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Cardiac function was measured at rest and during exercise in 9 patients with sickle-cell
anemia (SS) and coexisting homozygous alpha thalassemia-2 (alpha thal-2). Results were
compared with 18 sickle cell patients with normal alpha globin genes, who were matched
to the study group by age, gender, and size, and to published normal values. SS alpha
thal-2 patients were less anemic: 9.9 = 1.0 vs 8.2 = 1.2 gm/dI for SS alone (P < .05). Left
ventricular dimensions were normal in SS alpha thal-2 (4.9 + 0.7 cm), but increased in
SS (5.4 = 0.7, cm P =.05) (normal range, 3.7-5.6 cm). Left ventricular wall thickness was,
however, dramatically increased in the SS alpha thal-2 patients (free wall, 1.8 + 0.6 cm;
septum, 1.6 = 0.4 cm), though SS controls had normal wall thickness (free wall, 1.0 = 0.2
cm; septum, 1.0 = 0.2 cm, P < .001) (normal range, 0.6—-1.1 cm). At rest, Doppler indices
of systolic function were not significantly different between sickle groups and normal
values. SS alpha thal-2 patients did have abnormal diastolic filling at rest, as evidenced
by a reduced ratio of early/late diastolic filling, 1.4 = 0.3 vs. 2.0 = 0.5 for SS controls
(P < .01), and 1.8 = 0.4 for normals. An analysis of covariance suggested that this abnor-
mality persisted after taking into account the previously demonstrated hypertrophy. Dur-
ing exercise, SS alpha thal-2 patients had higher heart rates and blood pressures than
$S controls in spite of performing the same or less work. This resulted in a higher double
product (an estimate of oxygen consumption) in SS alpha thal-2 patients (37,470 + 2,310
mm Hg-BPM) than in SS controls (33,310 = 1,490 mm Hg-BPM, P < .01). Work capacity,
peak heart rate, and blood pressure were all abnormally decreased in both sickle-cell
groups when compared to normal. Cardiac abnormalities noted at rest and during exercise
in SS alpha thal-2 patients suggest a role of microvascular occlusion and a protective

effect of decreased hemoglobin.
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INTRODUCTION

Patients with sickle-cell (SS) anemia have a dramati-
cally diminished physical work capacity [1-4]. Transfu-
sion studies have shown that this is related to the reduced
oxygen carrying capacity associated with anemia [5-8].
Transfusion to a higher hemoglobin results in improved
exercise performance [7). Partial exchange transfusion of
SS patients with normal donor blood to raise hemoglobin
A concentrations without increasing the total hemoglobin
level has also been shown to increase exercise capability
[8], suggesting that sickle erythrocytes contribute to poor
exercise capacity.

A significant percentage of patients with sickle-cell
anemia have abnormalities of systolic and diastolic car-
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diac function which do not appear to be explained entirely
on the basis of chronic severe anemia [2,3,9-18]. Vasooc-
clusive effects of sickle hemoglobin on the circulation,
and possibly the heart, could contribute significantly to
the reduced physical work capacity [3,16-18].

In order to discern the effects of severe chronic anemia
from those due to the presence of sickle hemoglobin, a
unique group of SS patients was identified, who were
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TABLE |. Anthropometric Data*

Sickle cell Sickle/thalassemia
(n =18) n=29)
m SD m SD P
Height (cm) 169.1 8.6 167.1 10.4 NS
Weight (kg) 59.1 8.6 57.8 7.0 NS
BSA (M?) 1.68 0.15 1.64 0.15 NS
Age (years) 30.4 6.3 332 9.9 NS
RHR (bpm) 759 124 79.6 10.9 NS

*All values in this and subsequent tables are expressed as mean (m) + SD.
BSA, body surface area; RHR, resting heart rate; M?, square meters; bpm,
beats per minute; NS, nonsignificant.

less anemic, but continued to have the vasoocclusive
manifestations of SS disease. These patients are homozy-
gous for coexisting alpha thalassemia-2 and have a dele-
tion of one of the two alpha globin genes on each chromo-
some 16, responsible for alpha globin synthesis [19-21].
Homozygous alpha thalassemia occurs in 3—4% of pa-
tients with SS disease and should not be confused with
S/beta® thalassemia, which is phenotypically similar to
SS anemia. In this study, Doppler echocardiography and
exercise testing were used to compare patients in this
unique SS alpha thal-2 group with age-, gender-, and
size-matched SS controls in order to determine which
cardiac abnormalities persist in the absence of severe
chronic anemia.

METHODS

Nine patients {age 33 % 10 years) with SS disease
and concomitant alpha-thal-2 were studied. Eighteen SS
subjects, with a normal number of alpha chains matched
by age, gender, and body size to the 9 study patients,
were recruited from the patient population of the Compre-
hensive SS Center at the Medical College of Georgia
(MCQG) to serve as controls (Table I). DNA analyses were
performed using the Southern blot technique [22,23].

All subjects were crisis-free for 2 weeks prior to their
participation. None had been transfused in the preceding
3 months. This study was approved by the Committee on
Human Assurance at MCG, and written informed consent
was obtained from all participants.

A history and physical examination were performed to
identify medical conditions that would preclude exercise
testing. None of the patients or controls had evidence of
valve disease, hypertension, or cardiac ischemia. Two
study patients and 3 controls were excluded from exercise
testing on the basis of hip discomfort or leg ulcers. Base-
line data, including height, weight, heart rate, blood pres-
sure, a complete blood count including percentage of fetal
hemoglobin, an electrocardiogram, and an echocardio-
gram, were obtained immediately prior to exercise testing.
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None were excluded on the basis of an abnormal resting
electrocardiogram.

Two-dimensional image-directed M-mode echocardio-
grams were obtained using standard techniques and com-
mercially available ultrasound instruments. All measure-
ments were made according to the recommendations of
the American Society of Echocardiography [24]. The fol-
lowing dimensions were obtained: left ventricle end-dias-
tole (LVED), left ventricle end-systole (LVES), posterior
wall thickness (LVWD), interventricular septum thick-
ness (IVSD), right ventricle end-diastole (RVED), aortic
root (AO), and left atrium (LA). Tracings were obtained
at a sweep speed of 50 mm/sec. Shortening fraction (SF)
[(LVED-LVES)/LVED] X 100 was calculated.

Image-directed pulsed Doppler tracings of aortic valve
outflow velocities and mitral valve inflow velocities were
obtained for each subject. Aortic pulsed Doppler tracings
were utilized to obtain the following systolic variables:
aortic peak velocity (APV), and Doppler-derived LVPEP,
LVET, and LVSTI. Mitral valve pulsed Doppler tracings
were used to obtain peak early filling velocity (PFV)
and peak atrial velocity (PAV). Diastolic time intervals
included: time to peak filling (TPF) and time to peak
filling after aortic ejection (TPFAE), area under the E-
wave and area under the A-wave. Calculated measure-
ments of diastolic left ventricular filling included: atrial
filling fraction (AFF) (area under A/[area under E + area
under A]) and PFV/PAV. All Doppler tracings were re-
corded with a simultaneous electrocardiogram. Two sets
of measurements were obtained and averaged for each
subject.

Exercise tests were performed in the postabsorptive
state. All patients were fully ambulatory. Continuous
graded maximal exercise was performed sitting on a me-
chanically braked cycle ergometer. Maximal workload
was estimated upon the individual’s height, according to
James et al. [25]. Exercise began at 25% of maximal
predicted exercise capacity, and the workload was in-
creased to 50%, 75%, and 100% of maximal predicted
work capacity at 3-min intervals. Patients exercised until
exhausted (maximum voluntary effort). Heart rate, blood
pressure, and three-lead electrocardiogram (leads AVFE,
V,, and Vs) were recorded prior to and at each level of
exercise. Exercise duration, physical working capacity
indexed for body surface area (PWCI), percentage of
work performed compared to that expected (percent ex-
pected), and double product (heart rate X blood pressure)
at maximum exercise were calculated.

S-T segment morphology was assessed at each exer-
cise stage.

Echo Doppler data from healthy normal controls were
obtained from Feigenbaum [26], Gardin et al. [27], and
Benjamin et al. {28]. Intergroup comparisons of SS pa-
tients with and without alpha thal-2 were performed, using
one-factor analyses of variance. Analysis of covariance
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TABLE Il. Hematologic Variables

Sickle cell Sickle/thalassemia
(n = 18) (n=9)
m SD m SD P
Hgb (gm/dl) 8.18 1.21 9.88 0.93 <05
Hct 23.9 34 29.1 3.6 <.05
HbF % 6.4 5.0 5.9 33 NS

Hgb, hemoglobin; Hct, hematocrit; HbF, fetal hemoglobin; gm/dl, grams/
deciliter.

was employed in order to control for effects of hemoglo-
bin, hematocrit, and ventricular wall thickness. The means
of Doppler variables from both groups were compared
to normal values using Z scores. Double products at peak
exercise were compared between the two groups, utilizing
a t-test.

RESULTS

Patient groups were well-matched for age, gender, and
size (Table I). SS patients with alpha thal-2 had signifi-
cantly greater hemoglobin (Hgb) and hematocrit (Hct)
values than those subjects with SS anemia alone. The
differences in percentages of fetal hemoglobin (HbF%)
did not reach significance (Table II).

Rest

LVED and LVES were within normal range in the
SS alpha thal-2 patients when compared to published
normals. In contrast, LVED and LLVES were increased in
the group with SS disease alone and when compared to
the SS alpha thal-2 group (P < .05). LVWD and IVSD
were significantly increased in the alpha thal-2 patients,
compared to patients with SS disease alone (P < .001)
and published normal controls. Differences in LA and
AOQO dimensions between groups did not reach significance
(Table III). Normal values are from Feigenbaum [26].

Systolic Function

Differences in systolic function as assessed by aortic
Doppler indices between groups were not significant.

APV was increased relative to normal values as de-
scribed by Gardin et al. {27] for both groups (Table IV).

Diastolic Filling

Peak early filling velocity (PFV) was significantly
lower in the SS alpha thal-2 group than in the group with
SS disease alone (P < .01). By covariate analysis this
occurred independent of differences in IVSD and LVWD
(P < .05). Differences in peak atrial velocities (PAV) be-
tween groups were not significant. The ratio of PFV/PAV
was significantly lower in the SS alpha thal-2 group than
in the group with SS alone (P < .01). E-area was in-

creased in the SS-alone group compared to published
normal values, but the difference between the two SS
groups did not achieve statistical significance. Differ-
ences between the two SS groups with regards to A-area,
TPF, TPFAE, and AFF were not significant (Table V). A-
area was increased in both groups, compared to published
normal values [28].

Exercise

The SS alpha thal-2 group demonstrated higher heart
rates just prior to exercise and in all phases of recovery
than did those subjects with SS disease alone (Table VI).
Maximum heart rate was lower than published normals
[2] in both groups. The SS alpha thal-2 group also exhib-
ited greater systolic blood pressures at maximal exercise
and during all phases of recovery than the SS patients (Fig.
1). Patients with SS disease had lower blood pressures at
maximum exercise than published normals [3], though
this was less striking in the SS alpha thal-2 group. Resting
systolic and diastolic blood pressures were normal, and
differences between the two sickle-cell groups were not
significant. Less consistent differences were seen in dia-
stolic pressures, with significantly higher values in the
SS alpha thal-2 subjects at maximal exercise and at minute
5 of recovery. Mean arterial pressures were higher
throughout exercise in the SS alpha thal-2 subjects; how-
ever, these differences were significant only during the
three phases of recovery.

Differences in percentage of expected work capacity
in the two patient groups were not significant (Table V1),
and both groups were reduced compared to published
normal values [25]. SS alpha thal-2 subjects had signifi-
cantly higher double products at peak exercise than
patients with SS disease alone (37,470 * 2,310 mm Hg-
BPM vs. 33,310 * 1,490 mm Hg-bpm; P < .01), sug-
gesting a greater myocardial oxygen consumption. S-T
depression was not seen in either group.

DISCUSSION

The interaction of alpha thal-2 with homozygous SS
disease has been shown to affect both the hematologic
indices as well as the clinical manifestations of SS disease
[19-21,29]. SS patients with concomitant alpha thal-2
have significantly higher red-cell counts, Hgb, Hct, and
Hgb A, [19-21]. They also exhibit lower mean corpuscu-
lar hemoglobin concentration (MCHC), mean corpuscular
volume, reticulocyte counts, irreversibly-sickled cell
counts, and serum total bilirubin level [21]. Because of
the decrease in MCHC, they have a prolonged cell life
span and a decrease in hemolytic anemia [19]. The de-
crease in hemolytic anemia is also mediated by a de-
creased intraerythrocyte hemoglobin S concentration
[20]. However, the increased red-cell survival may actu-
ally lead to an increased frequency of microvascular oc-
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Sickie cell Sickle/thalassemia
(n=18) mn=29) Normal
m SD m SD P m Range

LVED (cm) 5.43 0.68 4.87 0.66 .05 4.7 (3.7-5.6)
LVES (cm) 36 0.53 3.13 0.50 <.05
LVWD (cm) 1.02 0.17 1.79 0.63 <.001 0.9 (0.6-1.1)
IVSD (cm) 1.03 0.17 1.63 0.39 <.001 0.9 (0.6-1.1)
AO (cm) 2,71 0.40 2.75 0.37 NS 27 (2.0-3.7)
LAD (cm) 3.53 0.45 3.69 0.65 NS 29 (1.94.0)
SF (%) 33.7 5.0 35.7 5.0 NS 36 (28-44)

SF, shortening fraction; LVED, left ventricular end-diastolic dimension; LVES, left ventricular end-systolic
dimension; LVWD, left ventricular wall thickness in diastole; IVSD, interventricular septal thickness in diastole;

AOQ, aortic root dimension; LAD, left atrial dimension.

TABLE IV. Doppiler Indices of Systolic Function

Sickle cell Sickle/thalassemia
(n = 18) n=9) Normal
m SD m SD P m SD
APV (cm/sec) 113.3 22.8 110.3 33.0 NS 92 11
LVPEP (msec) 97.2 22,6 94.1 222 NS
LVET (msec) 329.7 46.7 300.6 422 NS 294 19
LVSTI 0.30 0.10 0.32 0.09 NS

APV, aortic peak velocity; LVPEP, left ventricular preejection period; LVET, left ventricular ejection time;

LVSTI, left ventricular systolic time index.

TABLE V. Doppler Indices of Diastolic Function

Sickle cell Sickle/thalassemia
(n =18) n=9) Normal
m SD m SD P m SD

PFV (cm/s) 80.0 14.5 64.5 10.2 <.01 66 14
PAV (cm/s) 41.5 10.0 46.3 9.1 NS 38 6
E-area (cm?) 13.1 38 10.8 3.0 NS 8.5 1.8
A-area (cm?) 53 1.2 5.2 1.5 NS 2.9 0.6
TPF (msec) 536.4 24.4 527.9 375 NS
TPFAE (msec) 109.4 52.2 133.2 26.9 NS
AFF 0.31 0.07 0.33 0.09 NS 0.25 0.05
PFV/PAV 2.01 0.51 1.44 0.31 <.01 1.75 04

PFV, peak filling velocity; PAV, peak airial velocity; E-area, area under peak filling curve; A-area, area under
atrial filling curve; TPF, time to peak filling; TPFAE, time to peak filling after ejection; AFF, atrial filling fraction.

clusive problems such as proliferative retinopathy, os-
teonecrosis, and visceral complications, as well as an
increased incidence of painful crises due to the combina-
tion of poorly deformable cells without the protective
viscosity-lowering effects of more severe anemia {21].
The SS alpha thal-2 group had near-normal left ventric-
ular dimensions compared to those of the SS group, which
were significantly increased. However, the alpha thal-2
group had significantly greater wall thicknesses. These
differences may be related to differences in Hgb. A higher
Hgb may have resulted in increased viscosity, which in

turn increased systemic vascular resistance and left ven-
tricular wall stress, resulting in hypertrophy. LA dimen-
sions were in the normal range and differences between
groups were not significant, possibly due to the opposing
effects of anemia and ventricular compliance.

Differences between the two groups in systolic function
at rest, assessed by M-mode and Doppler echocardiogra-
phy, were not significant, and both groups were within
previously-reported normal ranges [26,27].

Important differences in diastolic filling patterns be-
tween the two groups were observed in this study. PFV
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TABLE VI. Response to Exercise
Sickle cell Sickle/thalassemia
(n = 15) n=7)
m SD m SD P
Pre-ex heart rate (beats/min) 79.1 1.2 90.7 13.0 <.05
Max heart rate 150.7 20.2 167.7 15.7 .06
Rec | 122.0 13.7 148.3 17.6 <.005
Rec 2 107.4 122 125.4 17.2 <05
Rec 3 94.5 1122 110.9 14.3 <05
Duration (min) 6.3 2.6 5.1 2.0 NS
PWCI (KgM/m® 9.5 4.0 6.8 33 NS
% expected 517 22.1 393 13.4 NS
Double product (mm Hg - BEM) 33,310 1,490 37,470 2,310 <.01
Pre-ex, preexercise; Max, maximal exercise; Rec, recovery stage; Duration, duration of exercise; PWCI, physical
work capacity index (kilograms-meters/meters’); % expected, % of predicted work completed; Double product,
heart rate X systolic blood pressure.
225 thal-2 subjects in this study persisted after differences in
left ventricular wall thickness were accounted for statisti-
200 cally. This is similar to the findings of .Snider et al. [3Q]
in children with systemic hypertension in which diastolic
S a7 abnggnalities 0ccurre;d in the absence of systolic abnor-
T 7] malities or left ventricular hypertrophy.
E Evidence of altered left ventricular diastolic filling has
E 150 been observed utilizing Doppler echocardiography, both
g in patients with acute myocardial ischemia as well as in
@ 125 patients with chronic coronary artery disease [36-38].
o Fujii et al. [36] demonstrated the reversal of the typical
% 100 early-to-late diastolic filling patterns in acute myocardial
o infarction. These abnormalities, as well as chest pain and
o 75 | S-T segment deviation on ECG [36-38], often precede
Doppler evidence of systolic dysfunction.
Decreased early diastolic velocities and increased late
50 diastolic velocities and areas in patients with coronary
artery disease (CAD) suggest impaired early diastolic
25 filling.
REST MAX 5MIN By decreasing preload with nitroglycerin, Choong et
Fig. 1. Blood pressure response to exercise. Sickle-cell- al. [39] demonstrated that PFV could be decreased. There-

thalassemia systolic (a) and diastolic (v), and sickle-cell
systolic (m) and diastolic (e} blood pressures are plotted at
rest, maximum exercise, and 5 min into recovery. Ranges
indicate 1 SD. *Significant differences between groups.

was reduced in SS alpha thal-2 patients relative to other
SS patients, and PAV was increased relative to normal
values. PFV/PAV was reduced relative to SS patients and
normals (Table V).

Abnormalities of early diastolic filling have been ob-
served in several disease states, including adults with
left ventricular hypertrophy associated with hypertension
[30-31] or pressure overload lesions such as aortic steno-
sis [32], and in both adults and children with hypertrophic
cardiomyopathy {33-35]. However, significant differ-
ences in peak or early diastolic filling seen in the SS alpha

fore, the lesser left ventricular diastolic dimension in
the SS alpha thal-2 group could possibly explain the
diminished PFV, if not for the fact that PFV/PAV was
also lower than published normals [28]. The diminished
PFV/PAV in this group, therefore, is similar to that found
in patients with CAD, strongly suggesting impaired coro-
nary artery flow, possibly secondary to abnormal red-
cell deformability and increased viscosity in the coronary
microvasculature.

Several hemodynamic differences between the two
groups were observed during exercise. SS alpha thal-2
patients had higher heart rates and arterial pressures dur-
ing exercise and recovery, and a greater rate-pressure
product at maximal exercise, than patients with SS disease
alone (Table VI). The lack of improvement of duration
of exercise in the less anemic SS alpha thal-2 patients



suggests that hypertrophy and increased systemic vascular
resistance resulted in increased myocardial oxygen con-
sumption at the same level of exercise. The less-than-
anticipated exercise capacity could be due to abnormal
diastolic filling or reduced blood flow to the myocardium,
secondary to hypertrophy or microvascular effects of
sickling.
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