prospective cohort study of 7648 HIV-infected individuals in France.
Participants were screened for unexplained dyspnea using a questionnaire followed by
echocardiography and pulmonary artery catheterization (PAC), yielding a prevalence of
HIV-PAH of 0.46% (95% confidence interval 0.32–0.64),11 similar to that determined in the
original Swiss cohort.

Prevalence estimates have varied depending on the population being studied, as seen in
several echocardiographic studies that have evaluated the prevalence of elevated pulmonary
artery systolic pressures (PASP) in the setting of HIV infection. Ina study performed at San
Francisco General Hospital, tricuspid regurgitant jet velocity (TRV) and right atrial pressure
were used to estimate PASP in 196 HIV-infected individuals and 52 age-matched uninfected
controls.12 HIV-infected individuals had a higher PASP compared with controls (median
27.5 mm Hg, interquartile range 22–33 mm Hg, compared with 22 mm Hg, interquartile
range 18–25 mm Hg; P<.001). A PASP of greater than 30 or 40 mm Hg was founding
35.2% of HIV patients compared with 6.6% of controls (P<.001), and 7.7% of HIV patients
compared with 1.9% of controls (P = .005), respectively. After adjustment for age, gender,
smoking, stimulant use, and intravenous drug use, HIV-infected individuals had a 5 mm Hg
higher mean PASP and a 7-fold greater odds of having a pulmonary artery systolic pressure
greater than 30 mm Hg (P<.001). A study of 656 HIV-infected individuals demonstrated that
among individuals with a detectable tricuspid regurgitant (TR) jet, 57% had evidence of PH
defined as right ventricular (RV) pressure greater than 30 mm Hg.13 Finally, a study of HIV-
infected individuals in Spain reported that 9.9% of individuals had a TRV greater than 2.8
m/s.14 A retrospective study in patients attending the National Institutes of Health HIV
clinic showed that 9.3% of patients had a TRV of 2.5 m/s or greater (PASP 30 mm Hg) and
0.4% had aTRV of at least 3.0 m/s (PASP 41 mm Hg).5

The cohorts included in these studies varied greatly, and the reason for significant
differences seen in the prevalence could be related to demographics, intravenous drug use,
or mode of transmission. Also notable is the large number of individuals who had
echocardiographic abnormalities, but who did not meet criteria for a diagnosis of PAH. This
finding raises the possibility that many more patients could have early or mild forms of
PAH.5,13

Pathogenesis
Patients with HIV and PAH have plexogenic lesions, similar to patients with other diseases
associated with PAH (Fig. 1), but whether the pathogenesis of disease is similar to PAH in
these HIV-uninfected populations is unknown.15 Possible mechanisms that may be
important in HIV-PAH include effects of HIV viral proteins, immune activation induced by
HIV, or risk factors that are common in the HIV-infected population. Diastolic dysfunction,
which is common in HIV, might also contribute to findings of elevated right-sided heart
pressures.16

HIV has never been shown to directly infect pulmonary vascular endothelial cells,17,18 but
HIV viral antigens are present in pulmonary endothelium and may directly stimulate
abnormal apoptosis, growth, and proliferation.19 Gp120, a viral protein necessary for the
binding and entry of HIV into macrophages, has been shown to target human lung
endothelial cells, increase markers of apoptosis, and stimulate the secretion of endothelin-1,
a protein that is a potent vasoconstrictor.17 The negative factor (nef) antigen, critical for the
maintenance of viral loads and for host-cell signaling interactions, has been localized to
multiple pulmonary and vascular cells types.20 Primates infected with a simian
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immunodeficiency virus (SIV) expressing HIV nef protein develop lesions resembling
plexiform lesions, and colocalization of HIV-1 nef has been demonstrated in pulmonary
artery endothelial cells of HIV-infected individuals with PAH, but not in uninfected
individuals or in individuals with idiopathic PAH.20,21 Specific nef signature sequences
have been associated with PAH in 2 different HIV cohorts.22 Bone morphogenic protein
receptor 2 (BMPR-2) mutations are associated with familial PAH and result in decreased
signaling through BMPR-2.23 The HIV-1 tat (transcriptional transactivator) protein
represses BMPR-2 gene expression in human macrophages in vitro, interfering with BMP–
BMPR-2 transcriptional regulation.23 Exogenous tat protein has also been shown to activate
endothelial cells, resulting in the release of growth factors,23 supporting the hypothesis that
HIV viral proteins could induce aberrant endothelial function, leading to PAH.

There are other mechanisms by which HIV could cause PAH. HIV infection induces a
chronic inflammatory state characterized by persistent immune activation and
dysregulation,24 which could indirectly induce the release of proinflammatory cytokines and
growth factors that could produce PAH.25 Even in the setting of effectively treated HIV
infection, chronic inflammation persists and is independently associated with increased
cardiovascular risk.26 Sputum inflammatory markers and activated CD8+ T cells are
associated with elevated TRV and elevated PASP,27 demonstrating that HIV-associated
inflammation may play a role in HIV-PAH. Increased expression of platelet-derived growth
factor, a potent stimulus of smooth muscle cell and fibroblast growth and migration, has also
been noted in lung tissue from patients with HIV-PAH.18 Similarly, vascular endothelial
growth factor A induces vascular permeability and endothelial cell proliferation, and is
produced by T cells infected by HIV in vivo.28

Coinfections associated with HIV have also been postulated to play a role. Human
herpesvirus (HHV)-8 has been reported to be associated with PAH histologically.29 HHV-8
is associated with Kaposi sarcoma,30 and homosexual HIV-infected individuals have a high
prevalence of HHV-8 infection ranging from 30% to 60%.31 However, HHV-8 infection has
not been consistently associated with HIV and PAH in several studies.12,32,33

Other risk behaviors associated with HIV infection might also play a role in HIV-PAH.
Stimulant drug use is common in HIV-infected populations, and HIV-infected individuals
who use stimulant drugs are more likely to develop HIV-PAH.12 Injection drug use may act
as a “second hit” in HIV and contribute to development of HIV-PAH.34 This hypothesis is
supported by a recent study of rhesus macaques infected with SIV and treated with
intramuscular morphine for 31 weeks. Animals developed significant pulmonary vascular
remodeling including plexiform lesions, whereas animals either infected with SIV alone or
treated with morphine alone did not.35

Survival
Survival reported for patients with HIV-PAH has consistently been worse than for either
HIV infection or idiopathic PAH.36,37 In patients with HIV-PAH, mortality is most often
secondary to PAH leading to right heart failure. Survival estimates for HIV-PAH come from
a few large cohort studies and have varied over time, probably in part because of the
availability of therapies for HIV and PAH.

The first series to evaluate survival was a prospective cohort study of 19 HIV-PAH patients
in a comparison with 19 HIV-infected controls performed before the wide availability of
ART or PAH-specific therapy.36 Survival in HIV-PAH was 58%, 32%, and 21% at 1, 2, and
3 years, markedly worse than controls (Fig. 2). A lower CD4+ T-lymphocyte count and the
diagnosis of PAH were associated with worse survival.
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The most recent data on survival of patients with HIV-PAH come from the French cohort.
This series includes 77 patients with HIV-PAH evaluated between 2000 and 2008 and
managed with modern therapy for HIV and PAH.38 In univariate analysis, a history of right-
sided heart failure, baseline New York Heart Association Functional Class (NYHA FC) IV,
cardiac index less than 2.8 L/min/m2, detectable HIV viral load, and CD4 count less than
200 cells/μL were associated with poor survival. In multivariate analysis, a low cardiac
index and a low CD4 count remained associated with worse survival. Overall survival was
88%, 72%, and 63% at 1, 3, and 5 years, significantly better than prior series. In patients
who received PAH-specific therapy, survival was 66% compared with 72% in those who did
not.

Clinical Presentation and Diagnosis
Presenting complaints of HIV-PAH are the same as those for patients with idiopathic PAH.
Symptoms are often nonspecific and insidious, so they are attributed to other complications
of HIV or HIV itself. The time from presentation to the diagnosis is often long, from 6
months to 2 years. In a series of patients diagnosed with HIV-PAH before the year 2000, the
most common presenting symptom was progressive shortness of breath (85%) followed by
pedal edema (30%), nonproductive cough (19%), fatigue (13%), presyncope or syncope
(12%), and chest pain (7%).15

Physical examination may be unremarkable, but often demonstrates typical findings of right-
sided heart failure and volume overload. Auscultation may reveal a right-sided heave or S3,
jugular veins may be distended, and there may be peripheral edema. The lung examination is
frequently normal in patients with PAH, and abnormal lung findings may suggest an
alternative diagnosis. The electrocardiogram may show signs of RV hypertrophy with right
axis deviation and right atrial enlargement. A chest radiograph may reveal right heart
enlargement and enlargement of the pulmonary arteries without lung findings.15 For most
patients with HIV who have symptoms suggestive of PAH on initial evaluation, the next
diagnostic test will usually be an echocardiogram, but routine screening with
echocardiography for PAH in HIV-infected patients without a clinical suspicion of PAH
may not be a useful or cost-effective approach.39

Echocardiography may not be sufficient to rule out PAH in individuals with a compatible
clinical picture. Spectral Doppler is used to determine the peak velocity of the TR jet, which
can be entered into modified Bernoulli equation to estimate the PASP (Fig. 3). This estimate
may be unreliable if the peak TRV cannot be determined because there is minimal tricuspid
regurgitation, an eccentric jet, or a very large jet. This lack of reliability may be particularly
problematic in HIV-infected patients, and a low PASP on echo is not adequate enough to
excluded the diagnosis of PAH (Fig. 4). In a study of Doppler echocardiography, estimates
of PASP were inaccurate in 19.7% of cases, and 1 in 3 patients with HIV-PAH was
missed.40

Other echo findings such as RV enlargement, hypertrophy and systolic dysfunction, right
atrial enlargement, characteristic pulmonic valve motion, and spectral Doppler
characteristics should be considered when evaluating patients for possible PAH.41 Left
ventricular systolic function and clinically relevant valvular disease should be excluded by
echocardiography.

The gold standard for hemodynamic evaluation remains invasive assessment with PAC42; if
echocardiography supports a possible diagnosis of PAH, PAC is mandatory before initiation
of any PAH-specific therapy. To minimize complications and optimize data collection, PAC
should be performed by a clinician with expertise in hemodynamic assessment and
diagnostic evaluation of patients with PH. Maneuvers to exclude occult left-sided diastolic
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dysfunction, such as fluid challenge or exercise, may be performed in patients with risk
factors (left atrial enlargement, left ventricular hypertrophy, diabetes, or hypertension).
Acute vasodilator challenge may be performed during right heart catheterization; however,
few patients with HIV-PAH who have a positive acute vasodilator response will have long-
term responses to calcium-channel blockers.43

Before considering treatment for PAH, other causes of PH such as lung disease, valvular or
left heart disease, chronic thromboembolic disease, and sleep apnea should be excluded as
per guideline recommendations.44 Other diseases associated with PAH such as connective
tissues disease, hemolytic disorders, portal hypertension, and congenital heart disease should
be excluded because the approach to management and prognosis may be affected.

Treatment
Antiretroviral Treatment

The effects of ART in HIV-PAH are controversial. Two retrospective studies have shown a
reduced incidence of HIV-PAH since ART became available, suggesting that HIV-targeted
treatment is beneficial.8,45 A small French cohort reported that combination ART alone
improved exercise tolerance as assessed by 6-minute walk (6MW) distance, but no change
in hemodynamics was observed.38 In animal models, protease inhibitors have been shown to
reverse hypoxia-induced PH.46 Data from the Swiss Cohort study showed that individuals
with HIV-PAH diagnosed after 1995 had slightly improved survival compared with those
diagnosed before this time, and a reciprocal relationship was noted between CD4 cell count
and PAH incidence.38 There have been no large prospective studies of the effects of ART on
HIV-PAH.

Current guidelines recommend that all HIV-infected patients be treated with antiretroviral
agents regardless of CD4 T-cell count and viral load,47,48 so most patients diagnosed with
HIV-PAH will already be on HIV therapy. In the authors' practice, antiretroviral therapy is
started promptly in any individual newly diagnosed with HIV-PAH who was not previously
on treatment. The choice of the initial antiretroviral regimen should be based on current
guidelines; however, practitioners should take into consideration the likely need for PAH-
specific therapies and relevant drug interactions.

Conventional Therapies
Initial treatment of patients with HIV-PAH will be determined by the severity of symptoms
and hemodynamic compromise.44 Few studies have specifically addressed the treatment of
HIV-PAH, so approach to treatment is based on studies performed in patients with
idiopathic or associated PAH. Many patients will be diagnosed in the outpatient setting;
however, presentation with acute on chronic decompensated right heart failure associated
with severe hypoperfusion or hypotension is not uncommon. Patients who present with
decompensated right heart failure should be triaged to an intensive care unit and managed
with a PAC to titrate vasopressors and inotropic agents, to restore perfusion accordingly.
Hypoxemia can worsen pulmonary vasoconstriction and should be corrected with
supplemental oxygen. Diuretic therapy should be instituted in patients with volume
overload, and adjusted to achieve normal right-sided filling pressures. Despite few
supportive data, digoxin may be considered in patients with acute right heart failure and for
chronic management to reduce symptoms of heart failure. Because of the risk of
hemodynamic decompensation with dihydropyridine calcium-channel blockers and β-
blockers, digoxin is also used as a first-line agent in patients with atrial arrhythmias and
HIV-PAH.
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Long-term oxygen therapy should be continued to treat hypoxemia. In observational studies,
survival is improved in PAH patients treated with warfarin, and current guidelines
recommend titration to an international normalized ratio of 1.5 to 2.5.44 Chronic digoxin
therapy may be a useful adjunct to PAH-specific therapy.

Calcium-Channel Blockers
In several published reports, favorable long-term response to calcium-channel blockers has
been limited to a minority of patients with idiopathic PAH.49 A favorable response to acute
vasodilator challenge or oral calcium-channel blockers has been reported in only a few
patients with HIV-PAH.36,38,43 As in all PAH patients, oral calcium-channel blockers
should only be considered in those patients with a favorable response to acute vasodilator
challenge, with careful long-term monitoring for signs of worsening PAH.

PAH-Specific Therapy
Retrospective cohort studies suggest that survival of patients treated with PAH-specific
therapy in addition to ART is improved.38 Because there are few well-designed trials for
HIV-PAH, choice and timing of therapy are based on data from other trials of PAH.50,51

Treatment of HIV-PAH is particularly challenging, owing to the potential for significant
drug interactions and adverse effects. Safe initiation of PAH-specific therapy in a patient on
ART requires planning and good communication with HIV specialists and pharmacists, as
well as frequent patient follow-up to monitor for adverse effects and drug interactions.

Phosphodiesterase Inhibitors
Sildenafil and tadalafil function by inhibiting the metabolism of cyclic guanosine
monophosphate, the second messenger that mediates the effects of nitric oxide, causing
selective pulmonary vasodilation.52 Sildenafil treatment in PAH improves exercise
tolerance, and tadalafil improves exercise tolerance and reduces time to clinical
worsening.53 Data on the use of these agents in HIV-PAH is largely extrapolated from trials
in PAH, but results from small series and case reports of HIV-PAH have been
encouraging.54,55 Ritonavir and other protease inhibitors are inhibitors of cytochrome P450
CYP3A4 and CYP 2C9, which are important in the metabolism of sildenafil and tadalafil.
Marked increases in sildenafil levels have been observed during coadministration with
indinavir,56 saquinavir, and ritonavir,57 and some guidelines consider this combination to be
contraindicated. The clinical relevance of this interaction is unclear because increased
sildenafil levels have not been associated with hypotension or adverse effects in
pharmacokinetic studies,57 and successful coadministration of ritonavir and sildenafil in
HIV-PAH patients has been reported.58 Tadalafil levels are less affected by ritonavir, and
guidelines suggest only close monitoring if tadalafil therapy is initiated.

Endothelin Receptor Antagonists
Blockade of the endothelin receptor with bosentan (nonselective) or ambrisentan (selective)
improves hemodynamics, exercise tolerance and prevents clinical worsening in patients with
PAH. Bosentan was studied prospectively in 16 HIV-PAH patients in the prospective
BREATHE-4 trial. After 16 weeks, NYHA FC improved by at least 1 class in 14 patients,
cardiac index improved by 39%, mPAP decreased by 21%, and 6MW distance improved by
91 ± 60 m.59 Another study examined longterm effects of bosentan in 59 patients after a
median of 29 months of therapy, and showed short-term improvements in symptoms,
exercise tolerance, and hemodynamic parameters.60 In both studies, bosentan was well
tolerated.
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Ambrisentan has not been specifically studied in patients with HIV-PAH, but appears to
have efficacy similar to that of bosentan.61 Ambrisentan treatment is associated with a lower
frequency of liver function test abnormalities. Monthly liver function testing is not
mandatory, and pharmacokinetic studies suggest that there is no significant drug interaction
with the protease inhibitor, ritonavir.62–64

Prostacyclin Analogues
Although no long-term trials in HIV-PAH patients have been performed, improvements in
hemodynamics and exercise tolerance have been observed in small series of patients treated
with catheter-based and inhaled prostanoid treatment. In one report, 6 patients with HIV-
PAH were treated with intravenous epoprostenol for 12 to 47 months with improvements in
NYHA FC. Acute improvements in mPAP, cardiac index, and PVR persisted at the time of
repeat right heart catheterization.43 Another observational study reported on 3 patients with
severe HIV-PAH treated with 1 year of subcutaneous treprostinil. All patients had
improvement in NYHA FC, increased 6MW distance by at least 75 m (baseline 313–500 m),
and had improvement in hemodynamics determined by echocardiography.65 Intravenous or
subcutaneous treatment requires placement of an indwelling catheter, which may not be
desirable in HIV-infected patients at risk for catheter-related infection and injection drug
use.

Published experience in HIV-PAH with inhaled prostanoids is limited, but offers a desirable
alternative delivery method. The effects of inhaled iloprost were reported in a study of 8
patients with severe HIV-PAH.66 Hemodynamic effects following initial iloprost treatment
improved, with a 31% reduction in PVR and a 21% increase in cardiac index. Treprostinil is
another inhaled prostanoid with the advantage of reduced dosing frequency. HIV-PAH
patients were included in the TRIUMPH study of treprostinil, which demonstrated improved
exercise tolerance when treprostinil was added to baseline oral therapy.67 The number of
HIV-PAH patients, however, was too small for meaningful analysis.

Treat-to-Target Approach and Monitoring Effects of PAH-HIV Treatment
In the authors' practice, before initiation of PAH-specific therapy all patients undergo a
thorough diagnostic evaluation, including right heart catheterization, to ensure that they
meet criteria for a diagnosis of PAH and that other possible causes of PH or PAH are
excluded. All patients undergo a baseline 6MW distance test to assess exercise tolerance,
and this test is repeated at each subsequent clinic visit.50,68 Conventional therapy with
diuretics and oxygen are initiated, as well as warfarin if patients can comply with necessary
monitoring. Treatment with either a phosphodiesterase inhibitor or an endothelin receptor
antagonist is generally the first line. The choice of initial therapy is often dictated by
concomitant ART therapy and the willingness and ability of the patient to follow up with
necessary monthly monitoring for liver function test abnormalities, contraception, and
pregnancy testing. Patients are closely followed in cooperation with the HIV clinic, and the
initial therapy is titrated based on the patients' objective exercise tolerance and 6MW
distance. The authors frequently initiate inhaled prostanoid, usually treprostinil, in patients
who remain symptomatic despite maximal oral therapy or as a first-line agent in patients
with severe symptoms at the time of presentation. Catheter-based therapies are avoided in
this population, given the challenges of managing the therapy, risk of infection, and risk of
the catheter being used for illicit drug administration (which is common in the authors'
patient population). Despite the paucity of trials of combination therapy, a treat-to-target
approach for patients with PAH has been advocated, with additional oral and inhaled
therapies until patients' subjective and objective exercise tolerance improves to an
acceptable level.
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Summary
The development of PAH in HIV-infected individuals is associated with high morbidity and
mortality, and HIV-PAH may be an increasing problem as HIV-infected individuals survive
longer. The pathogenesis of HIV-PAH is not completely understood, but HIV proteins,
chronic immune activation, coinfections, or synergistic effects of other risk factors may be
important. Physicians treating HIV-infected patients should monitor for symptoms of
unexplained or new dyspnea, and patients should undergo an echocardiogram to estimate
pulmonary artery pressures and to look for other signs of right heart dysfunction. A
complete assessment including PAC is mandatory in confirming the diagnosis of HIV-PAH.
PAH-specific therapy should be initiated by a physician with experience in managing PAH,
in close collaboration with HIV specialists and pharmacists. An improved understanding of
the pathogenesis of HIV-PAH is needed to inform the optimal approach to treatment.
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Key Points

• As patients with human immunodeficiency virus (HIV) infection worldwide
survive longer, the prevalence of HIV-associated pulmonary arterial
hypertension (HIV-PAH) is likely to increase.

• The development of PAH in HIV-infected individuals is associated with worse
functional capacity and survival.

• The underlying mechanism leading to HIV-PAH remains unclear and is an area
of active investigation.

• The optimal approach to therapy for individuals with HIV-PAH is uncertain, but
should include aggressive management of HIV infection and careful use of
PAH-specific therapies given possible significant drug interactions.

Barnett and Hsue Page 12

Clin Chest Med. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1.
Elastic stain of lung reveals a predominantly unremarkable pulmonary artery (PA) with only
a focal area of intimal sclerosis; immediately adjacent, there is a small muscular pulmonary
artery (thick arrow) with severe intimal thickening and elastic tissue destruction that leads
into an irregular mass of proliferating and focally dilated vascular channels (outlined by thin
arrows), consistent with a plexiform lesion (Elastica van Gieson stain; original
magnification 150×). (From Kim KK, Factor SM. Membranoproliferative
glomerulonephritis and plexogenic pulmonary arteriopathy in a homosexual man with
acquired immunodeficiency syndrome. Human Pathol 1987;18: 1295; with permission.)
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Fig. 2.
Kaplan-Meier plot demonstrating the probability of survival in patients with HIV infection
and PAH compared with matched HIV-infected controls without PAH before the modern
era of antiretroviral and PAH-specific therapy. (Reprinted with permission of the American
Thoracic Society. Copyright (c) 2013 American Thoracic Society. From Opravil M, Pechere
M, Speich R, et al. HIV-associated primary pulmonary hypertension. A case control study.
Swiss HIV Cohort Study. Am J Respir Crit Care Med 1997;155:992. Official journal of the
American Thoracic Society.)
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Fig. 3.
(A) Plane of scanning sector. (B) Color Doppler demonstrating tricuspid regurgitation
(blue). (C) Spectral Doppler measurement of tricuspid regurgitant jet velocity for the
estimation of pulmonary artery systolic pressure, demonstrating a peak tricuspid regurgitant
jet velocity of approximately 3.7 m/s. Sampling of the peak tricuspid regurgitant jet velocity
is used to estimate the RV to right atrial systolic pressure gradient (55.6 mm Hg in the
figure) with the use of the modified Bernoulli equation (4 × [tricuspid regurgitant jet
velocity]2). Pulmonary artery systolic pressure is quantified by adding the Bernoulli-derived
pressure gradient to an estimate of mean right atrial pressure. (See video at http://jama.com/
cgi/content/full/299/3/324/DC1.) (From Barnett CF, Hsue PY, Machado RF. Pulmonary
hypertension. JAMA 2008;299:326; with permission.)
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Fig. 4.
Bland-Altman analysis demonstrating lack of agreement between the pulmonary artery
systolic pressure estimated by Doppler echocardiogram and pulmonary artery systolic
pressure (PASP) measured by right heart catheterization. (From Selby VN, Scherzer R,
Barnett CF, et al. Doppler echocardiography does not accurately estimate pulmonary artery
systolic pressure in HIV-infected patients. AIDS 2012;26:1968; with permission.)
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