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Editorials and Perspectives

Pulmonary hypertension in patients with
hemoglobinopathies: could a mechanism for
dysfunction provide an avenue for novel
therapeutics?

Advances in the care of patients with thalassemia, sick-
le cell disease, and other hemolytic disorders through
early detection, education, improvements in red cell
transfusion and iron chelation therapy, penicillin prophy-
laxis, vaccination, and hydroxyurea therapy have led to a
significant prolongation of the life expectancy of such
patients. As this patient population ages, new chronic
complications of these hemoglobinopathies develop. In
this context, pulmonary hypertension is emerging as one
of the leading causes of morbidity and mortality in adult
sickle cell and thalassemia patients. 

Retrospective and prospective studies estimate a pul-
monary hypertension prevalence of 20-40% in patients
with sickle cell disease,1-3 40-50% in patients with tha-
lassemia intermedia,4 and 10-75% in patients with tha-
lassemia major.5-7 In addition, post-mortem studies in
patients with sickle cell disease have revealed oblitera-
tive pulmonary vasculopathy with medial and intimal
hyperplasia and plexogenic dilations of pulmonary ves-
sels in one-third of patients.8

A study by Derchi and colleagues, published in this
issue of the journal (see page 450) adds important new
data on the use of sildenafil in this at risk population. In
Derchi’s case series, seven patients with thalassemia
intermedia (n=4), thalassemia major (n=2), and sickle
thalassemia (n=1) and severe pulmonary hypertension
were treated with 50 mg of sildenafil twice daily for a
period ranging from 4 weeks to 48 months. Pulmonary
pressures decreased in all patients and functional status
and six-minute walked distance improved. We will now
attempt to frame these therapeutically provocative find-
ings in the context of emerging data on the prognosis,
pathophysiology, and therapy of pulmonary hyperten-
sion in patients with chronic hemolytic anemias.

Pulmonary hypertension: a harbinger of mortality
Pulmonary arterial hypertension, either idiopathic or

associated with conditions such as scleroderma, cirrho-
sis or human immunodeficiency virus infection, is tradi-
tionally defined as a mean pulmonary artery pressure
(MPAP) ≥25 mmHg at rest or ≥30 mmHg with exercise,
pulmonary capillary wedge pressure ≤15 mmHg, and
pulmonary vascular resistance > 3 units. Patients with
idiopathic primary pulmonary hypertension tend to be
young, have few comorbid conditions, and are usually
symptomatic with mean pulmonary arterial pressures in
the range of 50-60 mmHg. In contrast, patients with
hemolytic anemias tend to have mild-to-moderate eleva-
tions in mean pulmonary pressures in the range of 30-40
mmHg, with mild elevations in pulmonary vascular
resistance.9,10

The results of our pulmonary hypertension screening
study reflect this observation. We studied 195 adult
patients with sickle cell disease who were screened by
transthoracic Doppler-echocardiograms using tricuspid
regurgitant jet velocity (TRV) to estimate the pulmonary
artery systolic pressure. Pulmonary hypertension was
prospectively defined as a tricuspid regurgitant jet veloc-
ity (TRV) ≥2.5 m/sec. Thirty-two percent of patients had
elevated pulmonary artery systolic pressures (TRV ≥2.5

m/sec) and 9% had moderately-to-severely elevated
pressures (TRV ≥3.0 m/sec). Right heart catheterization
was performed in consenting patients with TRV ≥2.5
m/sec. The mean pulmonary artery pressure was 34.5
mmHg and pulmonary vascular resistance was 148.5
dyn·sec·cm-5.10

Despite this mild-to-moderate elevation in pulmonary
artery pressures, 2-year mortality rates of up to 50%
have been demonstrated in patients with sickle cell dis-
ease and pulmonary hypertension.9 Furthermore, in our
prospective study, a measured TRV of at least 2.5 m/sec,
as compared to a velocity of less than 2.5 m/sec, was an
independent predictor of mortality associated with a
markedly increased risk of death (RR 10.1; 95% CI, 2.2-
47; p<0.001), with an 18-month mortality of 16% for
patients with a TRV ≥2.5 m/sec and less than 2% in
patients without pulmonary hypertension. Taken
together, these data suggest that pulmonary hyperten-
sion in patients with hemolytic diseases is likely to be a
different disorder than other forms of pulmonary arteri-
al hypertension, due to the presence of chronic anemia.
Chronically anemic patients require a high resting car-
diac output to compensate for a decrease in oxygen car-
rying capacity. It is likely that any degree of pulmonary
hypertension would be poorly tolerated in these patients
and would result in significant morbidity and possibly
mortality. Another distinctive finding seen in patients
with sickle cell disease and thalassemia and pulmonary
hypertension is mild elevation in pulmonary capillary
wedge pressure, a finding not seen in other forms of pul-
monary arterial hypertension, raising the question of a
potential contribution of left-sided heart disease to the
development of pulmonary hypertension. 

Hemolysis-associated pulmonary hypertension
Pulmonary hypertension develops in most forms of

hereditary and chronic hemolytic anemia including sickle
cell disease,2,8-11 thalassemia intermedia and major,4,6,12-14

hereditary spherocytosis,15-17 stomatocytosis,18-20 paroxys-
mal nocturnal hemoglobinuria,21,22 microangiopathic hemo-
lytic anemia,23,24 pyruvate kinase deficiency,25 and possibly
malaria, suggesting that a common mechanism(s) could be
responsible for the pathogenesis of the disease.

In sickle cell disease, a role for chronic intravascular
hemolysis as a central mechanism in the development of
secondary pulmonary hypertension is supported by a cor-
relation between markers of increased hemolytic rate
(such as low hemoglobin and hematocrit, high lactate
dehydrogenase and aspartate aminotransferase, high
bilirubin, high iron and ferritin, low transferrin, and a his-
tory of greater than 10 transfusions) and severity of the
pulmonary hypertension.10 These observational data sug-
gest that pulmonary hypertension in patients with hemo-
globinopathies is linked to chronic hemolysis and provide
evidence for a novel mechanism of disease: hemolysis-
associated pulmonary hypertension (HAPHT).

Pathophysiology
In chronic hemolytic diseases, hemoglobin is released

from the erythrocytes into plasma. For example, in sick-
le cell disease, polymerization of hemoglobin S can lead
to premature destruction of 10% of the erythrocytes
every 24 hours, which is equivalent to the daily release
of up to 30 grams of hemoglobin from the erythrocytes.26

Nitric oxide is a free radical that is produced by endothe-
lial cells and, through activation of guanylyl cyclase,
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causes vasodilatation of the vascular smooth muscle.
However, hemoglobin oxidizes nitric oxide to nitrate,
effectively scavenging it. Nitric oxide reacts with free
hemoglobin at least 1000 times more rapidly than it does
with erythrocytic hemoglobin, due to the loss of critical
nitric oxide diffusional barriers created by the erythro-
cytic membrane.27,28 Consequently, smooth muscle
guanylyl cyclase is not activated and vasodilatation is
inhibited. Supporting this hypothesis, plasma from
patients with sickle-cell disease contains cell-free ferrous
hemoglobin, which stoichiometrically consumes micro-
molar quantities of nitric oxide and abrogates forearm
blood flow responses to infusions of nitric oxide donor,
and hemoglobin oxidation by nitric oxide inhalation
restores nitric oxide bioavailability.29 As such, plasma
hemoglobin and oxygen free radical-mediated consump-
tion of nitric oxide produces a state of resistance to nitric
oxide in patients with hemolytic disorders.26,30 The scav-
enging of nitric oxide also upregulates adhesion mole-
cules such as vascular cell adhesion molecule 1 (VCAM-
1) and E-selectin, induces the expression of endothelin-
1, and could influence platelet activation.26,31-34

Furthermore, hemolysis releases arginase from the

erythrocytes. L-arginine is a precursor of nitric oxide.
Arginase hydrolyzes L-arginine to ornithine and urea,
thereby decreasing production and bioavailability of
nitric oxide. Morris and colleagues recently determined
that arginase activity tended to be higher in patients
with sickle cell disease and pulmonary hypertension
(0.82±0.6 vs. 0.43±0.2 µmol/mL/hour, p=0.07)35 and
arginase activity was independently associated with
mortality in this population (risk ratio 2.3; CI 1.1-4.9,
p=0.03, Morris et al., submitted for publication).

In addition to hemolysis, other factors are likely to con-
tribute to the development of pulmonary hypertension in
patients with hemolytic disorders. Functional asplenia or
surgical splenectomy has been reported to be a risk factor
for the development of pulmonary hypertension,36 partic-
ularly in patients with hemolytic disorders post-splenec-
tomy.16,25,37 It has been speculated that the loss of splenic
function increases the circulation of platelet-derived
mediators because senescent and abnormal erythrocytes
in the circulation trigger platelet activation promoting
pulmonary microthrombosis and red cell adhesion to the
endothelium. Westerman and colleagues have also shown
that splenectomized patients with thalassemia intermedia

Figure 1. Pathophysiology of hemolysis-associated pulmonary hypertension and mechanism of action of pulmonary vasodilator/remod-
eling pharmacological agents.
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have a higher plasma hemoglobin concentration than do
non-splenectomized patients with thlassemia intermedia
(48.5±3.6 mg/dL vs. 17.18±5.58 mg/dL, p=0.014) and
higher circulating hemoglobin containing vesicles
(24.19±12.2 mg/dL vs. 4.36±0.81 mg/dL, p=0.008),38 sug-
gesting that worsening of pulmonary hypertension after
splenectomy may also be due to increased cell-free plas-
ma hemoglobin. In situ thrombosis, pulmonary throm-
boembolism, chronic liver dysfunction due to viral hepa-
titis or iron overload are also potential pathogenetic con-
tributors and should be actively searched for and treated
in patients presenting with pulmonary hypertension.

Diagnosis
The presence of pulmonary hypertension in patients

with hemolytic disorders is likely to be unappreciated by
both the patient and the care provider since its major
symptom, dyspnea, is often ascribed to anemia. Doppler
echocardiography provides information such as non-inva-
sive estimation of pulmonary artery systolic pressure,
valvular, right and left ventricular function. More impor-
tantly, since the presence of pulmonary hypertension
assessed by echocardiography is an independent risk factor
for mortality in patients with sickle cell disease, we recom-
mend that adults with chronic hemolytic disorders under-
go echocardiographic screening for pulmonary hyperten-
sion. The measurement of TRV is of central diagnostic and
prognostic importance, with an absolute value greater than
2.5 m/sec identifying high-risk patients. Using this thresh-
old, 30% of sickle cell patients10 and 59% of thalassemia
patients4 have pulmonary hypertension. Right heart
catheterization is essential to confirm the diagnosis in
patients with higher TRV values (greater than 2.9 m/sec)
and assess the severity of pulmonary hypertension, while
excluding other contributors such as significant left ven-
tricular dysfunction. 

Treatment
There are very limited data on the specific management

of patients with hemolytic disorders and pulmonary
hypertension. Standard therapies to intensify the treat-
ment of the underlying hemoglobinopathy such as hydrox-
yurea and simple or exchange transfusion should be opti-
mized. Based on the role of hemolysis in the pathogenesis
of pulmonary hypertension, it is likely that measures
decreasing hemolytic rate would be beneficial. For exam-
ple, a recent report by Aessopos and colleagues demon-
strated that in well-transfused, iron-chelated patients with
thalassemia major, pulmonary hypertension was com-
pletely prevented.39 The use of selective pulmonary
vasodilator/remodeling pharmacological agents such as
prostacyclins, endothelin receptor antagonists, and phos-
phodiasterase-5 inhibitors should be considered in symp-
tomatic patients with severe pulmonary hypertension.
However, there are specific treatment concerns in patients
with sickle cell disease and thalassemia. The use of prosta-
cyclins, in addition to the risk of line sepsis or thrombosis,
raises the potential concern of exacerbating a hyperdy-
namic state. Hepatotoxicity is a significant adverse effect of
endothelin receptor antagonists, thus these agents must be
used with caution in this population of patients predis-
posed to the development of cirrhosis secondary to hepa-
titis C and iron overload from repeated transfusions.
Sildenafil has a theoretical risk of increasing priapism in
men with sickle cell disease. 

Since alterations in nitric oxide bioavailability play an
important role in the pathogenesis of the pulmonary

hypertension associated with chronic hemolytic disorders,
therapeutic interventions that enhance nitric oxide effects
such as inhaled nitric oxide, L-arginine and sildenafil may
be of value. These agents target discrete components of
the nitric oxide signaling pathway (Figure 1). Nitric oxide
gas diffuses directly to smooth muscle guanylate cyclase,
binds to its heme group and activates the enzyme, which
converts GTP into the second messenger cGMP. This acti-
vates cGMP-dependent protein kinases and triggers the
sequestration of intracellular calcium and vascular smooth
muscle relaxation. L-arginine is the amino acid substrate
for the nitric oxide synthase enzyme system, which con-
verts L-arginine to citrulline and nitric oxide. Finally, the
second messenger cGMP is degraded by phosphodi-
esterase 5, which is selectively inhibited by sildenafil.
Inhaled nitric oxide could potentially be beneficial due to
its ability to selectively dilate the pulmonary vasculature as
well as oxidatively inactivate circulating plasma hemoglo-
bin.26 The use of chronic inhaled nitric oxide is investiga-
tional, potentially expensive and requires relatively com-
plicated delivery systems.40 When given for 5 days to 10
patients with sickle cell disease and moderate to severe
pulmonary hypertension, L-arginine (0.1 g/kg three times
daily) decreased estimated pulmonary artery systolic pres-
sure by a mean of 15.2%, suggesting that it may have a
role in the chronic treatment of pulmonary hypertension in
these patients.35 Sildenafil use resulted in symptomatic
improvement and near normalization of pulmonary pres-
sures in one patient with thalassemia intermedia.41 The
study by Derchi et al.42 adds important new data on the use
of sildenafil in this population. In an observational study,
seven patients with either thalassemia intermedia (n=4),
thalassemia major (n=2), or sickle thalassemia (n=1) and
severe pulmonary hypertension with mean tricuspid regur-
gitant gradients of ≥45 mmHg at rest were treated with
sildenafil 50 mg twice daily from 4 weeks to 48 months.
Tricuspid gradient decreased in all patients and functional
status, as defined by NYHA class and the six-minute walk-
ing test, improved. Sildenafil was well-tolerated without
any significant hemodynamic adverse effects. There was
no priapism observed in the one sickle cell patient, a seri-
ous potential concern with this agent. However, this study
must now be followed by carefully designed phase I eval-
uations of the risk of priapism in male patients with sickle
cell disease and phase II/III placebo-controlled trials evalu-
ating efficacy. 

Conclusions
Pulmonary hypertension is a common complication of

chronic hemolytic disorders and is associated with high
morbidity and mortality. Studies such as the one by
Derchi and colleagues show promising efficacy and
safety data and provide proof of concept for designing
larger, multi-center, randomized, double-blind, placebo-
controlled trials evaluating the safety and efficacy of
selective pulmonary vasodilator/remodeling pharmaco-
logical agents in this population of patients.
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