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Ten-Year Longitudinal Study Clarifies Impact of Hemolysis and
Pulmonary Hypertension on Patients with Sickle Cell Anemia

The survival of people living with sickle cell disease (SCD) continues
to improve, and observational studies suggest that the median age of
death has increased from 50 years in 2008 to 60 years in 2022 (1).
However, individuals with SCD still face a 25-year difference in life
expectancy compared with the general U.S. population. This in part
relates to the development of progressive end-organ injury and
failure, with pulmonary hypertension (PH) and chronic kidney
disease (CKD) emerging as major complications associated with high
morbidity and mortality (2, 3). Screening Doppler echocardiographic
measurement of the tricuspid regurgitant jet velocity (TRV) can be
used to estimate pulmonary artery systolic pressure and identifies
patients both at high risk of having PHmeasured by right heart
catheterization and at high risk of death (4–6). In addition, high
TRV values and pulmonary pressures measured by right heart
catheterization are associated with a phenotype marked by more
severe steady-state hemolytic anemia, higher creatinine values, more
systolic systemic hypertension, and a higher prevalence of cutaneous
leg ulceration, suggesting the existence of a sub-phenotype of clinical
complications associated with high steady-state hemolytic
anemia (7, 8). We have hypothesized that chronic intravascular
hemolysis over decades promotes a pulmonary and systemic
vasculopathy caused by plasma hemoglobin-mediated NO
scavenging and reactive oxygen species generation (9, 10) and
by downstream heme-mediated activation of inflammasome
signaling (11).

These observations have generated controversy in the
hematology and pulmonary fields over the last 20 years (12). For
example, how can lowmicromolar concentrations of hemoglobin
in plasma lead to pulmonary vasculopathy?Why are relatively low
TRV values and pulmonary artery pressures associated with a high
risk of death? Does hemolysis drive certain clinical complications,
such as PH, CKD, and cutaneous leg ulcers? Is PH in SCD common
or rare, precapillary or postcapillary, and a cause or a marker of death?

Many of these controversies are put to rest by the 10-year follow-
up of the ETENDARD (Evaluation of the Prevalence of Pulmonary
Hypertension in Adult Patients with Sickle Cell Disease) study in

this issue of the Journal, in which Savale and colleagues (pp. 2096–2104)
screened 398 patients with homozygous SCD (hemoglobin SS) and
sickle b-zero thalassemia (13). All consenting patients with a TRV
>2.5 m/s underwent right heart catheterization, and no patients
were lost to follow-up. In addition, the authors reclassified patients
according to the latest PH guidelines defined by mean pulmonary
arterial pressure (mPAP)>20 mmHg with high pulmonary vascular
resistance (PVR) (14). PH was identified in 44 patients, or 11% of
the screened population. Among them, 26 (6.5%) had a pulmonary
arterial occlusion pressure (PAOP)<15 mmHg, and 18 (4.5%) had
a PAOP.15 mmHg. It is important to note that this result may
have underestimated the prevalence of PH in the SCD hemoglobin SS
population because the ETENDARD study excluded 42 patients
because of CKD, lung disease, or liver disease, all complications
that have been associated with higher risk of PH in patients with
SCD (4, 7).

Eleven percent of their patients died during follow-up, and the
three leading identifiable causes of death were PH/heart failure, acute
chest syndrome, and sudden death. An analysis of variables associated
with mortality identified increasing PVR, with receiver operating
characteristic curve analysis identifying a threshold of 1.5Wood
Units (WU) as most predictive. This PVR value is lower than the
PH guideline value of>2.0WU in patients without SCD. However,
prior hemodynamic studies demonstrated that patients with SCD
and anemia and a high cardiac output have lower baseline PVR
values, because anemia-induced high cardiac output lowers the
calculated PVR (Ohm’s law) and defined a value of>1.5WU as
abnormal (5, 6, 15). In patients with mPAP>20 mmHg and
PVR>1.5WU in the ETENDARD study, the adjusted hazard ratio for
mortality was 4.27 (95% confidence interval, 1.88–9.74; P, 0.001) (13).

The mPAP>20 mmHg and PVR>1.5WU hemodynamic
profile confirms our previously identified correlates: laboratory
measures of higher steady-state hemolytic anemia, such as lower
concentrations of hemoglobin and higher concentrations of bilirubin
and aspartate aminotransferase, high plasma concentrations of
N-terminal pro-B-type natriuretic peptide, systemic hypertension,
stroke, renal impairment, and a restrictive pulmonary pattern with a
low DLCO (7). They analyzed mortality risk at 10 years using a variety
of methodologies and consistently found significant associations with
the severity of PHmeasured by TRV>2.5 m/s and PVR>1.5 WU,
and systemic hypertension, leg ulcers, estimated glomerular
filtration rate, and hemolytic markers such as lactate dehydrogenase.

This important 10-year follow-up study provides more evidence
that 1) intrinsic pulmonary vascular disease, defined by high PVR
(with or without high PAOP), is a major risk factor for death and

This article is open access and distributed under the terms of the
Creative Commons Attribution Non-Commercial No Derivatives
License 4.0. For commercial usage and reprints, please e-mail Diane
Gern (dgern@thoracic.org).

Artificial Intelligence Disclaimer: No artificial intelligence tools were
used in writing this manuscript.

Originally Published in Press as DOI: 10.1164/rccm.202509-2289ED
on September 25, 2025

1990 American Journal of Respiratory and Critical Care Medicine Volume 211 Number 11 | November 2025

EDITORIALS

https://doi.org/10.1164/rccm.202502-0353OC
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.202509-2289ED&domain=pdf&date_stamp=2025-10-17
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
https://doi.org/10.1164/rccm.202509-2289ED


morbidity in patients with SCD; 2) this complication is relatively
common, even in asymptomatic patients without evident renal, liver,
or lung disease on initial screening; 3) new guideline definitions of
PH identify patients with SCDwho are at risk of death and confirm
that a lower PVR threshold defines patients with anemia with a high
cardiac output; 4) the study continues to identify hemolytic anemia
as a risk factor for PH, and, after 10 years of follow-up, potentially
as an important independent risk factor for death, supporting prior
observations (16); and 5) the study also supports the hypothesis that
hemolysis drives certain complications (sub-phenotypes) of SCD,
which includes CKD, PH, and cutaneous leg ulceration.

Finally, the authors’ analysis finds that the high-risk mPAP
>20 mmHg and PVR>1.5WU hemodynamic profile was observed
in 28% of patients with TRV between 2.9 and 3.4 m/s and in 100% of
patients with TRV.3.4 m/s, highlighting both the predictive value of
rising TRV values for PH but also the importance of confirmation with
right heart catheterization.We agree with the authors’ conclusions on
the prognostic significance of TRVmeasured by echocardiography and
with their advocacy for regular echocardiographic screening in patients
with SCD, as suggested by the American Thoracic Society clinical
practice guideline on PH in SCD (15) and themost recent European
PH guidelines (14).

We recently completed randomization of patients with high
TRV and/or evidence of CKD in the SCD-CARRE (Sickle Cell
Disease and Cardiovascular Risk—Red Cell Exchange) clinical trial of
standard of care with and without aggressive monthly red blood cell
exchange transfusions. The results of this study may help identify
therapies that can help mitigate morbidity and mortality associated
with PH in our patients with SCD.�
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