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Background. The cardiac function in thalassemia major has never been studied at ultrasonic
backscatter techniques. We assessed the utility of acoustic densitometry in thalassemic patients with-
out clinical or echocardiographic signs of heart failure.

Methods. Three groups of subjects with comparable age, sex and body surface area were analyzed:
25 with beta-thalassemia major (group A), 14 with thalassemia intermedia (group B) and 10 healthy
subjects (group C). All patients were asymptomatic and without conventional echocardiographic
signs of systo-diastolic dysfunction. The left ventricular mass and volumes were echocardiographi-
cally evaluated. The ultrasonic myocardial integrated backscatter signal (IBS) was recorded and an-
alyzed by means of acoustic densitometry in the parasternal long-axis view at the septum and poste-
rior wall, both at the basal and intermediate levels. Both the average image intensity and the systo-di-
astolic variations of the IBS (cyclic variation index-CVIibs and peak-to-peak intensity-PPI), respec-
tively related to the structure and contractility of the myocardium, were calculated. The serum fer-
ritin and liver iron concentrations were also measured, as markers of tissue iron storage.

Results. The CVIibs was significantly lower in groups A and B than in group C at basal (22.7 + 8.4
vs 22.1 = 7.8 vs 31.8 + 10.2%; p = 0.001) and intermediate septum (24.4 + 7.6 vs 25.3 + 8.1 vs 30 +
9.8%; p = 0.03) and at basal (25.9 + 7.6 vs 24.5 + 6.1 vs 31.1 + 10.6%; p = 0.02) and intermediate pos-
terior wall (25.1 = 5.1 vs 24.3 £ 6.2 vs 30.2 = 6.6%; p = 0.02). The PPI was also significantly lower in
groups A and B than in group C. Both CVIibs and PPI were comparable in groups A and B. The av-
erage image intensity and left ventricular mass and volumes were not significantly different in the
three groups. No correlation was found between the densitometric findings and markers of tissue iron
storage.

Conclusions. In asymptomatic patients with thalassemia major with normal conventional indexes
of systo-diastolic cardiac function, acoustic densitometry may show a reduced cyclic variation of the
IBS as a possible marker of initial myocardial contractile deficiency. On the contrary, neither struc-
tural alterations nor the extent of myocardial iron stores are detectable by this technique in this type
of patients.

(Ital Heart J 2003; 4 (6): 413-418)

Introduction structural myocardial constituents or scat-
terers (myocardial cells, myofibrils, small

The structural and functional alterations vessels, interstitial collagen) produces a sig-

in thalassemic cardiopathy are not easily
detectable in the early stages because clini-
cal and echocardiographic signs manifest
later!2. It is also unclear whether, in the ini-
tial phases, cardiac involvement is depen-
dent on hemodynamic factors (volume
overload resulting from chronic anemia) or
on myocardial iron storage related to blood
transfusions. An earlier diagnosis and a
correct pathophysiologic assessment might
have positive implications on the therapeu-
tic approach.

Acoustic densitometry (AD) is a new
echocardiographic technique, based on ul-
trasonic backscattering, that permits my-
ocardial tissue characterization*. In brief,
the incidence of ultrasonic beam on ultra-
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nal (integrated backscatter signal-IBS) the
characteristics of which are related to the
myocardial structure and function. Namely
the IBS intensity is sensitive to the myocar-
dial histopathologic alterations>® and its
cyclic systo-diastolic variations are related
to left ventricular contractile function’:.

Some authors analyzed the structural
and functional manifestations in preclinical
thalassemic cardiopathy®!4, but none of
them used AD.

The aim of this study was to verify
whether AD can detect any structural
and/or functional myocardial alterations in
thalassemia major patients without clinical
or conventional echocardiographic signs of
cardiac dysfunction.
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Methods

Three groups of subjects (age range 15-46 years)
were analyzed: 25 with beta-thalassemia major (group
A), 14 with thalassemia intermedia (group B) and 10
healthy subjects (group C). Basal characteristics of the
patients are summarized in table I. All patients were
asymptomatic and without conventional echocardio-
graphic signs of systolic!® or diastolic'® dysfunction
(Table II). In no case did the patients have a history of
congenital cardiopathies, valve pathologies, rhythm
disorders, arterial hypertension or diabetes mellitus.

Group A patients were receiving transfusion thera-
py, generally started within the first 2 years of life and
then continued every 3 weeks to achieve a mean ery-
throcyte consumption equivalent to 120 ml/kg/year/pa-
tient!”. They were also receiving chelating agents, con-
sisting of deferoxamine subcutaneously infused by
means of a microinfusor 5-6 days a week at a mean
dosage of 40 mg/kg/day to maintain the serum ferritin
(SF) levels < 1000 ng/ml. Group B patients only occa-

Table I. Basal characteristics of the three groups of patients.

Group A Group B Group C
Age (years) 26.1 £10.2 253+73 24.8 £ 6.6
Sex (M/F) 7/18 4/10 3/7
BSA (m?) 147 +0.24 1.50 £ 0.31 1.51+£0.22
SH (g/dl) 9.6 0.7 8.1x1.1 14.4 +0.6*
SF (ng/ml) 1918 £ 1172 692 + 418%* 59 + 22%%**
LIC (pg/g) 1432 + 821 619 + 389% NE

BSA = body surface area; LIC = liver iron concentration; NE =
not evaluated; SF = serum ferritin; SH = serum hemoglobin. * p
= 0.001 groups A and B vs group C; ** p = 0.0009 group A vs
group B; ¥#*% p=0.0001 group A vs group C and p =0.001 group
B vs group C; ¥ p=0.001 group A vs group B.

Table II. Conventional echocardiographic and Doppler findings
in the three groups of patients.

Group A Group B Group C
EF (%) 64.2+6.1 64 +74 62.8 £6.8
FS (%) 433+5.8 39.6+6 40.6 +6.4
IVRT (ms) 785154 83.7+10.4 86.2+143
E/A ratio 1.86 £0.5 1.56 £0.2 2.07 £0.5%
DTE (ms) 202 + 35 193 £31 205 + 44
IVRT® 283+0.5 3.04+0.4 291+0.5
E/A ratio® 0.0671 £0.01 0.0569 £0.01  0.070 +£0.01
DTE?} 73+13 7+1.2 69x14
LVM (g/m?) 94 £229 90.6 +19.9 81.7+19.5
LVEDV (ml/m?) 58.8 +16.2 59.7+£10.7 52.1+9.2
LVESV (ml/m?>) 2198 21.7+4.38 193 +3.6

DTE = E-wave deceleration time; EF = ejection fraction; FS =
fractional shortening; IVRT isovolumic relaxation time;
LVEDV = left ventricular end-diastolic volume; LVESV = left
ventricular end-systolic volume; LVM = left ventricular mass in-
dex. * p =0.006 group B vs group C; ¥ heart rate corrected.
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sionally had received blood transfusions (i.e. during
pregnancy). All patients were free of any medications
(except deferoxamine in group A).

All subjects underwent two-dimensional color
Doppler echocardiography performed using a Sonos
5500 instrument (Hewlett-Packard, Agilent Technolo-
gies, Andover, MA, USA) with a 3s transducer, during
simultaneous electrocardiographic monitoring and ac-
cording to the criteria and the recommendations previ-
ously described'®!?. The ultrasonic myocardial IBS
was analyzed using an AD module, according to the
methods previously described®#. In brief, we recorded
the signal in the parasternal long-axis view with an el-
liptical region of interest placed in the mid myocardium
at the septum and posterior wall, both at the basal and
intermediate levels. Care was taken to exclude the spec-
ular echoes arising from the myocardial wall bound-
aries. The average intensity of the IBS (average image
intensity) was measured. The systo-diastolic variations
of IBS were also calculated and expressed both as the
cyclic variation index (CVlIibs) and as the peak-to-peak
intensity (PPI). The diameters, wall thickness and per-
cent fractional shortening of the left ventricle were
measured in accordance with the recommendations of
the American Society of Echocardiography!8. Left ven-
tricular mass was determined using Devereux equa-
tion?°. Left ventricular end-diastolic and end-systolic
volumes and ejection fraction were calculated using the
Simpson’s formula?!. Left ventricular mass and vol-
umes were calculated as the mean of five measure-
ments taken during five consecutive cardiac cycles and
normalized for the body surface area. The Doppler
transmitral flow velocity profile was obtained from the
apical 4-chamber view according to standard tech-
niques?>?3 and the early peak of flow velocity (E-wave),
late peak of flow velocity (A-wave), E/A ratio and E-
wave deceleration time were assessed. The isovolumic
relaxation time was also evaluated’®. Each of the
Doppler indexes was calculated as the mean of five
measurements taken during five consecutive cardiac
cycles and corrected for heart rate in accordance with
Bazett’s formula®, in order to avoid the impact of heart
rate on the assessment of Doppler indexes?®.

The SF and liver iron concentrations (LIC), com-
monly considered and used as markers of tissue iron
storage?’-?, were also evaluated using the nephelomet-
ric method and magnetic biosusceptometry?’ respec-
tively. Magnetic biosusceptometry was performed only
in group A and group B patients using a biosuscep-
tometer 5700 3-Channel (Tristan Technologies Inc.,
San Diego, CA, USA). SF (ng/ml) and LIC (p.g/g) be-
tween 400 and 1000 and > 1000 were considered in-
dicative of mild or significant tissue iron storage, re-
spectively?’-%,

Statistical analysis. Data were expressed as mean =+
SD. The Student’s t test was used to compare the vari-
ables in the different groups; a p value of < 0.05 was
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considered statistically significant. Linear regression
analysis was performed to analyze the correlation be-
tween different parameters. A value of r> > 0.200 was
considered statistically significant.

Results

Group A and B patients showed anomalous serum
hemoglobin, SF and LIC values (Table I). The SF and
LIC were significantly lower in group B than in group
A, whereas the two groups of patients showed compa-
rable values of serum hemoglobin. In healthy subjects
(group C) both serum hemoglobin and ferritin were
normal.

The CVlIibs was significantly lower in groups A and
B than in group C at basal (22.7 = 8.4 vs 22.1 = 7.8 vs
31.8 £10.2%; p = 0.001) and intermediate septum (24.4
+ 7.6 vs 253 £8.1 vs 30 £ 9.8%; p = 0.03) and at basal
(259+£7.6vs24.5+6.1 vs31.1 +10.6%; p=0.02) and
intermediate posterior wall (25.1 £5.1 vs 24.3 £ 6.2 vs
30.2 £ 6.6%; p =0.02). The mean value of CVlIibs in the
four examined myocardial segments was significantly
lower in groups A and B than in group C (24.5 + 7.1 vs
24 +7 vs 30.8 £ 9.3%; p = 0.02). The PPI was also sig-
nificantly lower in groups A and B than in group C at
basal (4.9 £0.34 vs 5+£0.39 vs 6.5 + 0.42 dB; p=0.01)
and intermediate septum (5 = 0.29 vs 5.1 + 0.37 vs 6.2
+ 0.38 dB; p = 0.03) and at basal (5.1 £ 0.30 vs 4.8 +
0.31 vs 6.4 + 0.40 dB; p = 0.02) and intermediate poste-
rior wall (5 £ 0.38 vs 4.9 £0.29 vs 6.3 £ 0.26 dB; p =
0.02). Both the CVIibs and PPI were comparable (p =
NS) in groups A and B. The CVIibs and PPI showed no
significant correlation with ejection fraction (r> = 0.026),
left ventricular end-systolic volume (r> = 0.0005), iso-
volumic relaxation time (r> = 0.003) nor with E/A ratio
(> =0.022).

The average image intensity was not significantly
different in the three groups at basal (33 +7.6 vs 33.1 +

5.8 v§ 33.2 £ 6.8 dB; p = NS) and intermediate septum
(28 £8.3vs29.8 £7.9 vs 28 + 5.4 dB; p=NS) and at
basal (30.7 £ 8.2 vs 30 + 4.8 vs 28.9 + 6.4 dB; p = NS)
and intermediate posterior wall (26.8 = 5.6 vs 28.3 +
6.5 vs 26.2 £ 5.8 dB; p =NS).

Left ventricular mass (g/m?) and volumes (ml/m?),
although higher in thalassemic patients than in healthy
subjects, showed no significant difference between the
three groups (Table II). No correlation was found be-
tween average image intensity and SF (1> = 0.008), be-
tween average image intensity and LIC (r> = 0.008), be-
tween cyclic variation indexes and SF (12 = 0.016) and
between cyclic variation indexes and LIC (r? = 0.032).

With regard to group A, the average image intensity
and CVlibs values showed no significant difference be-
tween patients with SF < and > 1000 ng/ml nor between
those with LIC < and > 1000 p.g/g (Table III).

Discussion

Cardiomyopathy is a frequent cause of morbidity
and mortality in patients with beta-thalassemia ma-
jor!2, The cardiac involvement, easily detectable in ad-
vanced stages of the disease, is difficult to diagnose in
the early phases when it is often clinically silent. In
these latter stages, even the conventional echocardio-
graphic indexes of both systolic®'# and diastolic!!-?3 left
ventricular functions are often within normal limits.

Abnormal wall kinetics and thickening®, a reduced
end-systolic pressure/end-systolic volume ratio!! and a
decrease in ejection fraction during dobutamine
echocardiography'? have been described in patients
with beta-thalassemia major without heart failure and
with a normal ejection fraction. In none of these expe-
riences was the cardiac performance assessed by means
of ultrasonic backscatter techniques. In only two stud-
ies!31% was thalassemic cardiomyopathy analyzed us-
ing ultrasonic tissue characterization methods, but in

Table III. Densitometric findings in the two different subgroups of thalassemia major patients.

SF (ng/ml) LIC (ngl/g)
< 1000 > 1000 < 1000 > 1000

ATl (dB)

bIVS 33974 325+6.5 332+7.1 32.8+6.8

mIVS 30.6 £6.9 27.5+17.8 29.8 8.5 28.2+8.3

bPW 31.7+7.8 29.6 + 8.4 304 +£6.9 30.8 8.1

mPW 28.2+6.1 26.3+5.8 279+6.2 26.8+5.6
CVlibs (%)

bIVS 21.9+75 233+7.8 22.8 £8.3 224 +84

mIVS 23.9+7.6 25.1+79 242 +6.8 248 +7.1

bPW 264+7.4 25.8+6.4 26.3+6.9 259+17.38

mPW 254 +£5.6 24.8+6.2 25.8+4.9 252 +53

AllI = average image intensity; bIVS = basal interventricular septum; bPW = basal posterior wall; CVIibs = cyclic variation index of in-
tegrated backscatter signal; dB = decibel; LIC = liver iron concentration; mIVS = intermediate interventricular septum; mPW = inter-

mediate posterior wall; SF = serum ferritin.
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none of them was the AD used or the cyclic variation of
the ultrasonic backscatter signal evaluated.

Wickline et al.”8 documented a reverse correlation
between myocardial contractility and cyclic variations
of the ultrasonic backscatter signal. This correlation
may be explained by the structural and functional prop-
erties of the myofibrils, the alterations of which may in-
fluence both myocardial contractility and (as scatter-
ers) the characteristics of the ultrasonic backscatter sig-
nal”8, According to these experimental observations,
the AD is able to show anomalous IBS cyclic variations
in many types of cardiopathy (ischemic, hypertensive,
diabetic, primitive cardiomyopathies) with consequent
abnormalities in the cardiac function30-40,

In our experience the AD was used in subjects with-
out clinical nor conventional echocardiographic signs
of heart failure. In this kind of patients a correlation be-
tween IBS cyclic variations and myocardial contractil-
ity has not been clearly demonstrated. However, since
cyclic variations of IBS were significantly lower in
group A than in healthy subjects (group C), it is possi-
ble that in asymptomatic patients with thalassemia ma-
jor an initial myocardial contractile defect is present,
despite a normal systo-diastolic function. In agreement
with this hypothesis, we found no correlation between
cyclic variation indexes (related to myocardial contrac-
tility) and the echocardiographic parameters such as
ejection fraction, left ventricular end-systolic volume,
E/A ratio and isovolumic relaxation time (dependent on
cardiac function).

The possible pathophysiologic mechanisms under-
lying the alterations in cyclic variation of IBS in our pa-
tients are the cardiac volume overload resulting from
chronic anemia*!#? and/or myocardial iron storage re-
lated to blood transfusions'. So we also used a control
group (group B) of patients with chronic anemia (tha-
lassemia intermedia) but without significant myocar-
dial iron overload because only occasionally trans-
fused. Of interest, these patients also showed signifi-
cantly reduced cyclic variations of IBS. In keeping with
this observation, we hypothesize that densitometric al-
terations, observed in our patients (groups A and B) as
markers of possible early myocardial contractile dys-
function, are related to chronic anemia and to the con-
sequent cardiac volume overload rather than to he-
mochromatosis. This hypothesis is also supported by
the following data: 1) the lack of any correlation be-
tween cyclic variation indexes and the conventional in-
dexes of tissue iron storage (SF and LIC); 2) no signif-
icant difference in CVlibs in group A between patients
with mild (SF < 1000 ng/ml; LIC < 1000 pg/g) or
moderate-severe (SF > 1000 ng/ml; LIC > 1000 pw.g/g)
iron storage (Table III).

In this study the IBS intensity (expressed as average
image intensity) in thalassemia major patients was not
significantly different to that observed in healthy sub-
jects. This parameter appeared therefore unreliable in
identifying thalassemic cardiomyopathy in its preclini-
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cal stages. Left ventricular mass was also not signifi-
cantly different in the three groups (Table II). These da-
ta are in contrast with those reported by Lattanzi et
al.’314 who found an increased echoreflectivity and
myocardial mass in patients with beta-thalassemia ma-
jor. This discordance might be due to the different ul-
trasonic tissue characterization methods used by these
authors. Moreover, it is possible that the patients ana-
lyzed in this study had more widespread myocardial fi-
brosis, which is a major determinant of the myocardial
echoreflectivity>° and is also one of the histopatholog-
ic abnormalities contributing to the increase in myocar-
dial mass.

The quantitative assessment of myocardial iron
stores in patients with thalassemia major is an unsolved
problem, because there is no noninvasive and accurate
method able to measure the iron load in the myocardi-
um. SF and LIC are considered and used as indexes of
tissue iron storage?’-?%, but their linear relationship with
the extent of myocardial iron deposits is inconstant.
Furthermore, invasive procedures, such as endomy-
ocardial biopsy, cannot be proposed as a routine tech-
nique for these patients who are generally asympto-
matic and clinically stable. Our data do not support the
hypothesis that the IBS intensity, detected at AD, is re-
lated to the extent of myocardial iron stores. This, ow-
ing to the following observations: 1) there was no sig-
nificant difference in the average image intensity be-
tween patients with thalassemia major and other sub-
jects (groups B and C) who, not being submitted to
such numerous transfusions, did not present with my-
ocardial hemochromatosis; 2) among group A patients,
no significant difference in the average image intensity
was observed between subjects with probably mild (SF
< 1000 ng/ml; LIC < 1000 p.g/g) and those with proba-
bly more severe (SF > 1000 ng/ml; LIC > 1000 pg/g)
myocardial iron stores (Table III); 3) there was no cor-
relation between the average image intensity values and
the conventional indexes of tissue iron storage (SF and
LIC).

A sufficient follow-up time will be necessary to as-
sess the prognostic value of the densitometric parame-
ters, in particular whether low IBS cyclic variations are
able to identify those patients who are at a greater risk
of developing a symptomatic thalassemic cardiomyopa-
thy and related events. The identification of a CVIibs (or
PPI) cut-off value, indicative of a reduced myocardial
contractility and of a poor prognosis in this type of pa-
tients, should induce the clinical use of AD. In fact, this
technique should allow us to identify those thalassemic
patients requiring a close follow-up, an intensive trans-
fusion and chelation therapy and an earlier use of drugs
for heart failure.

In conclusion, in patients with beta-thalassemia ma-
jor, even if asymptomatic and with normal convention-
al indexes of systo-diastolic cardiac function, AD is
able to reveal reduced cyclic variations of the IBS as a
possible marker of initial myocardial contractile defi-
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ciency. On the contrary, in these patients AD does not
seem to be useful for the detection and quantification of
the myocardial iron load and related histopathologic al-
terations. The densitometric alterations in the early
phases of thalassemic cardiomyopathy are likely to be
dependent on the cardiac volume overload resulting
from chronic anemia rather than from myocardial iron
storage.
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