
UCSF
UC San Francisco Previously Published Works

Title

Doppler echocardiography does not accurately estimate pulmonary artery systolic pressure in 
HIV-infected patients

Permalink

https://escholarship.org/uc/item/3dq4513h

Journal

AIDS, 26(15)

ISSN

0269-9370

Authors

Van N. Selby
Scherzer, Rebecca
Barnett, Christopher F
et al.

Publication Date

2012-09-24

DOI

10.1097/qad.0b013e3283579653
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3dq4513h
https://escholarship.org/uc/item/3dq4513h#author
https://escholarship.org
http://www.cdlib.org/


Doppler Echocardiography Does Not Accurately Estimate
Pulmonary Artery Systolic Pressure in HIV-Infected Patients

Van N. SELBY, MD, Rebecca SCHERZER, PhD, Christopher F BARNETT, MD, MPH, John S.
MACGREGOR, MD, Juliana MORELLI, RN, Catherine DONOVAN, RDMS, Steven G. DEEKS,
MD, Jeffrey N. MARTIN, MD MPH, and Priscilla Y. HSUE, MD
Divisions of Cardiology (V.N.S, C.F.B, J.S.M., A.S., J.M., C.D., P.Y.H.), Department of Medicine,
and the Positive Health Program of the Department of Medicine, San Francisco General Hospital
(S.G.D., J.N.M.), and the Department of Epidemiology and Biostatistics (J.N.M.), all at the
University of California, San Francisco, and Division of Endocrinology and Metabolism, San
Francisco VA Medical Center (R.S.)
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Pulmonary arterial hypertension (PAH) is a recognized complication of HIV infection (HIV-
related pulmonary arterial hypertension, HRPAH) that is associated with increased
mortality[1, 2]. Although right heart catheterization (RHC) is required to definitively
diagnose HRPAH, a pulmonary artery systolic pressure (PASP) <35 mmHg estimated by
Doppler echocardiography (DE) is a commonly used cutoff to exclude PAH[3]. DE
estimates of PASP were recently shown to be inaccurate in a general PAH population,
however it is not known if these findings apply to HIV-infected patients[4, 5]. We evaluated
the relationship between DE PASP and RHC PASP in a HIV-infected cohort.

We invited HIV-infected individuals enrolled in the SCOPE (Study of the Consequences of
the Protease Inhibitor Era) cohort at San Francisco General Hospital to undergo DE. All
participants provided written informed consent, and the study was approved by the UCSF
Committee on Human Research. DE was performed by a trained sonographer using a GE
Vivid 7 system (GE, Milwaukee). Peak tricuspid regurgitant jet velocity was used to
calculate the pressure gradient between the right ventricle and right atrium using the
modified Bernoulli equation which was added to RA pressure estimated from respiratory
variation of the inferior vena cava size to obtain PASP. Because DE-estimated PASP >30
has been associated with increased mortality in patients with sickle cell disease[1], subjects
with a DE-estimated PASP > 30 mmHg were offered RHC. RHC was performed using a
balloon-tipped, flow-directed pulmonary artery catheter and hemodynamic values were
obtained using standard methods.

Analyses were performed using the SAS system, version 9.2 (SAS Institute, Inc., Cary, NC).
The relationship of DE-estimated PASP with RHC-measured PASP was examined using
Spearman correlation coefficients. The Bland-Altman method was then used to assess the
agreement between DE-estimated and RHC-measured PASP. DE-estimated PASP within
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±10 mmHg of the value measured on RHC was considered accurate, consistent with the
cutoffs used in other recent publications[4].

Of 422subjects, 129 were found to have PASP > 30 mmHg on DE, 76 of whom consented to
undergo RHC. Subjects who underwent RHC were 80% male, had a median age of 52 years
(IQR 48 to 56), median duration of HIV infection of 17 years, and 76% were taking
antiretroviral therapy. Average PASP estimated on DE was 35.1±11.5 mmHg and the
average PASP measured on RHC was 33.9 ± 12.0 mmHg. DE PASP was positively
correlated with the RHC PASP (r=0.49, p<0.0001). Bland-Altman analysis was used to
assess the agreement between DE and RHC PASP (Figure 1). The average bias for DE
PASP was 1.75 mmHg indicating that DE estimates were on average 1.75 mmHg higher
than the RHC measurements; however, the 95% limits of agreement were wide, from −12.0
to 15.5 mmHg. RHC PASP was positively correlated with the difference between the two
modalities (DE PASP-RHC PASP) suggesting that the bias increased at higher pressures
(r=0.32, p=0.0048). Overall, DE estimates of PASP were inaccurate (>±10 mmHg different
from RHC) in 15 of 76 individuals (19.7%). Fourteen patients received a final diagnosis
with PAH. Using the frequently employed threshold of a DE-estimated PASP of ≥ 35
mmHg as abnormal, 5 of the 14, or over 1/3, would have been missed by DE (table 1).

The prevalence of PAH in HIV-infected individuals is 1,000 times higher than in the general
population[1, 2] and is expected to increase[6]. Symptoms of HRPAH are non-specific so
that appropriate testing is often delayed, and diagnosis with advanced, severe disease is
common. Sensitive methods are needed to identify patients who require RHC for definitive
diagnosis so that treatment may be initiated promptly[7]. In our cohort DE PASP was, on
average, higher than RHC PASP, however limits of agreement were wide. At higher values
of PASP, DE was the least accurate and tended to underestimate the RHC-measured PASP
so that PASP <35 on DE did not exclude HRPAH.

Our findings are consistent with other recent reports[4, 5]. In a study comparing DE and
RHC PASP in 65 PAH patients, the bias for the DE estimates was −0.6 (95% CI +38.8 to
−40.0) for RHC and DE was inaccurate in 48% of cases. Although the frequency of under
and overestimation of PASP by DE was equal, the magnitude of underestimation was
greater[5]. In another study of 142 patients, despite moderate correlation (r=0.68, P< 0.001),
DE PASP was inaccurate in 50.6% of patients with a bias of 2.2 mmHg (95% CI −34.3 to
38.6 mmHg) for DE PASP. Our findings extend upon these other studies, by showing that
among individuals with HIV infection DE-estimated PASP is not accurate and relying on
DE PASP to exclude a diagnosis of HRPAH could result in missing 1/3 of patients with
HRPAH.

Our study is limited because not all subjects consented to undergo RHC and RHC was only
performed on subjects with a DE-estimated PASP > 30 mmHg, so the accuracy of DE
estimates below this value is uncertain. Additionally, the average PASP in our study was
low, 33.9 mmHg, compared to a mean PASP of 68.5 and 57 mmHg in other studies, which
could affect our assessment of DE PASP accuracy at higher PASP values. Although we did
not perform DE and RHC simultaneously they were performed within one hour of each
other and prior reports have confirmed that simultaneous DE and RHC do not improve DE
estimation of PASP[4]. We did not account for echocardiographic findings such as right
heart size, thickness and function which could modify clinical suspicion for PAH.

Although other DE findings can raise or reinforce suspicion for PAH, major society
guidelines consistently emphasize the importance of non-invasive DE estimate of PASP in
cases of suspected PAH[3, 8]. In this study, we show for the first time in HIV- infected
patients at risk for HRPAH that DE estimates of PASP are not accurate and using a DE
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PASP cutoff of >35 mmHg may miss patients with HRPAH . Because HRPAH is associated
with high mortality and early and treatment could improve outcome, timely and accurate
diagnosis is critical. RHC should be considered in HIV- infected patients with symptoms
concerning for HRPAH, even if DE-estimated PASP is not >35 mmHg.

Acknowledgments
Funding Sources: The work was supported in part by grants from the NIH (R01HL091526, R01 AI052745, R01
CA119903, P30 AI27763 and MO1 RR000083), and Actelion.

References
1. Barnett CF, Hsue PY, Machado RF. Pulmonary Hypertension. JAMA: The Journal of the American

Medical Association. 2008; 299:324–331. [PubMed: 18212317]

2. Sitbon O, Lascoux-Combe C, Delfraissy J-F, Yeni PG, Raffi F, De Zuttere D, et al. Prevalence of
HIV-related Pulmonary Arterial Hypertension in the Current Antiretroviral Therapy Era. American
Journal of Respiratory and Critical Care Medicine. 2008; 177:108–113. [PubMed: 17932378]

3. Badesch DB, Champion HC, Sanchez MA, Hoeper MM, Loyd JE, Manes A, et al. Diagnosis and
assessment of pulmonary arterial hypertension. J Am Coll Cardiol. 2009; 54:S55–66. [PubMed:
19555859]

4. Rich JD, Shah SJ, Swamy RS, Kamp A, Rich S. Inaccuracy of Doppler Echocardiographic
Estimates of Pulmonary Artery Pressures in Patients With Pulmonary Hypertension. Chest. 2011;
139:988–993. [PubMed: 20864617]

5. Fisher MR, Forfia PR, Chamera E, Housten-Harris T, Champion HC, Girgis RE, et al. Accuracy of
Doppler Echocardiography in the Hemodynamic Assessment of Pulmonary Hypertension.
American Journal of Respiratory and Critical Care Medicine. 2009; 179:615–621. [PubMed:
19164700]

6. Almodovar S, Cicalini S, Petrosillo N, Flores SC. Pulmonary Hypertension Associated With HIV
Infection. Chest. 2010; 137:6S–12S. [PubMed: 20522575]

7. Galiè N, Rubin LJ, Hoeper MM, Jansa P, Al-Hiti H, Meyer GMB, et al. Treatment of patients with
mildly symptomatic pulmonary arterial hypertension with bosentan (EARLY study): a double-blind,
randomised controlled trial. The Lancet. 2008; 371:2093–2100.

8. Galiè N, Hoeper MM, Humbert M, Torbicki A, Vachiery J-L, Barbera JA, et al. Guidelines for the
diagnosis and treatment of pulmonary hypertension. European Heart Journal. 2009; 30:2493–2537.
[PubMed: 19713419]

SELBY et al. Page 3

AIDS. Author manuscript; available in PMC 2014 January 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Bland-Altman analysis demonstrating lack of agreement between the Doppler
echocardiogram estimated pulmonary artery systolic pressure (PASP) and right heart
catheterization measured PASP.
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Table 1

Comparison of Doppler echocardiography (DE) estimated pulmonary artery systolic pressure (PASP) and
right heart catheterization measured PASP in patients with a final diagnosis of pulmonary arterial hypertension
(PAH) (mean pulmonary artery pressure ≥25 mmHg on right heart catheterization (RHC)). Diagnosis of PAH
would have been missed in patients 1-5 using a commonly DE estimated PASP cutoff of <35 mmHg to
exclude the diagnosis. All 15 patients had a final diagnosis of PAH with a mean pulmonary artery pressure
≥25 mmHg

Patient DE PASP (mmHg) RHC PASP (mmHg)

1 23 35

2 25 38

3 26 34

4 29 31

5 32 34

6 42 38

7 42 55

8 45 40

9 49 49

10 54 55

11 59 95

12 61 46

13 80 65

14 89 80
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