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Background: In adults with sickle cell disease (SCD), an increased

tricuspid regurgitant velocity (TRV) measured by Doppler
echocardiography, an increased serum N-terminal pro–brain
natriuretic peptide (NT-pro-BNP) level, and pulmonary
hypertension (PH) diagnosed by right heart catheterization (RHC)
are independent risk factors for mortality.
Methods: A multidisciplinary committee was formed by clinicianinvestigators experienced in the management of patients with PH
and/or SCD. Clinically important questions were posed, related
evidence was appraised, and questions were answered with evidencebased recommendations. Target audiences include all clinicians who
take care of patients with SCD.
Results: Mortality risk stratiﬁcation guides decision making. An
increased risk for mortality is deﬁned as a TRV equal to or greater than
2.5 m/second, an NT-pro-BNP level equal to or greater than 160 pg/ml,
or RHC-conﬁrmed PH. For patients identiﬁed as having increased
mortality risk, we make a strong recommendation for hydroxyurea as
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ﬁrst-line therapy and a weak recommendation for chronic transfusions
as an alternative therapy. For all patients with SCD with elevated
TRV alone or elevated NT-pro-BNP alone, and for patients with SCD
with RHC-conﬁrmed PH with elevated pulmonary artery wedge
pressure and low pulmonary vascular resistance, we make a strong
recommendation against PAH-speciﬁc therapy. However, for select
patients with SCD with RHC-conﬁrmed PH who have elevated
pulmonary vascular resistance and normal pulmonary capillary wedge
pressure, we make a weak recommendation for either prostacyclin
agonist or endothelin receptor antagonist therapy and a strong
recommendation against phosphodiesterase-5 inhibitor therapy.
Conclusions: Evidence-based recommendations for the

management of patients with SCD with increased mortality risk are
provided, but will require frequent reassessment and updating.
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Overview
Pulmonary hypertension (PH) and right heart
failure are well-established risk factors for
mortality in sickle cell disease (SCD).
Observational studies have consistently
shown that increased tricuspid regurgitant
jet velocity (TRV) measured by Doppler
echocardiography, an increased serum
N-terminal pro–brain natriuretic peptide
(NT-pro-BNP) level, and pulmonary
hypertension measured by right heart
catheterization are all independent risk factors
for mortality in adults. To reduce the
variability and to improve the quality of care
that patients with SCD receive, we developed
clinical practice guidelines to advise
hematologists, pulmonologists, cardiologists,
pediatricians, and internists about how to
identify and manage patients with SCD who
are at increased risk for mortality. We make
the following recommendations:
1. Risk stratiﬁcation guides clinical
decision making in SCD:
a. Mortality risk can be accurately
determined by noninvasive
measurement of the TRV via
Doppler echocardiography (see Table
E1 in the online supplement). (Note:
In children > 8 yr old the TRV
determines morbidity risk, rather
than mortality risk, and provides
a baseline for future comparisons.)
b. Serum NT-pro-BNP measurement is
a reasonable noninvasive alternative
when Doppler echocardiography is
either unavailable or cannot obtain
adequate images (Table E2). (Note:
Measurements may be misleading in
patients with renal insufﬁciency.)
c. Mortality risk can also be determined
invasively by direct hemodynamic
measurements via right heart
catheterization (RHC).
2. An increased risk for mortality is deﬁned as
a TRV > 2.5 m/second, an NT-pro-BNP
level > 160 pg/ml, or RHC-conﬁrmed
PH (a resting mean pulmonary arterial
pressure > 25 mm Hg). Hemodynamics
in PH of SCD may be consistent with preor postcapillary PH or have features of both.
3. For patients with SCD who have an
increased risk for mortality, we
recommend hydroxyurea (strong
recommendation, moderate-quality
evidence) (Table E3).
4. For patients with SCD who have an
increased risk for mortality and who
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either are not responsive to or not
candidates for hydroxyurea, we suggest
chronic transfusion therapy (weak
recommendation, low-quality evidence)
(Table E4).
For patients with SCD who have
RHC-conﬁrmed PH, venous
thromboembolism, and no additional
risk factors for hemorrhage, we suggest
indeﬁnite anticoagulant therapy rather
than a limited duration of therapy
(weak recommendation, low-quality
evidence) (Table E5).
For all patients with SCD who have
elevated TRV alone or elevated NT-proBNP alone, we recommend against
targeted PAH therapy (strong
recommendation, moderate-quality
evidence). Targeted PAH therapy
currently includes prostacyclin agonist,
endothelin receptor antagonist, and
phosphodiesterase-5 inhibitor therapy.
For most patients with SCD who have
RHC-conﬁrmed PH, we recommend
against targeted PAH therapy (strong
recommendation, moderate-quality
evidence).
For select patients with SCD who have
RHC-conﬁrmed marked elevation of
their pulmonary vascular resistance,
normal pulmonary artery wedge
pressure, and related symptoms, we
suggest a trial of either a prostacyclin
agonist or an endothelin receptor
antagonist (weak recommendation, very
low-quality evidence).
For patients with SCD who have RHCconﬁrmed marked elevation of their
pulmonary vascular resistance, normal
pulmonary artery wedge pressure, and
related symptoms we recommend
against phosphodiesterase-5 inhibitor
therapy as a ﬁrst-line agent (strong
recommendation, moderate-quality
evidence).

of PH in SCD is 6–11%, which is similar to
that observed in systemic sclerosis (1–3).
An elevated tricuspid regurgitant jet
velocity (TRV) detected by Doppler
echocardiography is a well-known indicator
of possible PH and predicts mortality in
patients with SCD. Studies indicate that
a TRV 2 standard deviations above the
normal age-adjusted mean value occurs in
approximately 30% of hemoglobin SS
(HbSS) and 10–25% of hemoglobin SC
(HbSC) adults. HbSS adults with even
a modest elevation in TRV have decreased
survival, estimated to be only 40% at 40
months (4–7). In addition, 10–20% of the
pediatric SCD population have an elevated
TRV, although the effects on survival are
unclear (8, 9).
Despite the prevalence of PH and an
elevated TRV in patients with SCD, as well
as the association of each with mortality,
a standardized approach to identifying and
managing such patients does not exist. To
reduce the variability and to improve the
quality of care that patients with SCD
receive, we developed clinical practice
guidelines to advise hematologists,
pulmonologists, cardiologists, pediatricians,
and internists about how to identify and
manage patients with SCD who are at
increased risk for mortality. The discussion
that follows describes the deﬁnition and
diagnosis of PH in SCD, mortality risk
assessment, and treatment. Epidemiology,
pregnancy, and issues related to the
pediatric population are reviewed in the
online supplement.

Methods
The methods used to develop this guideline
are summarized in Table 1 and described in
the online supplement.

How to Use These Guidelines
Introduction
Pulmonary hypertension (PH) is common
and associated with increased morbidity and
mortality in sickle cell disease (SCD)
(1, 2). In the past, many patients with SCD
died during childhood or early adulthood
before the development of PH. However,
now that SCD-speciﬁc therapies exist,
more patients are surviving long enough to
develop PH. Right heart catheterization
(RHC) studies indicate that the prevalence

These American Thoracic Society guidelines
about the diagnosis, risk stratiﬁcation,
and management of SCD-PH are not
intended to impose a standard of care. They
provide the basis for rational decisions in the
management of patients with SCD who
have an increased risk for death, as deﬁned
by an elevated TRV, elevated serum
N-terminal pro–brain natriuretic peptide
(NT-pro-BNP) level, or RHC-conﬁrmed
PH. Clinicians, patients, third-party payers,

American Journal of Respiratory and Critical Care Medicine Volume 189 Number 6 | March 15 2014

AMERICAN THORACIC SOCIETY DOCUMENTS
Table 1: Overview of Methods Used for Guideline Development
Yes No
Panel assembly
d Included experts for relevant clinical and nonclinical disciplines
d Included individual who represents the views of patients and society at large
d Included a methodologist with appropriate expertise (documented expertise
in conducting systematic reviews to identify the evidence base and the
development of evidence-based recommendations)
Literature review
d Performed in collaboration with librarian
d Searched multiple electronic databases
d Reviewed reference lists of retrieved articles
Evidence synthesis
d Applied prespeciﬁed inclusion and exclusion criteria
d Evaluated included studies for sources of bias
d Explicitly summarized beneﬁts and harms
d Used PRISMA1 to report systematic review
d Used GRADE to describe quality of evidence
Generation of recommendations
d Used GRADE to rate the strength of recommendations

X
X
X

X
X
X
X
X
X
X
X
X

Definition of abbreviations: GRADE = Grading of Recommendations Assessment, Development, and
Evaluation; PRISMA1 = Preferred Reporting Items for Systematic Reviews and Meta-Analyses,
version 1.

institutional review committees, other
stakeholders, or the courts should never
view these recommendations as dictates.
No guidelines and recommendations can
take into account all of the often compelling
unique individual clinical circumstances.
Therefore, no one charged with evaluating
clinicians’ actions should attempt to apply
the recommendations from these guidelines
by rote or in a blanket fashion. Statements
about the underlying values and
preferences as well as qualifying remarks
accompanying each recommendation are
its integral parts and serve to facilitate more
accurate interpretation. They should never
be omitted when quoting or translating
recommendations from these guidelines.

Deﬁnition of PH in SCD
PH is deﬁned as a resting mean pulmonary
arterial pressure (mPAP) equal to or
exceeding 25 mm Hg. Although 6–11%
of patients with SCD have PH by this
deﬁnition, the hemodynamics observed
vary across patients. As a result, soon to
be published guidelines for the diagnosis
and treatment of PH have placed it
within group 5 PH (10). In some patients,
there is predominantly precapillary PH.
In others, hemodynamics are more
consistent with postcapillary PH. Some
American Thoracic Society Documents

patients have hemodynamics with features
of both.
Precapillary PH associated with SCD is
deﬁned similarly to other types of group 1
PAH: an mPAP of at least 25 mm Hg
with a mean pulmonary artery wedge
pressure (PAWP) or left ventricular enddiastolic pressure less than or equal to
15 mm Hg, plus increased pulmonary
vascular resistance (PVR). However, what
constitutes increased PVR is different in
SCD-related PAH compared with other
types of group 1 PAH because patients with
SCD have an anemia-induced elevation of
their cardiac output and reduction in
their blood viscosity, which result in a lower
baseline PVR than observed in nonanemic
patients (11).
This is illustrated by the following
observations. In idiopathic PAH, increased PVR
is deﬁned as at least 240 dyn $ seconds $ cm25
(3 Wood units), which is 2 standard
deviations above the PVR of 80–120
dyn $ seconds $ cm25 (1 Wood unit) or
less observed in healthy volunteers.
However, three studies (2, 3, 12) that
measured hemodynamic values in adults
with SCD via RHC (Table 2) found that
adults without PH had a mean cardiac
output of 8–9 L/minute with a PVR of
72–74 (625–38) dyn $ seconds $ cm25. In
the absence of a consensus deﬁnition of
what constitutes an elevated PVR in SCD,
most clinicians consider values that are 2–3

standard deviations above normal
(i.e., approximately >160 dyn $ s $ cm25
[2 Wood units]) as indicative of a high PVR.
Postcapillary PH occurs in SCD when the
left atrial pressure and, therefore, the pulmonary
venous pressure (i.e., the mean PAWP or left
ventricular end-diastolic pressure) is greater
than 15 mm Hg (in the absence of mitral valve
disease) without an increase in PVR (13).
Patients with SCD frequently have
hemodynamics with features of both preand postcapillary PH. This is characterized
by a mean PAP of 25 mm Hg or more,
a PAWP greater than 15 mm Hg, and an
increased PVR. These patients often have
an elevated transpulmonary gradient or
PA diastolic pressure 2 pulmonary artery
wedge pressure difference (.12 mm Hg)
reﬂective of reactive precapillary PH (12).

Diagnosis of PH in SCD
Noninvasive tests are frequently performed
to determine whether or not PH might be
present. However, such tests are not
sufﬁciently accurate to replace direct
hemodynamic measurements in patients
with SCD. Therefore, the diagnosis of PH
requires RHC.
Doppler echocardiography is one such
noninvasive test (Figure 1). It evaluates the
heart for abnormalities suggestive of PH,
such as right atrial enlargement, right
ventricular dilation or hypertrophy,
tricuspid regurgitation, and/or a right-toleft septum shift. It also measures the TRV
and uses this to estimate the pulmonary
artery systolic pressure. Although an
attractive option because it is noninvasive
and readily available in most institutions,
Doppler echocardiography is imperfect as
a diagnostic test. This has been illustrated
by a study of a population of patients with
SCD with a prevalence of PH of 6%; the
positive predictive value for PH was only
25% among patients with a TRV of at least
2.5 m/second, although this improved to
64% when a TRV greater than 2.9 m/
second was used as the threshold instead.
The positive predictive value of Doppler
echocardiography was also improved by
combining it with other tests. The
combination of a TRV of at least 2.5 m/
second and either an NT-pro-BNP level
greater than 164 pg/ml or a 6-minute walk
distance less than 333 m improved the
positive predictive value to 62% (2).
Because only positive results were reported,
729
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Table 2: Hemodynamic Proﬁles of Patients with Sickle Cell Disease with or without
Pulmonary Hypertension: Three Cohorts*

NIH cohort
CVP, mm Hg
mPAP, mm Hg
PAWP, mm Hg
CO, L/min
CI, L/min/m2
PVR, dyn $ s $ cm25
French cohort
CVP, mm Hg
mPAP, mm Hg
PAWP, mm Hg
CO, L/min
PVR, dyn $ s $ cm25
Brazilian cohort†
mPAP, mm Hg
PAWP, mm Hg
CI, L/min/m2
PVR, dyn $ s $ cm25

PH

No PH

n = 56
10 6 5
36 6 9
16 6 5
863
561
229 6 149
n = 24
10 6 6
30 6 6
16 6 7
8.7 6 1.9
138 6 58
n=8
33.1 6 8.9
16.0 6 5.7
5 6 1.36
179 6 120

n = 30
663
19 6 4
12 6 3
962
561
74 6 38
n = 72
762
19 6 3
11 6 3
8.4 6 2.1
72 6 26
n = 18
18.7 6 2.8
13.3 6 2
4.9 6 1.7
64 6 48

P Value
,0.001
,0.001
,0.001
0.14
0.063
,0.001
,0.001
,0.001
,0.001
0.60
,0.001
,0.001
0.07
0.85
0.002

Definition of abbreviations: CI = cardiac index; CO = cardiac output; CVP = central venous pressure;
mPAP = mean pulmonary artery pressure; NIH = National Institutes of Health; PAWP = pulmonary
artery wedge pressure; PVR = pulmonary vascular resistance.
*From References 2, 3, and 12.
†
CVP data not provided for Brazilian cohort.

it is not possible to estimate how many
results were negative. In another study,
a TRV of at least 2.5 m/second identiﬁed
PH with a sensitivity and speciﬁcity of
78 and 19%, respectively. The sensitivity
decreased but the speciﬁcity increased
to 67 and 81%, respectively, when a TRV
of at least 2.88 m/second was used
instead (14).
Serum NT-pro-BNP measurement is
another noninvasive test that is imperfect
diagnostically. It is a marker of right and left
ventricular strain whose diagnostic
characteristics have not been extensively
studied. Most studies that evaluated the
diagnostic characteristics of NT-pro-BNP
were limited because they used an elevated
TRV as the reference standard for PH,
rather than direct hemodynamic
measurements. As an example, a study of
230 patients with SCD found that a serum
NT-pro-BNP level of at least 160 pg/ml
detected PH with a sensitivity and speciﬁcity
of 57 and 91%, respectively (15). Another
study of 84 patients with HbS/
b-thalassemia similarly reported that
a serum NT-pro-BNP level of at least
153.6 pg/ml identiﬁed PH with a sensitivity
and speciﬁcity of 85.7 and 94.6%,
respectively (16). Limitations of these
studies are that they did not use right heart
catheterization to deﬁne PH.
730

Additional details about the diagnostic
performance of Doppler echocardiography
and NT-pro-BNP are provided in the
online supplement, as are the roles of the
history, physical examination, chest
imaging, and laboratory and pulmonary
function testing in the evaluation of
suspected PH. Table 3 provides sample
questions that a provider can use to elicit
a history of dyspnea, and Figure 2
provides a suggested diagnostic algorithm
for PH of SCD.

Estimating Mortality Risk
in SCD
Conﬁrmed PH is an accepted risk factor
for mortality regardless of whether the
patient has SCD (12) or does not have
SCD. It should be noted that PH is an
independent risk factor for death in
a diverse array of human diseases, from
hereditable PH, to PH secondary to
systemic sclerosis, HIV infection, portal
hypertension, interstitial lung disease,
and chronic obstructive pulmonary
disease (17–24). The problem with using
RHC for primary screening risk
stratiﬁcation is that the approach is not
acceptable to many patients because it is
invasive and expensive. Noninvasive

alternatives include measurement of the
estimated pulmonary artery systolic
pressure (calculated from the TRV)
via Doppler echocardiography and
measurement of the serum NT-pro-BNP.
These tests identify patients at higher
risk of having PH by right heart
catheterization and for increased
mortality.
Doppler Echocardiography

We performed a systematic review to look
for studies that evaluated how accurately
Doppler echocardiography identiﬁes
patients with SCD with an increased
mortality risk (Table E6). The review
identiﬁed three studies in adults and one
in children (Figure E1 and Table E1)
(4, 9, 25, 26).
The ﬁrst study in adults reported that
the mortality risk among patients with
a TRV of at least 2.5 m/second was 10.1
(95% conﬁdence interval [CI], 2.2–47.0)
times greater than that observed among
patients with a TRV less than 2.5 m/second
(4). A follow-up analysis demonstrated that
the degree of TRV elevation correlated
with mortality: among patients with a TRV
of 2.5–2.9 m/second and patients with
a TRV of at least 3.0 m/second, the risk
ratio for mortality was 4.4 (95% CI,
1.6–12.2) and 10.6 (95% CI, 3.3–33.6),
respectively (27). These ﬁndings were
supported by two subsequent adult studies
that similarly found a 5.1 (95% CI,
2.0–13.3) to 5.9 (95% CI, 1.7–20.8) times
increased risk of mortality among patients
with a TRV of at least 2.5 m/second
(Table E1) (25, 26). The study in children
had few events (i.e., deaths) and, therefore,
could not detect a similar mortality risk
among children with an elevated TRV
(after only 22 mo of follow-up) (9). All of
the studies had wide conﬁdence intervals
around the estimates, indicating
uncertainty about the exact magnitude of
the increased risk of death among patients
with an increased TRV.
Assuming mortality rates of
approximately 2, 10, and 20% for adults with
a TRV less than 2.5 m/second, 2.5–2.9
m/second, and 3.0 m/second or more,
respectively (27), and a 42% (95% CI,
15–61%) relative reduction in mortality due
to hydroxyurea (Table E3), the expected
absolute mortality reduction due to
hydroxyurea therapy is 8 per 1,000 patients
(95% CI, 3–12) among adults with a TRV
less than 2.5 m/second, 42 per 1,000
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Figure 1. Echocardiogram of a patient with pulmonary hypertension related to sickle cell disease,
and determination of tricuspid regurgitant jet velocity. (A) As demonstrated in this echocardiogram
of a patient with an estimated pulmonary artery systolic pressure of 44 mm Hg, in patients with
pulmonary hypertension of sickle cell disease there is dilation of the right ventricular (RV) chamber so
that it is larger than the left ventricle (LV) with shift of the interventricular septum into the LV. (B)
Doppler flow of tricuspid regurgitation (demonstrated in blue) from the right ventricle (RV) into the right
atrium (RA). The velocity of this flow is measured and allows for calculation of an estimated pulmonary
artery systolic pressure. HR = heart rate; p = pressure; TR maxPG = peak gradient of tricuspid
regurgitation; TR Vmax = tricuspid regurgitation peak velocity; v = velocity.

patients (95% CI, 15–61) among adults
with a TRV of 2.5–2.9 m/second, and
84 per 1,000 patients (95% CI, 30–122)
among adults with a TRV of at least
3.0 m/second. These estimates should be
interpreted cautiously given the uncertainty
about the exact magnitude of the increased
risk of death among patients with an
increased TRV and the low conﬁdence
in the estimated reduction in mortality
with hydroxyurea (Table E3). Similar
calculations could be performed for the
American Thoracic Society Documents

other beneﬁts of hydroxyurea therapy
(i.e., decreased hospitalizations, fewer
vaso-occlusive crises, and fewer episodes
of acute chest syndrome) that are
described below.
The committee members routinely
perform risk stratiﬁcation on their patients
with SCD by measuring the TRV via
Doppler echocardiography. This reﬂects the
committee’s opinion, that the potential
for an at least 4% absolute reduction in
mortality (and the other effects of therapy)

among adults who are identiﬁed as having
a TRV of at least 2.5 m/second and are
then treated with hydroxyurea outweighs
the costs and burdens of testing, the impact
of erroneous test results (i.e., unnecessary
therapy for false-positive results), and
the risks of subsequent treatment
(i.e., neutropenia requiring temporary
discontinuation of therapy followed by dose
reduction). The committee also recognizes
that identiﬁcation of an increased mortality
risk affects the way a physician manages
a patient in ways that cannot be measured;
for example, the physician may more
aggressively manage coexisting diseases
and may also avoid some treatments of
comorbid diseases that could be hazardous
to the patient who is at higher mortality
risk. An elevated TRV also identiﬁes
patients at increased risk for a number of
conditions, such as venous thromboembolic
disease and sleep-disordered breathing,
with effective therapies. This is particularly
the case for pulmonary thromboembolic
disease. Patients with elevated TRV are at
higher risk of having a high-probability
ventilation–perfusion scan and chronic
thromboembolic pulmonary hypertension
(28), amenable to anticoagulation and
consideration of pulmonary endarterectomy.
The TRV should be measured by
Doppler echocardiography, using the same
conditions as the studies described previously,
because the TRV varies according to the
clinical status of the patient (i.e., the TRV may
be acutely and transiently increased during an
acute illness such as a vaso-occlusive crisis
[VOC] or acute chest syndrome [ACS]) (29).
Therefore, Doppler echocardiography should
be performed when the patient is in a stable
clinical state, deﬁned as more than 4 weeks
after hospitalization for ACS and more than
2 weeks after hospitalization for a VOC
or a blood transfusion that is part of a chronic
transfusion program.
The optimal frequency of Doppler
echocardiography is unknown. Longitudinal
studies of adults with SCD suggest
that 13% of those with a normal
echocardiogram develop an elevated TRV
after approximately 3 years of follow-up
(5). On the basis of these studies,
echocardiography every 1 to 3 years
seems reasonable.
In children, we perform a Doppler
echocardiogram to obtain a baseline
for subsequent comparisons and to
identify children who have an increased
morbidity risk (the Pulmonary Hypertension
731
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Table 3: Sample Questions for
Evaluation of Dyspnea
1. Do you get short of breath at rest?
2. Do you get short of breath with minimal
exertion? (e.g., walking across a room,
doing light housework, putting on your
shoes, talking on the telephone)
3. How far can you walk before stopping
due to shortness of breath?
4. How far can you walk on an incline
before stopping?
5. How many ﬂights of stairs can you climb
before stopping?
6. For how long have you felt short of
breath?
7. Do you have chest pain with exertion?
8. Do you have any trouble breathing while
you sleep or lie ﬂat in bed?
9. Have you ever passed out?
10. Have you ever felt you were about to
pass out?
11. Do you have any dizziness or
light-headedness at rest or with
exertion?
12. Do you have swelling in your legs?
13. Do you have swelling in your abdomen?

and the Hypoxic Response in Sickle Cell
Disease [PUSH] trial demonstrated that
children and adolescents with an elevated
TRV and severe hemolytic anemia were at
highest risk for a decreased 6-minute walk
distance after 2 years of follow-up [9]).
N-Terminal Pro–Brain
Natriuretic Peptide

We performed similar systematic reviews of
the literature to identify evidence relevant to
the use of NT-pro-BNP levels to assess
mortality risk in patients with SCD (Table
E7). Two relevant studies were identiﬁed
(15, 30) (Figure E2 and Table E2), one of
which included two separate cohorts of
consecutive adults with SCD. In one cohort,
the degree of NT-pro-BNP elevation
correlated with mortality: among patients
with an NT-pro-BNP level not exceeding
30 pg/ml, 31–159 pg/ml, and at least 160
pg/ml, respectively, mortality was 6, 7, and
26%. The mortality risk among adults
with an NT-pro-BNP level of at least
160 pg/ml was 5.1 (95% CI, 2.1–12.5) times
greater than that observed among
patients with an NT-pro-BNP level less
than 160 pg/ml. In the other cohort, the
degree of NT-pro-BNP elevation also
correlated with mortality: among patients
with an NT-pro-BNP level not exceeding
30 pg/ml, 31–159 pg/ml, and at least
160 pg/ml, respectively, mortality was 6, 17,
and 49%. The risk of mortality was 2.9
732

(95% CI, 1.2–6.6) times greater among
patients with an NT-pro-BNP level of at
least 160 pg/ml compared with those with
lower levels of NT-pro-BNP (15). These
ﬁndings were conﬁrmed by a study of 330
adults recruited as part of the Cooperative
Study of Sickle Cell Disease, in which an
NT-pro-BNP level of at least 160 pg/ml was
associated with a relative risk of death of
6.24 (95% CI, 2.9–13.3) compared with
those with lower levels (30).
Assuming mortality rates of 6, 7, and
26% for adults with an NT-pro-BNP level
not exceeding 30 pg/ml, 31–159 pg/ml,
and at least 160 pg/ml, respectively, and
a 40% relative reduction in mortality due to
hydroxyurea (Table E3), the expected
absolute mortality reduction due to
hydroxyurea is 24 per 1,000 patients among
adults with an NT-pro-BNP level not
greater than 30 pg/ml, 28 per 1,000
patients among adults with an NT-proBNP level of 31–159 pg/ml, and 104 per
1,000 patients among adults with an NTpro-BNP level of at least 160 pg/ml. These
estimates should be interpreted cautiously
given the uncertainty about the magnitude
of the increased risk of death among
patients with an increased NT-pro-BNP
level and the low conﬁdence in the
estimated reduction in mortality with
hydroxyurea. Similar calculations could be
performed for the other beneﬁts of
hydroxyurea therapy (i.e., decreased
hospitalizations, fewer vaso-occlusive
crises, and fewer episodes of acute chest
syndrome) that are described below.
Serum NT-pro-BNP is generally
measured in adults with SCD when Doppler
echocardiography is either unavailable or
unable to obtain adequate images. In the
committee’s opinion, the anticipated 10.4%
(or more) absolute reduction in mortality
(and the other effects of therapy) among
adults who are identiﬁed as having an
NT-pro-BNP level of at least 160 pg/ml
and are then treated with hydroxyurea
outweighs the costs and burdens of testing,
the impact of erroneous test results
(i.e., unnecessary therapy for false-positive
results), and the risks of subsequent
treatment (i.e., neutropenia requiring
temporary discontinuation of therapy
followed by dose reduction). The
committee also recognizes that
identiﬁcation of an increased mortality
risk affects the way a physician manages
a patient in ways that cannot be measured;
for example, the physician may more

aggressively manage coexisting diseases
and may also avoid some treatments
of comorbid diseases that could be
hazardous to the patient who is at higher
mortality risk.
An important exception to our
recommendation is patients with renal
disease. Renal dysfunction is independently
associated with high NT-pro-BNP levels
(15, 30) and, thus, testing is more likely to
provide false-positive results in patients
with renal dysfunction than in patients with
normal renal function. In such patients, it is
possible that the undesirable consequences
of false-positive results (i.e., unnecessary
therapy and the risks associated with it)
might exceed the beneﬁts of NT-pro-BNP
testing. Until the impact of renal
dysfunction on NT-pro-BNP levels is
further studied, we suggest that NT-proBNP testing not be used in patients with
renal dysfunction.
Rationale for Risk Stratiﬁcation

Identifying patients at increased risk for
mortality is important because it guides
decision making. Speciﬁcally, it identiﬁes
patients who may beneﬁt from SCDspeciﬁc therapies that have been shown
to improve outcomes in patients with
various complications of SCD, as
illustrated previously with hydroxyurea.
Risk stratiﬁcation also allows patients

Conclusions from the
Committee:
d

d

d

d

Risk stratiﬁcation guides decision
making.
Mortality risk can be determined
by noninvasive measurement
of the TRV via Doppler
echocardiography.
Serum NT-pro-BNP measurement
is a reasonable noninvasive
alternative if Doppler
echocardiography is either
unavailable or cannot obtain
adequate images. (Note:
Measurements may be misleading
in patients with renal insufﬁciency.)
Mortality risk can also be
determined invasively by direct
hemodynamic measurements via
right heart catheterization.
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Figure 2. Proposed algorithm for evaluation of pulmonary hypertension related to sickle cell disease. 6MWD = 6-minute walk distance;
ANA = anti-nuclear antibody; CXR = chest X-ray; EKG = electrocardiogram; LFTs = liver function tests; mPAP = mean pulmonary artery pressure;
NT-pro-BNP = N-terminal pro–brain natriuretic peptide; PAWP = pulmonary artery wedge pressure; PH = pulmonary hypertension; PVR = pulmonary
vascular resistance; SCD = sickle cell disease; TRV = tricuspid regurgitant jet velocity. 1Note: The use of the term screening refers to mortality risk
assessment. Echocardiography should be performed while patients are clinically stable. Patients with an mPAP between 20 and 25 mm Hg need
further study as they may be at increased mortality risk. Note: PAH therapy is to be considered on the basis of a weak recommendation and very
low-quality evidence.

to anticipate their future health
care needs.

Treatment of Patients with
SCD Who Have Increased
Mortality Risk
Patients with SCD who have been
determined to have an increased mortality
risk (i.e., TRV > 2.5 m/s, NT-pro-BNP >
160 pg/ml, or RHC-conﬁrmed PH) may
beneﬁt from referral to an experienced
PH center (preferably with expertise in
SCD as well) so that they can be comanaged
by clinicians with experience in both PH
and SCD.
Hydroxyurea

Mild SCD genotypes (such as HbSC) have
a lower prevalence of PH and mortality than
severe SCD genotypes (such as HbSS).
This suggests that decreasing sickle cell
formation and hemolysis (31–33) may
improve PH and mortality in patients with
American Thoracic Society Documents

SCD. Hydroxyurea (HU) is an agent that
has been shown to reduce both sickle cell
formation and hemolysis.
We performed a systematic review of
the literature to identify studies pertinent to
the decision about whether patients with
SCD with an increased risk for mortality
(i.e., TRV > 2.5 m/s, NT-pro-BNP > 160
pg/ml, or RHC-conﬁrmed PH) should be
treated with HU. Our search and selection
criteria are shown in Table E8. The
search criteria were intentionally broad
because we anticipated that there would be
minimal direct evidence and, therefore,
we wanted to capture relevant indirect
evidence. The review identiﬁed three
relevant randomized trials (34–36) and two
case series (37, 38) (Figure E3).
The largest trial (the Multicenter
Study of Hydroxyurea in Sickle Cell
Anemia [MSH] trial) randomly assigned
299 adults with SCD (HbSS genotype) and
three or more VOC per year to receive HU
or placebo (35). Patients who received HU
were less likely to have an episode of ACS,

had a lower annual rate of VOC, had
a longer duration until their ﬁrst and
second crises, and required fewer
transfusions.
With respect to mortality, there was
no difference in mortality during the trial
(2 of 152 [1.3%] vs. 5 of 147 [3.4%]).
However, during a subsequent extension
study, there was a signiﬁcant reduction in
mortality at 9 years among patients who
received HU for at least 1 year compared
with those who either did not receive HU or
received HU for less than 1 year (21 vs.
36.3%; relative risk [RR], 0.58; 95% CI,
0.39–0.85). Similarly, at 17 years, there was
a signiﬁcant decrease in mortality when
patients who received HU for at least 5
years were compared with those who either
did not receive HU or who received HU
for less than 5 years (30.4 vs. 51.1%; RR,
0.60; 95% CI, 0.44–0.81). At both 9 and
17 years, there was no signiﬁcant difference
in mortality when patients who received
HU for any duration were compared with
patients who never received HU, suggesting
733
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that prolonged therapy may be necessary
to achieve a clinical beneﬁt (39, 40).
Patients who received HU during the
MSH trial also had improvement in some
measures of quality of life (i.e., social
function and general health perception)
(37). Hydroxyurea therapy was not
associated with an increased incidence of
birth defects (38), infection (40), stroke
(40), or neoplasia (40). Bone marrow
suppression (i.e., decreased counts in one
or more cell lines) occurred in most
patients, but resolved within 2 weeks of
temporary discontinuation of therapy
(40). Therapy was later resumed at
a lower dose.
Another trial enrolled 25 children and
young adults with SCD (HbSS genotype)
and a history of at least three VOC over the
previous year, stroke, or ACS (36). The
patients were randomly assigned to receive
HU or placebo for 6 months and then
crossed over to the other arm of the trial;
those who received HU were signiﬁcantly
less likely to require hospitalization.
Adverse effects were not reported, although
there was a signiﬁcant decrease in the
neutrophil count following the initiation of
HU therapy (from a mean of 12.47 3 109/L
to a mean of 8.90 3 109/L).
Finally, a trial that randomly assigned
193 very young (,18 mo) children with
SCD (HbSS genotype) to receive either HU
or placebo found that HU decreased
hospitalizations, episodes of VOC, and
episodes of ACS (34). Mild to moderate
neutropenia (i.e., an absolute neutrophil
count of 500–1,249/mm3) was signiﬁcantly
more common among the HU group (46.9
vs. 18.6%; RR, 2.53; 95% CI, 1.58–4.03)
and required long-term dose reductions in
nine patients. Severe neutropenia
(i.e., absolute neutrophil count , 500/
mm3) was rare and not complicated by
infection. There were no other adverse
effects reported.
On the basis of these studies, it is widely
accepted that HU is indicated for patients
with SCD who have the HbSS genotype and
least three VOC per year or at least one
episode of ACS (41). Our consensus is that
the studies are also applicable to patients
with an increased risk for mortality
(i.e., TRV > 2.5 m/s, NT-pro-BNP > 160
pg/ml, or RHC-conﬁrmed PH). This
reﬂects our recognition that VOC, ACS,
PH, elevated TRV, and elevated NT-proBNP are all established independent risk
factors for death among patients with SCD.
734

Furthermore, there is now a wellcharacterized interaction between acute
episodes of ACS and death from PH and
cor pulmonale in patients with sickle cell
disease (2). ACS and VOC increase
pulmonary pressures acutely and can
precipitate right-sided heart failure;
patients with ACS and right heart failure
are at increased risk of death both during
and after that hospitalization (2, 29). A
history of heart failure was an independent
risk factor for mechanical ventilation in
patients with ACS in the National Acute
Chest Syndrome Study Group (odds ratio,
0.67; 95% CI, 2.1–22.3; P = 0.002) (42) and
both VOC and ACS increase the risk for
mortality in patients with SCD with PH
(12). Both these study results and the
experience of the committee members
strongly suggest that intermittent
episodes of acute chest syndrome clearly
worsen outcomes of patients with
established PH and right heart
dysfunction, and this can be prevented by
HU therapy.
The committee recognizes that the use
of such indirect evidence to inform
judgments is controversial, with some
individuals contending that the
indirectness is so minor that it should have
no impact on our conﬁdence in the
estimated effects and others arguing that
the indirectness is so profound that the
evidence should not be used. The ﬁnal
judgment of the committee was to
compromise; that is, to apply the evidence
in our decision making, but to lower
the quality of evidence to reﬂect the
indirectness of the population. The case
series support this extrapolation of
evidence, ﬁnding that HU treatment of
patients with SCD with elevated TRV
produces a decline in TRV (31, 32). This
occurred most often in children and young
adults with a mild TRV elevation in
whom HU increased the fetal hemoglobin
to more than 20%.
We recommend HU therapy for HbSS
patients who have an increased risk for
mortality (i.e., TRV > 2.5 m/s, NT-proBNP > 160 pg/ml, or RHC-conﬁrmed PH)
because the numerous desirable
consequences of HU therapy (12.3%
decrease in 9-yr mortality, 23% reduction
in hospitalizations, 15.4% fewer episodes
of ACS, and fewer episodes of VOC)
substantially outweigh the undesirable
consequences (bone marrow suppression,
cost, and burden) (Table E3). The bone

marrow suppression is generally mild,
resolves when the HU is held, and is
managed by dose reduction.
The recommendation is strong because
the committee is certain that the desirable
effects of HU outweigh the undesirable
effects in the population for which the
recommendation is intended. Our certainty
derives from both the greater patientimportance of the desirable consequences
than the undesirable consequences, as well
as our moderate conﬁdence in the estimated
effects. The quality of evidence is
moderate because our critical outcomes
were estimated from randomized trials
downgraded for indirectness of the
population (Table E3).

Recommendation: For patients with
SCD who have an increased risk for
mortality, we recommend hydroxyurea
therapy (strong recommendation,
moderate-quality evidence).
Remarks: We deﬁne an increased risk
for mortality as a TRV of >2.5 m/
second, an NT-pro-BNP level of >160
pg/ml, or RHC-conﬁrmed PH.
Values and preferences: This
recommendation attaches a relatively
high value to the potential beneﬁts
from therapy and a lower value to the
risks and burdens of therapy.

Chronic Transfusion Therapy

Chronic scheduled transfusion of packed
red blood cells is effective in reducing
most complications of SCD by decreasing
both the burden of sickle erythrocytes
and the hemolytic rate (33). The HbS
level can be reduced to less than 50%
within weeks by simple transfusions or
within hours by erythrocytapheresis, as
opposed to the months usually required
for the gradual titration of HU to reach
optimal fetal hemoglobin levels. A goal
hemoglobin concentration of 10–12 g/dl
is often attainable via chronic
transfusion therapy.
We performed a systematic review of
the literature to identify studies pertinent
to the decision about whether patients
who have SCD and either RHC-conﬁrmed
PH or an increased risk for mortality
(i.e., TRV > 2.5 m/s or NT-pro-BNP >
160 pg/ml) should be managed with
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chronic transfusion therapy. Our search
and selection criteria are listed in Table E9.
The search criteria were intentionally
broad because we anticipated that there
would be minimal direct evidence and,
therefore, we wanted to capture relevant
indirect evidence. The review identiﬁed
two relevant randomized trials, the Stroke
Prevention in Sickle Cell Anemia (STOP)1 and -2 trials (43–45); and a case series
(46, 47) (Figure E4). Long-term follow-up
reports of the STOP-1 trial were also
identiﬁed (45, 48).
Both randomized trials enrolled
children with SCD and a transcranial
Doppler velocity greater than 200 cm/
second in the middle cerebral or internal
carotid artery, ﬁndings that place them at
increased risk for a stroke. The trials
compared mortality and stroke rates among
children who received either chronic
transfusion therapy or standard care.
Chronic transfusion therapy signiﬁcantly
reduced the stroke rate (1 vs. 12%; odds
ratio, 0.10; 95% CI, 0.02–0.58), but had no
effect on mortality (48). Long-term followup of patients from the STOP-1 trial
suggested that chronic transfusions may
improve children’s growth (49) and
reduced the frequency of ACS and VOC
(50) (Table E4).
Chronic transfusion therapy is
warranted in children with SCD with an
increased risk for stroke, according to
these trials. Our consensus is that these
results are also applicable to patients with
SCD with an increased risk for mortality
(i.e., RHC-conﬁrmed PH, TRV > 2.5 m/s,
or NT-pro-BNP > 160 pg/ml). This is
based on a rationale similar to that
provided previously for HU. Speciﬁcally,
we recognize that stroke risk, VOC, ACS,
PH, elevated TRV, and elevated NT-proBNP are associated with increased risk of
mortality. Chronic transfusion therapy
reduces vaso-occlusive and acute chest
syndrome events as well as hemolysis;
thus, it is likely that chronic transfusion
therapy will beneﬁt patients with any of
these complications of SCD. A similar
argument for preventing intercurrent
ACS and VOC events in the patient with
PH and right heart failure is considered.
This extrapolation of evidence is
supported by a case series of patients with
SCD with PH that reported that
maintaining HbS at 30–50% via chronic
red cell transfusion improved the TRV
(47). One caveat to keep in mind is that
American Thoracic Society Documents

chronic transfusions may reduce the
response to HU.
Risks of chronic transfusion therapy
include febrile reactions, allergic
reactions, hemolytic reactions, and
volume overload. Such adverse effects
collectively occur in 15% of patients. Red
cell alloimmunization is another
consequence of chronic transfusion
therapy, occurring in 11% of patients.
Alloimmunization can be reduced by
matching for the red cell antigens D, C, E,
and Kell. Iron accumulates in all patients
who receive chronic transfusions, with
the magnitude of accumulation
correlating with the volume transfused.
In a series of 45 patients with SCD who
received chronic transfusions for SCD,
most patients exhibited a serum ferritin
level greater than 1,000 ng/ml by the time
they had been transfused with 100 ml/kg,
and all patients exhibited a serum
ferritin level greater than 1,000 ng/ml by
the time they had been transfused with
200 ml/kg. Among patients who received
a cumulative transfusion volume greater
than 250 ml/kg, 44% reached a serum
ferritin level greater than 3,000 ng/ml,
whereas the remaining 56% reached
a plateau at a serum ferritin level less
than 3,000 ng/ml (51). Iron overload
may be minimized by the aggressive
use of iron chelators (deferasirox,
deferoxamine) or by replacing
simple transfusion therapy with
erythrocytapheresis.
We suggest chronic transfusion therapy
for patients with SCD who have an
increased risk for mortality (i.e., RHCconﬁrmed PH, TRV > 2.5 m/s, or NT-proBNP > 160 pg/ml), and who are not
responsive to or are not candidates for
HU therapy. This reﬂects our judgment
that the desirable consequences of
chronic transfusion therapy (11% fewer
strokes, an 18.1% decrease in episodes
of ACS, and an 8.3% decrease in
episodes of VOC) outweigh the
undesirable consequences (cost, burden,
11% incidence of alloimmunization, and
15% frequency of minor adverse effects,
including febrile reactions, allergic
reactions, hemolytic reactions, and
volume overload) (Table E4). The
recommendation is weak, reﬂecting
the committee’s recognition that the
desirable and undesirable effects are
ﬁnely balanced, and that the estimated
effects are based on low-quality

evidence (two randomized trials
downgraded for indirectness of the
population and imprecision) (Table E4).

Recommendation: For patients with
SCD who have an increased risk for
mortality and who are either are not
responsive to hydroxyurea or not
candidates for hydroxyurea, we
suggest chronic transfusion therapy
(weak recommendation, low-quality
evidence).
Remarks: We deﬁne an increased risk
for mortality as a TRV of >2.5 m/
second, an NT-pro-BNP level of >160
pg/ml, or RHC-conﬁrmed PH.

Chronic Anticoagulant Therapy

SCD is associated with an increased risk of
both large and small vessel pulmonary
embolism (52–58), as well as an increased
risk for intracerebral hemorrhage. Shortterm anticoagulant therapy is widely
accepted for most patients with acute
venous thromboembolism (VTE), but the
opposing tendencies toward both VTE and
hemorrhage make decisions about longterm anticoagulation challenging. These
decisions are even more complicated in
patients with SCD with PH because such
patients are less likely to tolerate recurrent
VTE.
We performed a systematic review of
the literature to identify studies that
compared indeﬁnite anticoagulant
therapy with a shorter duration of
anticoagulant therapy in patients with
SCD-related PH and VTE. Our review did
not identify any relevant studies, so we
broadened our selection criteria to identify
studies that performed the same
comparison in patients with SCD (with or
without PH) and VTE. Again, our
review did not identify any relevant
studies. Our search and selection criteria
are listed in Tables E10 and E11.
Given the paucity of evidence regarding
the beneﬁts versus risks of indeﬁnite
anticoagulant therapy in patients with SCD
and VTE, we sought evidence from
heterogeneous populations of patients with
VTE. We did not perform our own
systematic review; rather, we updated a welldone published systematic review (59). Four
randomized trials were identiﬁed that
compared long-term anticoagulant therapy
735
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(i.e., uninterrupted therapy until the end
of the trial) with a limited duration of
therapy (60–63). A meta-analysis found
that patients who received indeﬁnite
anticoagulant therapy had fewer recurrent
VTE events (3.5 vs. 17.3%; RR, 0.16; 95%
CI, 0.06–0.41) and a trend toward lower
mortality (2.8 vs. 5.0%; RR, 0.56; 95% CI,
0.31–1.01). This was partially offset by an
increase in major bleeding (3.3 vs. 0.9%;
RR, 3.14; 95% CI, 1.27–7.77). After the
cessation of anticoagulant therapy, the risk
of recurrent VTE appears to increase,
regardless of treatment duration (59).
We suggest indeﬁnite anticoagulant
therapy for patients with RHC-conﬁrmed
PH plus VTE, and no additional risk
factors for bleeding. This reﬂects the
committee’s judgment that the upsides of
indeﬁnite anticoagulation (13.8% less
recurrent VTE and, possibly, lower
mortality) outweigh the downsides (2.4%
increased bleeding risk, cost, and burden
of monitoring) in most patients with
SCD-related PH and VTE. The
recommendation is weak because it is
based on low-quality evidence
(randomized trials downgraded for
indirectness of the population and
imprecision) and we recognize that some
patients and providers may not ﬁnd the
risk of major bleeding to be an acceptable
trade-off for reducing the likelihood of
recurrent VTE and, possibly, mortality
(i.e., the potential beneﬁts and risks are
ﬁnely balanced).

Recommendation: For patients with
SCD who have RHC-conﬁrmed PH,
venous thromboembolism, and no
additional risk factors for bleeding, we
suggest indeﬁnite anticoagulant
therapy rather than a limited duration
of therapy (weak recommendation,
low-quality evidence).
Values and preferences: This
recommendation attaches a relatively
high value to the prevention of
recurrent venous thromboembolic
events and a lower value to the risks
and burdens of anticoagulant therapy.

Associated Conditions

Standard care for patients with SCDrelated PH is similar to that for patients
736

with other forms of PH. Hypoxemia is
treated with supplemental oxygen to
maintain an arterial oxyhemoglobin
saturation of at least 90% at rest, with
exertion, and during sleep (13). Proteinuria
and microalbuminuria are common in
SCD-related PH (26) and may improve
with angiotensin-converting enzyme
inhibitors (64). Suspected obstructive sleep
apnea is evaluated via polysomnography
and treated accordingly. In a small case
series of children with SCD, treatment of
obstructive sleep apnea, nocturnal
hypoxemia, and asthma reduced the
elevated TRV, suggesting that mortality
risk can be modiﬁed by early intervention
(65). Diuretics are used to treat right
ventricular volume overload (13), but this
must be done carefully to minimize the
risk of volume depletion–induced
erythrocyte sickling. The risk of this
occurring may be reduced by HU or
chronic transfusions with concomitant
treatment for iron overload.
Targeted PAH Therapy

Targeted PAH therapy refers currently
to treatment with prostacyclin agonists (e.g.,
epoprostenol, treprostinil, iloprost),
endothelin receptor antagonists (e.g.,
bosentan, macitentan, ambrisentan), soluble
guanylate cyclase stimulators (e.g.,
riociguat), or phosphodiesterase-5
inhibitors (e.g., sildenaﬁl, vardenaﬁl,
tadalaﬁl). To identify evidence related to
targeted PAH therapy in patients with SCDrelated PH, a systematic review was
performed, using the search and selection
criteria shown in Table E12). Three
randomized trials and four case series were
identiﬁed (Figure E5).
Two of the trials compared treatment
with bosentan to placebo in patients with
SCD with RHC-deﬁned precapillary PH
(the ASSET-1 trial) or postcapillary PH with
a PVR of at least 100 dyn $ seconds $ cm25
(the ASSET-2 trial) (66). After the
randomization of only 14 subjects in
ASSET-1 and 12 patients in ASSET-2, the
trials were prematurely terminated because
of sponsor’s withdrawal of support for the
study. Although few patients were enrolled,
there were no apparent toxicity issues.
The third trial, Walk-PHaSST (Pulmonary
Hypertension and Sickle Cell Disease with
Sildenaﬁl Therapy) (67), compared the safety
and efﬁcacy of sildenaﬁl with that of placebo
in patients with SCD with a TRV of at least
2.7 m/second. After 74 (of a targeted 132)

subjects were enrolled, the study was
prematurely discontinued because of an
increase in serious adverse events in the
sildenaﬁl group, primarily hospitalization
for pain.
These trials were judged by the
committee to be insufﬁcient to determine
whether or not patients with SCD with an
RHC-conﬁrmed marked elevation of the
PVR with normal PAWP should receive
targeted PAH therapy, for two reasons.
First, the trials collectively included only 14
patients with an elevated PVR and normal
PAWP by RHC (fewer than half of
whom actually received targeted PAH
therapy); the remaining patients had either
postcapillary PH alone or elevated TRV
alone. Second, as a result of the small
sample size, there were few events and the
estimated effects were imprecise.
Given the serious limitations of the
randomized trials, the committee decided
that its judgments regarding whether
targeted PAH therapy is indicated in
patients with SCD with an elevated PVR
and normal PAWP should be informed by
indirect evidence from group 1 PAH
populations and our own clinical
experience. In group 1 patients with PAH,
it has been well established by metaanalyses of randomized trials that targeted
PAH therapy consistently improves
exercise capacity, functional status,
symptoms, cardiopulmonary
hemodynamics, and outcome (68–70).
This indirect evidence is supported by four
case series in which patients with SCD
with RHC-conﬁrmed precapillary PH
received targeted PAH therapy with
bosentan, sildenaﬁl, and/or epoprostenol.
Targeted PAH therapy was associated with
improvement in exercise capacity, with
the 6-minute walk distance increasing 41
to 144 m beyond baseline (71–74). There
were also improvements in the mean PAP,
PVR, and cardiac index, although these
parameters were measured in only a few
patients (74). The magnitude of the
beneﬁts was greatest among symptomatic
patients. The most common adverse
effects were headache (15%) and
peripheral edema (21%); transaminase
elevation was reported in 14% of patients
during endothelin receptor antagonist
therapy (71–74).
Although sildenaﬁl has been shown
to produce clinical and hemodynamic
improvement compared with placebo in
a small number of non-SCD patients with
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PVH due to diastolic dysfunction, this
needs to be studied in a larger population
before this becomes widely accepted (75).
Targeted PAH therapy has never been
shown to beneﬁt patients with elevated
TRV alone or elevated NT-pro-BNP
alone.
After taking the evidence and the
committee’s collective clinical experience
into consideration, we recommend against
targeted PAH therapy for all patients with
SCD who have elevated TRV alone, or an
elevated NT-pro-BNP level alone, and for
most patients with SCD and RHCconﬁrmed PH, because targeted PAH
therapy has not been shown to be beneﬁcial
in such patients. Therefore, the risks, costs,
and burdens may exceed the beneﬁts. The
recommendation is strong, to emphasize
the importance of avoiding costly and
potentially harmful therapies in the absence
of evidence of a beneﬁt.

Recommendation: For all patients
with SCD who have elevated TRV
alone, or elevated NT-pro-BNP alone,
and for most patients with SCD who
have RHC-conﬁrmed PH, we
recommend against targeted PAH
therapy (strong recommendation,
moderate-quality evidence).
Remarks: Targeted PAH therapy
refers to prostacyclin agonist,
endothelin receptor antagonist, soluble
guanylate cyclase stimulator, and
phosphodiesterase-5 inhibitor therapy.
Values and preferences: This
recommendation places a greater value
on avoiding expensive and potentially
harmful agents in patients who may not
beneﬁt and a lower value on avoiding
the complications of invasive
hemodynamic testing by using
noninvasive results for decision
making.
In carefully selected symptomatic
patients with RHC-conﬁrmed
hemodynamics demonstrating elevated
PVR and normal PAWP, however, we
suggest targeted PAH therapy with either
a prostacyclin agonist or an endothelin
receptor antagonist. This reﬂects our
judgment that the beneﬁts of such therapies
(i.e., improved exercise capacity and
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hemodynamic measures) likely outweigh
the cost, burdens, and risks (i.e., headache
and peripheral edema) in most patients. The
recommendation is weak because the low
quality of evidence (randomized trials
downgraded for indirectness of the
population and imprecision of the estimated
effects, as well as case series) allows little
conﬁdence in the estimated effects of
targeted PAH therapy and, therefore, in the
balance of beneﬁts versus harms in this
population.

Recommendation: For select patients
with SCD who have an RHCconﬁrmed marked elevation of their
pulmonary vascular resistance, normal
pulmonary artery wedge pressure, and
related symptoms, we suggest a trial
with either a prostacyclin agonist or an
endothelin receptor antagonist (weak
recommendation, low-quality
evidence).
Remarks: This group of patients with
SCD is characterized by a mean
pulmonary arterial pressure (mPAP)
of >25 mm Hg with a pulmonary
artery wedge pressure , 15 mm Hg,
plus increased pulmonary vascular
resistance (PVR) of >160 dyn $
seconds $ cm25 (2 Wood units).
Patients with SCD who have
conﬁrmed PH are now categorized as
being within WHO group 5, instead of
WHO group 1. As a result, use of
targeted PAH therapy in such patients
is considered off-label.
Values and preferences: This
recommendation places a greater value
on improving symptoms and
hemodynamic measures and a lower
value on the costs, burdens, and risks
of therapy.

In contrast, we recommend against
phosphodiestase-5 inhibitor therapy in light
of the harmful effects of sildenaﬁl in the
Walk-PHaSST trial described previously.
The recommendation is strong to emphasize
the importance of avoiding harmful
therapies, especially when alternative agents
are available. As the soluble guanylate
cyclase stimulators have never been
studied in SCD, we cannot comment on

their use in this patient group, but
have similar concerns related to the
observations with phosphodiesterase-5
inhibitor therapy.

Recommendation: For patients with
SCD who have an RHC-conﬁrmed
marked elevation of their pulmonary
vascular resistance, a normal
pulmonary artery wedge pressure, and
related symptoms, we recommend
against phosphodiesterase-5 inhibitor
therapy as a ﬁrst-line treatment
(strong recommendation, moderatequality evidence).
Remarks: The recommendation is
based on the observation that
phosphodiesterase-5 inhibitor therapy
may increase the risk of
hospitalization for vaso-occlusive
crisis.
Values and preferences: This
recommendation places a higher value
on avoiding serious complications and
a lower value on symptomatic and
hemodynamic improvement.

Future Directions
These guidelines reﬂect the
complexity and caveats of pulmonary
hypertension in sickle cell disease and are
reﬂective of the current state of the
literature as of 2014. We anticipate that
changes to this document will need
to be made in the future as our
understanding of this disease grows. In
the future, the management of patients
with SCD with an increased risk for
mortality and PH is certain to include
collaboration across the disciplines of
adult and pediatric pulmonary
medicine, cardiology, and hematology.
Controlled clinical trials for the
treatment of such patients are
needed, particularly trials that
evaluate combination therapy targeting
the hemoglobinopathy and pulmonary
vasculopathy of these patients.
Continued research is expected to lead to
earlier disease detection and enhanced
treatment strategies to improve the
prognosis and quality of life for these
patients. n
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