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ABSTRACT

Background and Objectives

Pulmonary hypertension (PH) is increasingly observed in sickle cell disease (SCD) and
B-thalassemia (B-thal), but there is no information on its prevalence in patients with
HbS/pB-thal. The amino-terminal fragment of B-type natriuretic peptide (NT-proBNP) is
considered as an independent prognostic factor in PH. The aim of this study was to
evaluate the incidence of PH and its correlation with clinical and laboratory findings,
including NT-proBNR in patients with HbS/B-thal.

Design and Methods

We studied 84 HbS/B-thal patients; 51% had been receiving hydroxyurea for a medi-
an time of 9 years. The presence of PH was evaluated using Doppler echocardiogra-
phy and NT-proBNP serum levels were determined by an electrochemiluminescence
immunoassay.

Results

The incidence of PH in our cohort of HbS/B-thal patients was 33%. PH patients had
elevated values of NT-proBNR reticulocyte counts and serum ferritin compared with
patients without PH. However, even patients without PH had elevated concentrations
of NT-proBNP compared with controls. An NT-proBNP level of 153.6 pg/mL had the
highest sensitivity (85.7%) and specificity (94.6%) for detecting PH in our patients.
NT-proBNP levels correlated with measures of pulmonary artery systolic pressure (tri-
cuspid regurgitant jet velocity and right ventricular systolic pressure), left atrial area
and diastolic dysfunction. The administration of hydroxyurea did not affect the pres-
ence of PH.

Interpretation and Conclusions

The incidence of PH in patients with HbS/B-thal is similar to that observed in patients
with SCD. Serum NT-proBNP is a strong indicator of PH in HbS/B-thal. The correlation
between PH and reticulocyte counts and ferritin suggests that the degree of hemoly-
sis and iron overload is implicated in the pathogenesis of PH in HbS/[-thal.
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obstruction of small pulmonary arteries leading to

progressive right ventricular failure. PH is recognized
as a severe complication of hemolytic anemia, including
hemoglobinopathies, such as B-thalassemia major, tha-
lassemia intermedia, and sickle cell disease (SCD).™
Several studies have revealed that the prevalence of PH is
approximately 20-40 % in SCD patients and that the pres-
ence of PH is associated with an increased risk of death,
regardless of its severity.*® Hemodynamic measurements
and biochemical tests, such as the 6-minute walk test and
detectable troponin T levels, are well recognized as prog-
nostic markers in PH, since they reflect the progressive
obstruction of blood flow.*® Echocardiography remains
the cornerstone screening test for the diagnosis of PH. Pro
B-type natriuretic peptide (proBNP) is a hormone released
in response to cardiomyocyte stretching. The prognostic
significance of proBNP has been demonstrated in several
cardiovascular disorders. ProBNP is involved in the activa-
tion of the cyclic guanylate cyclase system as a counter-
regulatory mechanism in heart failure and its levels corre-
late with the severity of pulmonary artery pressure eleva-
tion and right ventricular dysfunction."' ProBNP is
cleaved into an inactive part, N-terminal proBNP (NT-
proBNP) and the biologically active hormone BNP."* The
high stability of NT-pro BNP in the serum and the conven-
ience of assaying the levels of this protein under routine
laboratory conditions have made the measurement of NT-
proBNP a useful tool for patient stratification in PH."” In
SCD, patients with PH often have lower pulmonary pres-
sures than do patients with primary PH.*** In this cohort
of patients the measurement of NT-proBNP is of particu-
lar value.

Although the prevalence of PH in thalassemia major and
SCD has been reported, there is no information on the
incidence of PH in patients with double heterozygous HbS
trait and B-thalassemia (HbS/B-thal). The aim of this study
was to evaluate the incidence of PH in a cohort of patients
with HbS/B-thal and reveal possible correlations between
the presence of PH and clinical characteristics, hemolytic
findings and NT-proBNP levels.

Pulmonary hypertension (PH) is characterized by the

Design and Methods

Patients and controls

Patients with compound heterozygous HbS/B-thal
were studied. The patients had been diagnosed by demon-
stration of a positive sickling phenomenon and hemoglo-
bin (Hb) electrophoresis at pH 8.6. B-globin gene muta-
tions were detected using standard methodology. All
patients were in a stable phase of their disease at the time
of evaluation and were transfused sporadically or had not
been transfused for at least 3 months prior to the evalua-
tion. They were regularly followed-up at the Thalassemia
Center of Laikon Hospital, Athens, Greece. Informed con-
sent was obtained from all patients prior to entering the
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study. The study was conducted with the approval of the
hospital ethical committee and in keeping with the guide-
lines of the Declaration of Helsinki.

In addition, 15 healthy control subjects, with age and
gender distributions similar to those of the patients, were
evaluated for race-based comparisons of laboratory and
echocardiographic data.

Exclusion criteria

Criteria for exclusion from this study included: 1) evi-
dence of left ventricular failure (defined as fraction short-
ening below 28% and ejection fraction below 50%) ; 2) a
vaso-occlusive crisis during the preceding 15 days; 3) atri-
al fibrillation or vertricular tachycardia; 4) mitral value
regurgitation >2/4+ or mitral value stenosis; and 5) severe
pericardial effusion.

Echocardiography measurements

All patients were evaluated for the presence of PH using
continuous-wave Doppler echocardiography and then
applying the modified Bernoulli equation (pulmonary
artery systolic pressure=4V+right atrial pressure). PH was
defined as systolic pulmonary artery pressures of above or
equal to 35 mmHg or a tricuspid regurgitant jet velocity
(TRV) value of above or equal to 2.5 m/sec. In all patients,
we also measured ejection fraction, fraction shortening,
left atrial area, right ventricular area and markers of dias-
tolic function, such as peak velocities of the E wave and A
wave, the ratio of the E wave to A wave, the end diastolic
diameter, deceleration time, and isovolumic relaxation
time as the time from aortic-valve closure to the start of
mitral inflow. All diastolic parameters were assessed by
tissue Doppler imaging.

Laboratory measurements

Hemoglobin levels, leukocyte and platelet counts, retic-
ulocyte counts, lactate dehydrogenase (LDH), aspartate
aminotransferase, direct bilirubin, serum creatinine, and
Hb F were assessed in all patients, using standard method-
ologies. Serum ferritin levels were measured by an
enzyme immunoassay technique (MEIA; Abbot
Diagnostics, IMX System; Ferritin, Illinois, USA; normal
range 20-200 mg/L). Serum NT-proBNP levels were evalu-
ated using an electrochemiluminescence immunoassay
(Roche Diagnostics GmbH, Mannheim, Germany) in sam-
ples that were collected in the morning of the Doppler
echocardiograpic examination, and were then centrifuged
and stored at -80°C within 4-6 hours after venipuncture.
Serum cystatin C was determined by particle enhance
immunonephelometry using the Dade-Behring BN
Prospec nephelometer (Dade Behring, Liederbach,
Germany). Finally, we evaluated the levels of endothelin-1
in the plasma of a subgroup of our HbS/B-thal patients
(nine patients with PH and seven without PH) and in all
our controls using an ELISA methodology (R&D Systems,
Minneapolis, MN, USA).
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Statistical analysis

SPSS statistics software version 15.0 (Chicago, IL, USA)
was used for the statistical analyses. The Mann-Whitney
U test and Student’s t-test were used to evaluate differ-
ences between patients and controls. When a significant
association was found, post-hoc Bonferroni comparisons
were used. A receiver operator characteristic (ROC) curve
was constructed to define the level of NT-proBNP with the
best sensitivity and specificity for the detection of PH.
Spearman's non-parametric correlation test was used to
determine possible correlations between the presence of
PH and the different clinical and laboratory parameters.
Results were considered statistically significant when
»<0.05.

Results

Patients

We studied 91 patients with compound heterozygote
HbS/B-thal of whom 84 (31 males and 53 females) met the
criteria for inclusion into this study. Their median age was
35 years (range: 21-62 years). Underlying molecular B°
gene mutations were found in 51 patients and B* gene
mutations in 33 patients. The HbA levels of HbS/B-thal
patients ranged between 5% and 10% (median: 7%).
Forty-three patients (51%) had been receiving hydroxy-
urea for a median time of 9 years. The baseline character-
istics of all patients and controls are presented in Table 1.

Incidence of pulmonary hypertension

Patients had significantly higher median values of TRV
compared with controls. Twenty-eight patients (33.3%)
had elevated pulmonary artery systolic pressures as
defined by a TRV of at least 2.5 m/sec or an estimated
right ventricular systolic pressure (RVSP) of at least 35
mmHg. Patients with PH were older than patients without
PH (Table 2); age was also significantly correlated with
both TRV (r=0.341, p=0.001) and right ventricular systolic
pressure (RVSP) (r=0.328, p=0.002).

Pulmonary hypertension and cardiac function

TRV values were significantly correlated with end-dias-
tolic diameter and E/A ratio (r=0.34, p=0.001 and r=-0.52,
p=0.0001 respectively), while there was no correlation
between TRV and variables of systolic function such as
ejection fraction, fraction shortening and left atrial area.
Furthermore, neither the deceleration time nor the isovol-

umetric relaxation time showed significant correlations
with TRV.

Pulmonary hypertension and presence of hemolysis
Factors reflecting the presence of hemolysis, such as
hemoglobin concentration, reticulocyte counts and biliru-
bin serum levels were significantly correlated with TRV
(r=-0.386, p<0.001; r=0.361, »=0.001; and r=0.25, p=0.022,
respectively) and RVSP (r=-0.38, p<0.001; r=0.345,
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Table 1. Characteristics of patients with HbS/f-thal and controls.
The values are presented as median and range.

Characteristic Patients (n=84) Controls (n=15) p
median values  median values  value
(range) (range)
Age (years) 35 (21-62) 35 (20-60)
Gender (n) 31M/53F 5M/10F
Interacting [3°39 (38),
[3-thalassemia genes (n) IVS1-1 (11),
FSC8 (2), -
IVS1-110 (24),
IVS1-6 (9)
On hydroxyurea (n) 43 -
Months of follow up 91(50-131)
Hemoglobin (g/dL) 8.9(6.3-12.9) 13.7 (11.5-16.4) <0.0001
White cell count (x10%/pLL) 11.3(9.9-16.7) 5.6 (3.8-7.4) <0.0001
Platelet count (x10%/pL) 350 (227-473) 230 (155-295)  0.133
Reticulocyte count (x1000/mm?) 246 (90-768) 47 (35-90) <0.0001
Serum creatinine (mg/dL) 0.7 (0.5-1.7) 0.8(0.6-1.0)  0.212
Serum cystatin-C (mg/L) 1.0 (0.6-1.4) 0.7 (0.2-0.9) <0.001
Aspartate aminotransferase (U/L) 46 (23-69) 26 (15-41)  0.022
Alanine aminotransferase (U/L) 35 (20-50) 23 (13-37)  0.062
Total bilirubin (mg/dL) 2.0 (0.6-12.3) 0.7 (0.5-0.8) <0.0001

Lactate dehydrogenase 662 (205-1650) 230 (180-355) <0.0001
(/)

Serum ferritin (ug/L) 302 (12-5260) 65 (21-123) <0.0001
HbF (%) for all patients 14.3 (2-41) <2 <0.0001
HbF (%) for HU patients 18 (2.6-41)

HbF (%) for non-HU patients 10 (2-30)

NT-ProBNT (pg/mL) 81.9 (7.5-3040) 27.9 (14.9-77.6) <0.0001
Tricuspid regurgitant jet 2.3(2-3.1) 2.1(2-2.4) <0.0001
velocity (m/s)

RVSP (mmHg) 31 (25-48) 27 (25-33) <0.0001
Ejection fraction (%) 71(53-82) 68 (60-79)  0.205
Fraction shortening (%) 40.5 (24-52) 38(30-48)  0.210
Left atrial area (cm?) 3.4 (2.5-4.5) 36(2839) 0777
Right ventricular area (cm?) 1.8 (1.2-2.5) 20(1521) 0.013
E/A ratio 1.2(0.7-2.2) 1.6(1.1-21) <001
End-diastolic diameter (cm) 5.3 (4-6.8) 5.2 (4.4-54)  0.107
Deceleration time (msec) 190 (145-270) 190 (175-225)  0.945
IVRT (msec) 70 (45-130) 70 (55-80)  0.127
Endothelin-1 (pg/mL)* 0.94 (0.41-1.89)  0.49 (ND-1.0)  0.001

*measured in all controls, but in only 16 patients; IVRT: isovolumetric
relaxation time.

p=0.001; and r=0.26, p=0.017, respectively). However, no
correlations were observed between serum LDH and
either TRV or RVSP. Patients with PH had lower values of
hemoglobin and higher reticulocyte counts and ferritin
levels compared to patients who did not have PH,
although there were no differences in bilirubin and LDH
serum levels between patients who did or did not have PH

(Table 2).

NT-proBNP levels and pulmonary hypertension

The median NT-proBNP level was 81.9 pg/mL in
patients with HbS/B-thal and 27.9 pg/mL in healthy con-
trols (p<0.0001; Table 1). NT-proBNP levels were higher in
patients with PH than in either patients without PH or
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Table 2. Characteristics of patients with HbS/B-thal according to
TRV. The values are presented as median and range for all param-
eters.

Characteristics Jet velocity Jet velocity p
<2.5 m/sec >2.5 m/sec value
N=56 N=28
Age (years) 33 (21-57) 41 (25-62) 0.001
Gender (n) 18M/38F 13M/15F 0.776
On hydroxyurea (n-%) 22 (39%) 21 (75%) 0.923
NT-proBNP (pg/mL) 63.8 (7.5-1203) 294.7 (33.7-3040)  <0.0001
Hemoglobin (g/dL) 9.2 (6.3-12.9) 8 (6.7-11.7) 0.001
Reticulocyte count 234 (94-540) 376 (90-768) 0.003
(x1000/mm?)
Lactate dehydrogenase 712 (205-1650) 709 (333-1576) 0.409
(/L)
Bilirubin (mg/dL) 1.7 (0.6-5.1) 2.3(0.8-12.3) 0.162
Creatinine (mg/dL) 0.7 (0.5-1.6) 0.7 (0.5-1.7) 0.295
Cystatin-C (mg/L) 1.0 (0.6-1.4) 1.0 (0.6-1.3) 0.465
Ferritin (LLg/L) 218.5 (12-5260) 640 (70-4100)  <0.0001
HbF (%) 14 (2-33) 15.2 (2-41) 0.476
TRV (m/s) 2.2 (2-2.4) 2.6(25-3.1) <0.0001
RVSP (mmHg) 28.5 (25-33) 37.5(35-48)  <0.0001
Ejection fraction (%) 70.5 (60-82) 50.5 (53-78) 0.144
Fraction shortening (%) 42 (30-52) 40 (24-47) 0.028
Left atrial area (cm?) 3.4 (25-4.3) 3.4 (2.9-4.5) 0.204
Right ventricular area (cm?) 1.8 (1.2-2.5) 1.9 (1.3-2.5) 0.171
E/A ratio 1.3(0.7-2.2) 0.8(0.7-1.6)  <0.001
End-diastolic diameter (cm) 5.3(4-5.9) 5.5 (4.7-6.8) 0.004
Deceleration time (msec) 190 (145-255) 190 (150-270) 0.743
IVRT (msec) 70 (45-100) 70 (45-130) 0.143
Endothelin-1* (pg/mL)  0.67 (0.41-0.88)  1.11 (0.47-1.89) 0.11

*measured in only nine patients with PH and seven patients without PH.
IVRT: isovolumetric relaxation time.

healthy controls (#<0.01; Table 2). A ROC curve showed
that a cut-off value of 153.6 pg/mL of NT-proBNP had the
highest sensitivity (85.7%) and specificity (94.6%) for
detecting the presence of PH in our study population. High
NT-proBNP levels were significantly correlated with TRV,
RVSE, left atrial area and echocardiographic parameters of
diastolic dysfunction, such as end-diastolic diameter and
E/A ratio (Table 3; Figure 1). NT-proBNP correlated weak-
ly with ejection fraction and fraction shortening (variables
of systolic function) but there was no association with
deceleration time or isovolumetric relaxation time (vari-
ables of diastolic function). NT-proBNP also showed sig-
nificant correlations with hemoglobin levels, serum creati-
nine and advanced age (Table 3).

Effect of hydroxyurea therapy and other factors on
pulmonary hypertension

Fetal hemoglobin levels were not significantly correlated
with TRV (p=0.476), although almost 75% of patients
who had a TRV of 22.5 m/sec had received hydroxyurea.
Thus, the administration of hydroxyurea did not affect PH
presentation. Patients with HbS/B-thal had elevated val-
ues of endothelin-1 compared with controls (p=0.001;
Table 1), while patients with PH had increased values of
endothelin-1 (median: 1.11 pg/mL) compared with
patients without PH (median: 0.67 pg/mL). However, the
p-value between patients with and without PH was not
statistically significant (»=0.11), possibly reflecting the low

Table 3. Spearman’s correlation between NT-proBNP and laborato-
ry and hemodynamic parameters.

Parameter r p
value
TRV (m/s) 0.436 <0.0001
RVSP (mmHg) 0.430 <0.0001
Ejection fraction (%) -0.219 0.046
Fraction shortening (%) -0.213 0.052
Left atrial area (cm?) 0.364 0.001
Right ventricular area (cm?) 0.069 0.532
E/A ratio -0.318 0.003
End-diastolic diameter (cm) 0.322 0.003
Deceleration time (sec) -0.155 0.158
Isovolumetric relaxation time (msec) -0.042 0.707
Age (y) 0.20 0.072
Hemoglobin (g/dL) -0.213 0.052
Reticulocyte count (x1000/mm?) 0.044 0.692
Ferritine (ug/L) 0.016 0.888
Lactate dehydrogenase (U/L) 0.129 0.243
Bilirubin (mg/dL) 0.128 0.245
HbF (%) -0.029 0.796
Creatinine (mg/dL) 0.2 0.068
3500
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Figure 1. NT-proBNP levels are significantly correlated with PH as
assessed by TRV measurement (r=0.436, p<0.0001).

number of patients studied. Finally, white cell count,
platelet count and renal function (assessed by both serum
creatinine and cystatin-C levels) had no effect on the pres-
ence of PH (Table 2).

Discussion

SCD is one of the most common genetic blood disorders
in the world. Approximately 20-40% of SCD patients
have PH, which often leads to heart failure, and is a major
risk factor for death in these patients.”® In the present
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study, we found that the prevalence of PH among patients
with HbS/B-thal was 33.3%, which is similar to that
reported in SCD patients.*"® Considering the higher mor-
tality rate detected among SCD patients with PH,***® we
assume that our cohort of patients with PH are also at high
risk of developing heart failure and dying of cardiac dys-
function. Our study has also confirmed the valuable role
of echocardiography and NT-proBNP levels in identifying
PH in HbS/B-thal patients. To the best of our knowledge,
this is the first study in the literature which gives data for
the incidence of PH and its correlations with clinical and
laboratory characteristics in patients with HbS/pB-thal.

NT-proBNP levels provide diagnostic and mechanistic
information concerning the development of PH in patients
with SCD and thalassemia major and have been used to
identify patients at the highest risk of death.”™"*" In our
patients, an elevated NT-proBNP level largely reflected the
severity of PH (Figures 1A,1B). The NT-proBNP serum
level of 153.6 pg/mL had the highest sensitivity and speci-
ficity (85% and 94%, respectively) for the detection of PH
in our population. These data are in accordance with those
of Machado et al., who found that NT-proBNP levels
directly correlated with PH in SCD patients, while a level
of 160 pg/mL or greater of NT-proBNP had a 78% positive
predictive value for the diagnosis of PH." In that study PH
seemed to be associated with pulmonary dysfunction
rather than left ventricular dysfunction.” We found that
NT-proBNP levels correlated with parameters of diastolic
(end-diastolic diameter, E/A ratio) rather than systolic dys-
function. Deceleration time and isovolumetric relaxation
time are also indicators of diastolic dysfunction. The lack
of association between these parameters and PH in our
study population may be due to volume loading caused by
chronic anemia, which possibly leads to pseudo-normal-
ization of the deceleration time and isovolumetric relax-
ation time. Thus, diastolic dysfunction may have played a
role in the development of PH in our population.
However, we must mention that diastolic dysfunction is
common in the SCD population, but only contributes
directly to elevated pulmonary pressures in a small frac-
tion of patients with a high TRV. In a recent study by
Sachdev et al., it was found that diastolic dysfunction and
PH can develop independently in SCD, each contributing
to increased mortality alone, and patients with both risk
factors have a poor prognosis.”

Our results also suggest that NT-proBNP levels, in com-
bination with TRV and RVSP data, provide a useful tool
for recognizing HbS/B-thal patients with hemodynamical-
ly significant PH. With regards to this point, we should
mention that NT-proBNP is cleared by kidneys and renal
impairment, which is observed in sickle-cell syndromes,
may alter NT-proBNP levels in such patients. However,
our patients with and without PH had similar creatinine
and cystatin-C values. Cystatin-C is a cysteine proteinase
inhibitor, which participates in intracellular protein catab-
olism and is considered as a perfect endogenous marker of
glomerular filtration rate. Our group has shown that cys-
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tatin-C concentration is an early indicator of renal impair-
ment in patients with HbS/B-thal.®

The pathogenesis of PH is multifactorial. The observa-
tion that markers of hemolysis, such as hemoglobin con-
centration, reticulocyte counts, and bilirubin, and iron
overload are associated with PH and correlated with both
TRV and NT-proBNP in our patients, provides a link
between HbS/B-thal or other chronic hemolytic disorders
with PH and suggests that there is a distinct syndrome of
hemolysis-associated PH. Thalassemia major is another
chronic hemolytic disease that is associated with second-
ary PH, which has a different pathophysiology from that
of SCD. Several factors that contribute to PH in SCD, such
as the sickle phenomenon, vaso-occlusive crises or acute
chest syndrome, do not occur in thalassemia major.**”
Nevertheless, patients with thalassemia and SCD have
intravascular hemolysis, which results in the release of
hemoglobin into the plasma. Plasma hemoglobin can scav-
enge nitric oxide and catalyse the formation of reactive
oxygen and nitrogen species, processes that can lead to
acute and chronic pulmonary vasoconstriction.”
Hemoglobin-induced scavenging of nitric oxide results in
transcriptional up-regulation of adhesion molecules and
induces the expression of endothelin-1, a potent vasocon-
strictor.?* Indeed, endothelin-1 levels are elevated in the
plasma of patients with primary PH and patients with
SCD.* In our study, patients with HbS/B-thal had higher
values of endothelin-1 compared with controls, while
patients with PH had increased values of endothelin-1
compared with patients without PH (this difference was
of borderline statistical significance mainly due to the low
number of patients studied).

We found no correlation between the presence of PH
and serum levels of LDH (another marker of hemolysis).
This may be explained by the lower rate of hemolysis in
this cohort of patients than in patients with thalassemia
major or intermedia. On the other hand, the relatively
modest degree of PH seen in our study (TRV <3.1 m/s)
compared with that occurring in HbS patients may also
explain the lack of this association. Gladwin et al.
described three groups of HbS patients with TRV levels
<2.5, 2.5-2.9 and >3.0 m/s and LDH levels of 320+129,
357+125 and 491+196 U/L, respectively. Most of our PH
patients had a TRV of between 2.5-2.9 m/s (only two
patients had a TRV of 3.0 and 3.1 m/s) and their LDH lev-
els were not different from those of patients with a normal
TRV (<2.5 m/s).”

Additional insults that might lead to end-organ dysfunc-
tion and PH in patients with thalassemia major and SCD
include iron deposition,®” anemia with a high cardiac-
output state, and asplenism. The correlation of ferritin
with PH in our study supports the notion that iron over-
load is also implicated in the pathogenesis of PH in HbS/p-
thal.

Hydroxyurea therapy and fetal hemoglobin levels were
not associated with lower TRV in our study. These find-
ings are in agreement with those of other recent studies in
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SCD.5" A possible explanation is that although hydroxy-
urea decreases the rate of hemolysis and increases red
blood cell survival, the magnitude of this response may
not be sufficient to prevent the development of hemolysis-
associated endothelial dysfunction.”

In conclusion this study has shown that the frequency
of PH in our cohort of HbS/B-thal patients is similar to that
observed in patients with SCD.
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