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In this Issue... Pulmonary Hypertension and Other Complications of
Hemolysis in Sickle Cell Disease and Thalassemia

A central mechanistic feature of both sickle cell disease and thalassemia is hemolytic anemia. Historically,
this complication has been considered to increase only the risk for cholelithiasis and symptomatic anemia;
however, more recent data suggest that intravascular hemolysis may produce a state of endothelial
dysfunction and resistance to nitric oxide. This ultimately leads to smooth muscle and intimal hyperplasia,
proliferative vasculopathy, and increased risk of thrombosis.

In this context, it is now increasingly apparent that both diseases, as well as other hereditary and acquired
hemolytic anemias, are associated with a high incidence and prevalence of pulmonary hypertension. Indeed,
pulmonary hypertension is rapidly emerging as a major cause of early mortality in sickle cell disease (and
likely thalassemia). Although in a small subset of these patients cor pulmonale has been recognized for many
decades, cases of mild or moderate pulmonary hypertension in most patients present few or no symptoms,
yet still pose a very significant risk of early death.

Agents to treat pulmonary hypertension in this population are promising in pilot studies, with larger-scale
clinical trials needed to help guide clinical practice. In patients with pulmonary hypertension due to sickle cell
disease or thalassemia, the greatest experience has been gained with sildenafil, and a large clinical trial is
anticipated.

The high prevalence of pulmonary hypertension in patients with thalassemia indicates that red cell sickling is
unlikely to be the principal cause of pulmonary hypertension in patients with sickle cell disease. In these and
other hemolytic disorders with a large intravascular component, other vascular complications such as
priapism and cutaneous leg ulceration are emerging. Further, strong and consistent evidence is arising that
intravascular hemolysis unleashes red cell contents into blood plasma, where they behave as chronic toxins
that rob blood vessels of nitric oxide, a critical component in maintaining vascular health.

In this issue, we review the current literature on the etiology, diagnosis, and management of pulmonary
hypertension in patients with hemolytic disorders.
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Commentary © back to top

Pulmonary hypertension is rapidly emerging as potentially the most serious complication of
hemoglobinopathy associated with early mortality. In adults with sickle cell disease, even mild pulmonary
hypertension places patients in a group with a 40% mortality rate at 40 months from its recognition — no other
form of organ dysfunction in these patients places them at such high risk for early death. Comparable data,
reviewed within this issue, have now been published from Howard University, National Institutes of Health,
and the University of North Carolina, Chapel Hill, and presented at the American Society of Hematology
meeting from Duke Medical Center. This understanding has been arising in parallel in the thalassemia
literature over the last several years, particularly in untransfused patients with thalassemia intermedia.

Clearly, clinical hematologists will need to become familiar with screening and clinical suspicion of pulmonary
hypertension in patients with hemoglobinopathies. They will also need to develop clinical alliances with
pulmonologists or cardiologists knowledgeable in the diagnosis and management of pulmonary hypertension.
One problem arising in this alliance is that many pulmonologists and cardiologists in clinical practice may not
be aware that patients with sickle cell disease cannot tolerate even mild to moderate degrees of pulmonary
hypertension. It is likely that the low oxygen-carrying capacity in these anemic patients, coupled with
widespread organ dysfunction and in some cases, concurrent left ventricular diastolic dysfunction, may cause
patients with sickle cell disease and pulmonary hypertension to succumb long before pulmonary pressures
rise to alarming levels. Although it still remains to be proven that pulmonary hypertension is a direct cause of
this early mortality, it seems likely that this will be the case.

The etiology of pulmonary hypertension in these hemolytic disorders is undoubtedly multifactorial. However,
impairment of nitric oxide-dependent blood flow appears to be a major factor. Intravascular hemolysis
releases both hemoglobin and arginase into blood plasma, where the former scavenges nitric oxide, while the
latter depletes plasma of L-arginine, the substrate for nitric oxide production by nitric oxide synthase.
Compounding this, nitric oxide is consumed by reactive oxygen species produced in large amounts in patients
with sickle cell disease by xanthine oxidase and NADPH oxidase. Depletion of nitric oxide thus results in a




proliferative vasculopathy with chronic vasoconstriction and increased activity of tissue factor, thrombin,
endothelin-1 and endothelial adhesion molecules, accompanied by platelet activation. These mechanisms
provide novel targets for therapeutic intervention, and several active agents are in clinical trials.

Therapeutic trials are needed to define the optimal treatment approach in hemolysis-associated pulmonary
hypertension. Until then, in patients with a tricuspid regurgitant jet velocity of 3 m/sec or greater, we favor as a
first step attempting to reduce the hemolytic rate by aggressive hydroxyurea therapy or institution of chronic
monthly transfusion. If the improvement in pulmonary pressure is inadequate, addition of other FDA-approved
pulmonary vasodilators may be tried; note, however, that for patients with sickle cell disease, clinical trials
that demonstrate efficacy and survival advantage have not yet been performed.

The scope of complications attributable to hemolysis-associated endothelial dysfunction appears to be
expanding to include other disorders that are epidemiologically linked to severity of hemolysis. These
complications include priapism, leg ulceration and possibly ischemic stroke. All conceivably might be
mediated by a hemolysis-associated defect in NO-dependent blood flow. Additional studies will be required to
better define links between these complications and hemolysis in sickle cell disease and thalassemia, as well
as the other hemolytic disorders - such as hereditary spherocytosis, paroxysmal nocturnal hemoglobinuria,
and red cell enzymopathies - associated in case reports with pulmonary hypertension, priapism, and leg
ulceration.

Pulmonary Hypertension In Sickle Cell Disease © back to top

Pulmonary hypertension is being increasingly recognized in patients with sickle cell disease. The
echocardiographic studies published by Sutton et al reported that 30% of screened adult sickle cell anemia
patients have pulmonary hypertension (systolic pulmonary artery pressures (PAP) = 30 mm Hg). In addition,
recent autopsy studies by Haque et al suggest that up to 75% of sickle cell anemia patients have histological
evidence of pulmonary arterial hypertension at the time of death. These data are consistent with the results of
the NIH pulmonary hypertension screening study in sickle cell disease published by Gladwin et al. That study
enrolled 195 adult sickle cell anemia patients who were screened with transthoracic Doppler-
echocardiograms, with tricuspid regurgitant jet velocity (TRV) used to estimate the pulmonary artery systolic
pressure. To avoid a more subjective estimation of central venous pressure in this study, pulmonary
hypertension was prospectively defined by a specific tricuspid regurgitant Doppler jet velocity value (TRV) =
2.5 m/sec and moderate-to-severe pulmonary hypertension was defined by a TRV = 3.0 m/sec. Right heart
catheterization was performed in consenting patients with a TRV = 2.8 m/sec. Using these definitions, 32% of
patients with sickle cell disease had elevated pulmonary artery systolic pressures and 9% had moderately-to-
severely elevated pressures. Nearly identical prevalence figures have been published by Ataga et al and
were also presented by De Castro at the most recent American Society of Hematology meeting.

Regarding the development of pulmonary hypertension as a predictor of a high risk of early mortality, the
Sutton study reported a 40% mortality rate at 22 months with an odds ratio for death of 7.86. Similarly,
Powars et al reported a mean 2.5 year survival in sickle cell patients with chronic lung disease and pulmonary
hypertension, and Castro et al found a 50% two year mortality rate in patients with sickle cell disease with
pulmonary hypertension confirmed by right heart catheterization. These studies involved patients with
symptomatic pulmonary hypertension.

More recent prospective studies show that even mild and asymptomatic pulmonary hypertension is
associated with risk of early mortality. In the Gladwin NIH screening study, a measured TRV of 2.5 m/sec or
greater was associated with a ten-fold increased risk of death, which remained significant even after
adjustment for other possible risk factors by proportional hazards regression analysis. Further unpublished
follow-up data from our NIH cohort continues to demonstrate that pulmonary hypertension is a strong
independent risk factor for mortality (RR 7.4, 95% Cl 2.4-22.6, P < 0.001) with 40-month mortality rate of
approximately 40%. In addition, De Castro and colleagues reported a remarkably similar 17% mortality rate
for patients with pulmonary hypertension over 2 years compared with approximately 2% for subjects without
pulmonary hypertension. Taken together, these retrospective and prospective studies strongly support the
contention that pulmonary hypertension is the greatest single risk factor facing the aging population of both
sickle cell disease patients and (likely) other patients with chronic high-grade intravascular hemolysis.
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Reports of pulmonary hypertension are also accumulating involving patients with thalassemia (in particular
thalassemia intermedia, hemoglobin E-thalassemia and inadequately transfused and chelated patients with
thalassemia major), paroxysmal nocturnal hemoglobinuria, hereditary spherocytosis and stomatocytosis,
microangiopathic hemolytic anemias, pyruvate kinase deficiency, and possibly malaria. Additionally, certain
conditions are associated with both intravascular hemolysis and risk of pulmonary hypertension, such as
schistosomiasis, and iatrogenic hemolysis from mechanical heart valves, left ventricular assist devices and
cardiopulmonary bypass procedures. Our group at NIH has received additional reports of patients with
pulmonary hypertension associated with hemolytic anemia secondary to unstable hemoglobin variants
(personal communication, H. Franklin Bunn and Thomas DelLoughery). Similarly, the retrospective studies by
Grisaru et al. and Derchi et al. have demonstrated that 40-50% of patients with thalassemia intermedia, and
10-75% of patients with thalassemia major, have echocardiographic evidence of pulmonary hypertension.
The two more recent studies by Aessopos et al. suggest that pulmonary hypertension may be more common
in patients with thalassemia intermedia and hemoglobin E-3-thalassemia than in patients with 3-thalassemia
major, a condition more likely occurring because most 3-thalassemia major patients receive sufficient blood
transfusions to reduce ineffective erythropoiesis and hemolysis. In addition, investigating pulmonary
hypertension associated with thalassemia, the work by Morris and colleagues provides evidence of a
disordered arginine metabolism similar to sickle cell disease.

1.
Grisaru D, Rachmilewitz EA, Mosseri M, et al. Cardiopulmonary assessment in beta-thalassemia major. Chest
1990;98:1138-1142.

El View Journal Abstract

2.
Derchi G,Fonti A, Forni GL, et al. Pulmonary hypertension in patients with thalassemia major. Am Heart J.
1999;138:384.

El View Journal Abstract

3.
Aessopos A, Farmakis D, Deftereos S, et al. Thalassemia heart disease: a comparative evaluation of thalassemia major
and thalassemia intermedia. Chest 2005;127:1523-1530.

El View Journal Abstract View Full Article

4.
Aessopos A, Farmakis D, Karagiorga M, et al. Cardiac involvement in thalassemia intermedia: a multicenter study.
Blood 2001;97:3411-6.

%l View Journal Abstract View Full Article

5.
Morris CR, Kuypers FA, Kato G, Lavrisha L, Larkin S, Singer T, and Vichinsky EP. Hemolysis-associated pulmonary
hypertension in thalassemia. Annals of the New York Academy of Sciences, in press.

Treatment of Pulmonary Hypertension in
Hemoglobinopathies © back to top



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2225958&query_hl=28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10426856&query_hl=30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15888823&query_hl=32
http://www.chestjournal.org/cgi/content/full/127/5/1523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11369631&query_hl=34
http://www.bloodjournal.org/cgi/content/full/97/11/3411

Due to the absence of clinical guidelines and placebo-controlled therapeutic trials for the evaluation and
treatment of pulmonary hypertension in the sickle cell population, our diagnostic and therapeutic approach
must be summary in nature. Because it is not yet clear if an elevated pulmonary pressure is a direct cause of
death or a risk factor for multi-organ disease and generalized sickle cell vasculopathy, for patients with mild
pulmonary hypertension (TRV 2.5 - 2.9 m/s) we recommend intensification of sickle cell-specific therapy. This
would comprise:

. Hydroxyurea treatment at the maximum tolerated dose as defined by the Multicenter Study of Hydroxyurea,
with erythropoietin therapy considered if reticulocytopenia limits hydroxyurea therapy.

. Monthly transfusion therapy may be considered for patients with a poor response to hydroxyurea,
accompanied by chelation therapy, if indicated. Anecdotally, the TRV has declined in some patients with
institution of these treatment measures, although to date this has not been prospectively studied.

. Consultation with a pulmonologist or cardiologist with experience in pulmonary hypertension, especially the
latter if the echocardiogram shows evidence of left ventricular dysfunction.

. lIdentification and treatment of risk factors associated with pulmonary hypertension such as rest, exercise or
nocturnal hypoxemia, sleep apnea, pulmonary thromboembolic disease, left ventricular systolic and diastolic
dysfunction, severe anemia and iron-overload.

In addition to the above measures, practitioners treating patients with TRV = 3 m/s should consider:

. Right heart catheterization to assess left ventricular diastolic and systolic function.
. A CT-pulmonary angiogram to exclude chronic thromboembolic pulmonary hypertension.

. Consider systemic anticoagulation (shown by Rich et al. to improve outcomes in patients with primary
pulmonary hypertension and in-situ thrombosis; note that no data are as yet available in patients with sickle
cell disease).

In addition, practitioners treating these patients should also consider specific therapy with selective pulmonary
vasodilator and remodeling drugs, particularly if the patient has symptomatic dyspnea on exertion which has
progressed in recent months or years. Drugs which are FDA-approved for primary pulmonary hypertension
include bosentan (Tracleer®) and various forms of prostaglandin therapy, none of which have been
comprehensively investigated for sickle cell pulmonary hypertension. Derchi et al. and Machado et al. have
considerable pilot experience with sildenafil, which has recently gained FDA approval for pulmonary
hypertension under the trade name Revatio®. Two multicenter trials (sildenafil and bosentan) for hemolysis-
associated pulmonary hypertension are anticipated in the near future.

Also, appropriate consultation and right heart catheterization is recommended at baseline and repeated
annually.

More detailed management recommendations by Machado and Gladwin are available in a recently published
review in the British Journal of Haematology
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Nitric oxide regulates smooth muscle tone and platelet activation: its depletion can give rise to smooth muscle
dystonia, causing clinical manifestations such as hypertension, gastrointestinal contraction, erectile
dysfunction, and clot formation. Specific gastrointestinal symptoms can include abdominal pain, esophageal
spasms, and dysphagia. As detailed by Rother and colleagues, these symptoms, common in the hemolytic
crisis of paroxysmal nocturnal hemoglobinuria, also occurred in a dose-dependent fashion in normal
volunteers who were infused with the early generation blood substitutes, which scavenged nitric oxide (and,
consequently, prevented the clinical adoption of those agents). It is intriguing to speculate that these same
symptoms, which occur in sickle cell disease, might be due not to sickling, but to depletion of nitric oxide due
to intravascular hemolysis. We have proposed that the clinical manifestations of sickle cell disease may fall
into two partially overlapping subphenotypes. The first subphenotype encompasses the more classic
manifestations of the disease: vaso-occlusive crisis and the acute chest syndrome. These morbidities are
epidemiologically associated with high white blood cell counts, high steady state hemoglobin levels and low
fetal hemoglobin levels (increasing fetal hemoglobin concentration is protective). These complications are
largely mediated by microvascular obstruction by sickle erythrocytes and their pathogenesis is characterized
by ischemia-reperfusion injury, infarction and inflammation. The second subphenotype encompasses clinical
complications shared by other hemolytic anemias, and includes pulmonary arterial hypertension, systemic
systolic arterial hypertension, cutaneous leg ulceration, priapism, and possibly stroke.

While less clearly linked to hemolytic rate, there are a number of pathological and clinical features of stroke in
patients with sickle cell disease that suggest a parallel pathobiology with the vasculopathy of pulmonary
hypertension (G. Kato, et al., manuscript submitted). Stroke and pulmonary hypertension have many
epidemiological risk factors in common, including history of prior stroke, systolic hypertension, low
transcutaneous oxygen saturation, and severe anemia. Both show histopathological evidence of large vessel
arterial disease, featuring smooth muscle hyperplasia with overlying endothelial damage, fibrosis, and
thrombosis in situ. Fetal hemoglobin expression has not proven protective in either condition. The potential
role of nitric oxide resistance in cerebrovascular disease remains to be investigated in sickle cell disease and
thalassemia.
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Priapism has been reported in patients with sickle cell disease, thalassemia intermedia, red cell
enzymopathy, unstable hemoglobin disorders, and other hemolytic anemias. In the NIH pulmonary
hypertension screening cohort, patients with a history of priapism had evidence of an increased hemolytic
rate and were five-fold more likely to have pulmonary hypertension, supporting a mechanistic and
epidemiological link between these complications. In a recent case-control analysis of data from the
Comprehensive Study of Sickle Cell Disease (CSSCD) cohort study, Nolan et al found that priapism was
associated with the laboratory markers of a high hemolytic rate and leukocytosis; a genetic polymorphism in
klotho, a gene that regulates NO bioavailability, was also linked to priapism in the other Nolan study.
Additionally, priapism was found to occur less frequently in patients with lower hemolytic rate such as
hemoglobin SC disease and S-beta-plus-thalassemia. Additionally, the recent Champion et al study using
mouse models suggests that priapism involves dysregulation of phosphodiesterase-5, the enzyme normally
responsible for counterbalancing the nitric oxide effect, implicating the nitric oxide pathway rather than
sickling. Evidence is mounting that priapism is a feature of intravascular hemolysis in general, and not only of
sickling disorders.
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Cutaneous leg ulceration has also been associated with hemolytic anemias including sickle cell disease,
thalassemia, and spherocytosis, the latter recently reported by Giraldi et al. Consistent with this shared
complication of hemolytic anemias, in the CSSCD cohort, patients with a history of leg ulcers had the highest
rates of hemolysis (personal communication; M. Steinberg). In the NIH pulmonary hypertension screening
cohort described above, leg ulceration was associated with a history of priapism, pulmonary hypertension,
and markers of more severe intravascular hemolysis. Leg ulceration is another complication of hemolytic
disorders not limited to the sickling hemoglobinopathies. Due to the statistical association of leg ulceration,
pulmonary hypertension and priapism, it is tempting to speculate that leg ulceration is also due in part to
disruption in nitric oxide-dependent blood flow caused by chronic intravascular hemolysis. This, however, is
an area that requires further research.
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Accreditation
Physicians
The Johns Hopkins University School of Medicine is accredited by the Accreditation Council for Continuing Medical
Education to provide continuing medical education for physicians.

Credit Designation
Physicians
The Johns Hopkins University School of Medicine designates this educational activity for a maximum of 0.5
category 1 credits toward the AMA Physician's Recognition Award. Each physician should claim only those credits
that he/she actually spent in the activity.

Target Audience

This activity has been developed for Hematologists. There are no fees or prerequisites for this activity.

Learning Objectives

At the conclusion of this activity, participants should be able to:
« Describe the clinical significance of pulmonary hypertension in sickle cell disease and thalassemia

* Recognize a syndrome of pulmonary hypertension, priapism, leg ulcers, and possibly ischemic stroke in patients
with hemoglobinopathies.

* Discuss the emerging pathophysiological linkage between intravascular hemolysis and vasculopathy due to
associated endothelial dysfunction.

The Johns Hopkins University School of Medicine takes responsibility for the content, quality, and scientific
integrity of this CME activity.

Faculty Disclosure Policy Affecting CME Activities

As a provider accredited by the Accreditation Council for Continuing Medical Education (ACCME), it is the
policy of Johns Hopkins University School of Medicine to require the disclosure of the existence of any
significant financial interest or any other relationship a faculty member or a provider has with the manufacturer
(s) of any commercial product(s) discussed in this educational presentation. The presenting faculty reported as
indicated below:

 Dr. Spivak has no relationship with financial supporters.
» Dr. Frempong has no relationship with financial supporters.

 Dr. Johnson has indicated a financial relationship of grant/research support from the NIH and the NHLBI. He
has also acted as consultant to Novartis, SuperGen, Thios and Icagen.
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No faculty member has indicated that their presentation will include information on off-label products.

The opinions and recommendations expressed by faculty and other experts whose input is included in this
program are their own. This enduring material is produced for educational purposes only. Use of Johns
Hopkins University School of Medicine name implies review of educational format design and approach. Please
review the complete prescribing information of specific drugs or combination of drugs, including indications,
contraindications, warnings and adverse effects before administering pharmacologic therapy to patients.

Internet CME Policy

The Office of Continuing Medical Education (CME) at The Johns Hopkins University School of Medicine is
committed to protect the privacy of its members and customers. The Johns Hopkins University SOM CME
maintains its Internet site as an information resource and service for physicians, other health professionals and
the public.

Continuing Medical Education at The Johns Hopkins University School of Medicine will keep your personal and
credit information confidential when you participate in a CME Internet based program. Your information will
never be given to anyone outside The Johns Hopkins University School of Medicine's CME program. CME
collects only the information necessary to provide you with the service you request.
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