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To the Editor
Noninvasive echocardiographic markers of pulmonary artery pressure have been associated
with early mortality in some studies in adults with sickle cell disease (SCD),1,2 but
considerable controversy remains regarding the prevalence of pulmonary hypertension and
its contribution to mortality.3 We assessed survival in a cohort of patients with SCD with
pulmonary hypertension documented by right heart catheterization (RHC).
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Methods
Patients provided written informed consent to protocols approved by the institutional review
board at the National Institutes of Health. All adults with stable SCD seen consecutively in
the outpatient clinic at the National Institutes of Health were screened with no exclusion
criterion applied. Those who underwent RHC between March 13, 2002, and June 8, 2010,
with elevated tricuspid regurgitant velocity (TRV) on echocardiography (≥2.8 m/s) and
clinical suspicion of pulmonary hypertension (6-minute walk distance <500 m, unexplained
dyspnea or desaturation, or both) were included. Pulmonary hypertension was defined as
mean pulmonary artery pressure of 25 mm Hg or greater. Life status was ascertained from
clinical records, the Social Security Death Index, state death certificates, and contact with
the patient or family as of June 8, 2010. All causes of death were considered for survival
analysis. Survival rates (estimated by the Kaplan-Meier method) were compared between
(1) those with pulmonary hypertension documented by RHC, (2) those without pulmonary
hypertension documented by RHC, and (3) those who did not undergo RHC. Hazard ratios
(HRs) were calculated based on Cox proportional hazards regression. Statistical tests were
2-sided and performed using the statistical language R version 2.13.1. P < .05 was
considered statistically significant.

Results
Of 531 patients screened by echocardiography, 84 (15.8%) underwent RHC. Right heart
catheterization was performed in 81 of 243 patients with a TRV of 2.5 m/s or greater, 67 of
128 with a TRV of 2.8 m/s or greater, 58 of 88 with a TRV of 3 m/s or greater, and 56 of 63
with both a TRV of 2.8 m/s or greater and a 6-minute walk distance of less than 500 m.
Fifty-five patients had pulmonary hypertension (65.5% of those who underwent RHC and
10.4% of the total population) and 29 did not. Patients with pulmonary hypertension were
older than those who did not undergo RHC and had lower levels of hematocrit and higher
serum levels of lactate dehydrogenase, aspartate aminotransferase, direct bilirubin, and
ferritin (Table). Patients with pulmonary hypertension demonstrated significantly abnormal
cardiopulmonary markers and exercise capacity.

The median follow-up time since enrollment was 4.4 years, with a maximum of 9.6 years. A
total of 73 deaths were observed. The overall mortality was worse in the pulmonary
hypertension group (20 deaths, 6-year mortality of 37% [95% CI, 20%–50%]) than in either
the group without pulmonary hypertension (3 deaths, 6-year mortality of 13% [95% CI, 0%–
26%]; age-adjusted HR, 3.43 [95% CI, 1.02–11.55]; P = .047) or the group without RHC (50
deaths, 6-year mortality of 17% [95% CI, 12%–21%]; age-adjusted HR, 2.14 [95% CI,
1.25–3.67]; P = .006) (Figure, part A). Estimated median survival time was 6.8 years after
ascertainment of pulmonary hypertension. Patients with SCD and pulmonary hypertension
also died at a younger age than the group without RHC (Figure, part B).

Comment
This is, to our knowledge, the largest cohort of adults with SCD and pulmonary
hypertension detected using RHC consensus diagnostic criteria, and for the first time, an
association has been shown between mortality and mean pulmonary artery pressure
documented by RHC. This finding suggests a role for pulmonary hypertension in SCD
mortality, previously suspected from noninvasive echocardiographic screening studies.1,2

Our pulmonary hypertension prevalence is similar to 1 recent study4 but higher than
another,5 which may relate to differences in study exclusion criteria and population
characteristics. This was a retrospective, observational study with inherent limitations.
Approximately 1.3% of patients screened had indications for catheterization but did not
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undergo RHC, projecting to an estimate of 5 missed cases of pulmonary hypertension in the
group without RHC. Our results therefore represent a conservative estimate of the
prevalence and mortality of pulmonary hypertension in SCD.

Pulmonary hypertension mortality in SCD is high, and effective treatment approaches
targeting this population are needed.
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Figure. Kaplan-Meier Estimates of Survival for Patients With Sickle Cell Disease by Pulmonary
Hypertension Status
A, The age-adjusted hazard ratio (AHR) was 3.43 (95% CI, 1.02–11.55; P = .047) for the
comparison between patients with pulmonary hypertension documented by right heart
catheterization (RHC) and those who did not have pulmonary hypertension documented by
RHC; 2.14 (95% CI, 1.25–3.67; P = .006) for patients with pulmonary hypertension vs those
who did not undergo RHC (uncatheterized); and 0.62 (95% CI, 0.19–2.03; P = .43) for
patients without pulmonary hypertension vs those who did not undergo RHC
(uncatheterized). B, The HR was 3.35 (95% CI, 1.01–11.31; P = .04) for the comparison
between patients with pulmonary hypertension documented by RHC and those who did not
have pulmonary hypertension documented by RHC; 1.73 (95% CI, 1.02–2.93; P = .04) for
patients with pulmonary hypertension vs those who did not undergo RHC (uncatheterized);
and 0.49 (95% CI, 0.15–1.59; P = .23) for patients without pulmonary hypertension vs those
who did not undergo RHC (uncatheterized).
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