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Background & objectives: Early atherosclerosis and vascular complication have been described in
thalassaemia patients. There is lack of data or guidelines regarding monitoring of vascular health in
thalassaemia. This study was conducted to compare carotid artery structural and functional indices
such as carotid artery intima-media thickness (CIMT), stiffness index (SI) and Young’s elastic modulus
(YEM) in p-thalassemia patients with age and sex matched controls, and to correlate these parameters
with serum ferritin, cardiac iron, and hepatic iron.

Methods: This cross-sectional study included 53 p-thalassaemia patients receiving regular blood
transfusions. Carotid artery indices such as CIMT, SI, and YEM were calculated by duplex ultrasound
and colour Doppler. Serum ferritin levels were measured by chemiluminescence. Cardiac and hepatic
iron estimation were done using MRI T2* sequences analyzed by a special thalassaemia software.

Results: Mean CIMT of cases and controls were 0.48 + 0.04 and 0.44+0.02 mm, respectively and these
were significantly different (P<0.001). Similarly significant differences were noted in SI and YEM of
cases (2.45+0.79 and 96.12+34.85, respectively) as compared to controls (1.98+0.54 and 68.60+24.29,
respectively) (P<0.001). There was significant inverse correlation between stiffness index and cardiac
iron overload assessed by MRI cardiac T2* (P=0.03). Mean SI and YEM of cases were (2.1736 + 0.2986
and 107.3+ 41.6, respectively) significantly higher among non-splenectomized patients compared to
splenectomized patients (2.0136 + 0.263 and 86.9 + 25.2, respectively) (P<0.05).

Interpretation & conclusions: CIMT and arterial stiffness indices were significantly increased in
p-thalassaemia patients compared to controls which was indicative of early atherogenic changes.
This study supports the hypothesis that iron overload is a risk factor for early atherosclerosis and
cardiovascular disease.
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The prevalence of beta-thalassaemia is estimated
to be 3-4 per cent in India and about 10,000
thalassaemic infants are born annually in India'?. With
advances in the quality of blood transfusion their life
expectancy has increased, and more thalassaemics are
entering adolescence and adulthood. Iron overload,
an inevitable consequence of transfusion therapy,
manifests as cardiovascular, endocrine, hepatic and
other complications. Cardiac iron overload is the
leading cause of mortality in thalassaemic patients and
is measured non-invasively with magnetic resonance
imaging T2* (MRI T2*)°. However, much less is known
about the degree of vascular affection and impact of
iron toxicity on the cardiovascular system as a whole.

Several cross-sectional control-based follow up
studies have shown a strong and graded association
between atherosclerosis (measured by carotid intima-
media thickness CIMT) and increased incidence of
atherosclerosis, myocardial infarction and stroke. Iron
overload has been documented to cause endothelial
dysfunction via oxidative damage, causing early and
accelerated atherosclerosis*®. Vascular events such as
thrombotic occlusions of the cerebral, portal, retinal,
and coronary circulations are described in patients with
excess iron, although there are currently sparse data and
a lack of Indian studies regarding the mechanism of
such events™. The present study was aimed to evaluate
the vascular integrity and various stiffness indices in
thalassaemic patients compared to age matched healthy
controls, and correlate these indices with cardiac and
hepatic iron status.

Material & Methods

In this cross-sectional study, a total of 53
consecutive (33 males and 20 females) -thalassaemia
major patients receiving regular blood transfusions at
Nanavati Hospital, Mumbai, Maharashtra, India, were
enrolled according to inclusion and exclusion criteria
between November 2011 and November 2012 and
compared with a control group of 25 age-matched,
healthy volunteers (16 males and 9 females). Individuals
with compounding risk factors for atherosclerosis
like hyperglycaemia, hypertension, hyperlipidaemia,
smoking, or obesity were excluded from both study
and control groups. Informed written consents were
taken from patients after receiving ethical clearance
from the hospital ethics committee.

Serum ferritin level was determined by
chemiluminescence  (Elecoys  Ferritin,  Roche,
Germany). Liver and cardiac iron levels were estimated

using magnetic resonance images (MRI T2*) with a
1.5-Tesla Siemens Sonata machine using CMR Tools
developed by Imperial college Siemens, Germany.
Cardiac iron was defined by MRI T2* values of 20-
10 ms as moderate and <10 ms as severe”'’. Similarly
hepatic iron overload was defined by MRI T2* values
as mild (6.3-2.7 ms), moderate (2.7-1.4 ms) or severe
(<1.4 ms)"

Carotid artery ultrasound and Doppler studies™?*'°:

B-mode and colour coded duplex sonography
of common carotid arteries was performed in all
participants using Philips IU 22 X matrix machine,
USA with a high frequency L12-5 MHz probe
using the Q Lab IMT software, USA. All ultrasound
examinations were performed by a single experienced
radiologist who was unaware of the clinical details of
cases and controls.

The common carotid vessels were evaluated
for subintimal lucency, atherosclerotic plaques, and
intima-media thickness (CIMT). CIMT was defined
as the distance between the junction of the lumen and
intima and that of the media and adventitia. CIMT was
measured in a 1cm segment proximal to the bifurcation
of the artery and expressed in millimeters. For each
subject, measurements on both sides were obtained and
the average of two sides was considered the patient’s
mean CIMT.

The carotid artery diameters, systolic diameter
(Ds) and diastolic diameter (Dd), were measured by
echo tracking of arterial wall motion during systole
and diastole. The diameter-change waveform was
calculated by subtracting the distance of the near wall
from that of the far wall. D = mean (average) diameter
was calculated manually. Diameters were calculated in
centimeter and expressed in millimeter for uniformity
of data information.

By using CIMT, Ds, Dd and blood pressure indices
for arterial stiffness were calculated'”'s.

(i) Stiffness index (SI): indicates rigidity of arterial
wall and is calculated as

SI = Ln (SBP/DBP) / ((Ds-Dd)/D),

SBP, systolic blood pressure; DBP, diastolic blood
pressure

Ln, natural logarithmic value; SI, ratio of natural
logarithm (systolic blood pressure/diastolic blood
pressures) to relative change in diameter, and expresses
local stiftness of the arterial wall obtained from the
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relationship between vessel diameter and artery
pressure values.

(ii) Young’s elastic modulus (YEM): a measure of
elasticity or pressure change required to theoretically
stretch the artery 100 per cent from baseline per unit
area!”!s,

YEM is calculated as: [(SBP - DBP) x Dd)]/ (Ds —
Dd) /IMT

The average of both sides was taken as mean SI
and mean YEM.

The sample size was calculated based on two
sample size mean. It was hypothesised that a difference
of 0.04 mm CIMT was clinically significant based on
our internal data. For an alpha of 0.5 and beta power
of 0.1 and expected variance of 0.0016, we calculated
sample size of 22 in each arm, but enrolled more cases
than control in almost 2:1 ratio.

Statistical analysis: The data were analyzed using
SPSS software (version 13) (SPSS Inc, Chicago,
USA). The correlation between variables (cardiac
T2*, liver T2*, serum ferritin, CIMT, SI, YEM) were
analyzed using Pearson’s coefficient of correlation. To
compare variables between thalassaemic patients and
healthy controls, unpaired t test was applied, and where
normality test failed, Mann-Whitney test was applied.

Results

The cases (n=53) were between 13 and 33 yr with 20
cases (37.7%) below 20 yr, 24 cases (45.3%) between
21 to 25 yr and nine (17%) above 25 yr. Controls were
equally distributed in the age groups defined above (<20
yr- 8 controls, 21-25 yr- 8 controls, >25 yr- 9 controls)
and had same baseline characteristics as cases. The
mean ages were 21.85+4.58 and 22.084+4.46 yr in cases
and controls, respectively. All patients were on regular
blood transfusion, with an average blood requirement
of 134.54 ml/kg/yr. Their mean pre-transfusion Hb
was 9.1g/dl. Twenty nine of 53 patients (54.7%) were

splenectomized. Fifty of 53 patients (94.4%) were
on various chelation therapy (compliance and dosage
not assessed) with either a single chelating agent
(deferasirox) or on combination therapy (deferasirox
and deferiprone or desferrioxamine). The mean ferritin
level was 3773.38 ng/l £ 3133.18 (range of 300
to16000 ng/l). Of the total number of patients studied,
29 (54.7%) had evidence of cardiac iron overload, 10
(18.9 %) had severe cardiac iron overload, 48 (90.6%)
had evidence of liver iron overload with 39 (73.6%)
showing moderate to severe liver iron overload.

The mean CIMT of patients was (0.484+0.04mm)
which was significantly higher than that of controls
(0.44+£0.02mm) (P<0.001). Stiffness index (SI) in
patients (2.45+0.79) was significantly (P<0.001)
higher than controls (1.98+0.54). Similarly YEM
was also significantly (P<0.001) elevated in cases
(96.12+34.85) as compared to controls (68.60+24.29)
(Table I). There was a significant negative correlation
between SI and cardiac iron overload with Pearson
correlation coefficient value of -0.292 (P=0.03) (Table
II, Figure). No correlation was found between mean
CIMT, YEM, and cardiac iron overload. There was no
significant correlation between hepatic iron overload
and mean CIMT, SI, or YEM. Serum ferritin correlated
poorly with mean CIMT, SI, and YEM. A subset
analysis of comparison between splenectomized and
non-splenectomized thalassaemic children is presented
in Table II1.

Discussion

Elasticity is primarily determined by the structural
component of the arterial wall, vascular smooth muscle
tone and transmural distending pressure'**°. Alterations
of arterial structures with disruption of elastic tissue and
calcification have been demonstrated in patients with
B-thalassaemia major and may translate functionally
into alteration of arterial stiffness in vivo. Arterial
stiffness and Young’s elastic modulus are important
mechanical properties, because these are related to

Table 1. Comparison of variables between case and control groups

Values are mean + SD

Variable Cases Controls P value
(n=53) CIMT (mm) (n=25) CIMT (mm)

Mean CIMT (mm) 0.48 +0.04 0.44 +0.02 0.001

Mean stiffness index 2.45+0.79 1.98 £0.54 0.001

Mean YEM 96.12 +34.85 68.60 +24.29 0.001

CIMT, carotid artery intima-media thickness; YEM, Young’s elastic modulus
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Table II. Correlation of variables with average cardiac and liver iron overload

Variables

Cardiac MRI T,* (ms) Pearson’s correlation (P value)

Liver MRI T,* (ms) Pearson’s correlation (P values)

Serum ferritin 0.089 (P=0.5)

Mean CIMT 0.066 (P=0.64)
Mean SI -0.292 (P=0.03)
Mean YEM -0.251 (P=0.07)

-0.302 (P=0.02)
0.017 (P=0.9)
-0.188 (P=0.17)
-0.186 (P=0.18)

Table I11. Comparison of variables between splenectomized and non-splenectomized beta-thalassaemia major patients

Values are mean = SD

Variables Non-splenectomy cases (n=29) Splenectomised cases (n=24) P value
Blood transfusion (ml/kg/yr) 152+ 34 116 £53 <0.05
Serum ferritin (ng/ml) 4346 + 2873 3300 = 3307 0.11
Mean CIMT (mm) 0.48 £0.05 0.47 £0.04 0.15
Mean SI 2.1736 +0.2986 2.0136 +£0.2630 <0.05
Mean YEM 107.3 £ 41.6 86.9+252 <0.05

vascular impedance and in turn to the afterload that
is presented to the left ventricle. It is presumed that
changes in elasticity / stiffness can be detected before
clinically apparent vascular disease, and act as early
marker for development of atherosclerosis.

Various theories have been proposed for early
atheromatous changes associated with thalassaemia.
Myocardial parenchymal damage generally occurs
secondary to iron deposition, atherogenic vascular
complications described in [-thalassaemia patients

have been largely attributed to an increase in lipid
peroxidation caused by toxic hydroxyl radicals
generated by the Haber-Weiss reaction'®. Free heme
and iron produced during haemolysis decrease
production of nitrous oxide causing vasoconstriction,
endothelial dysfunction and diffuse vascular elastic
tissue injury. Duffy et al’! have shown that iron
chelation with desferrioxamine in adults with coronary
artery disease improves endothelium dependent
vasodilatation. Moreover, hypercoagulability is also

’ Correlation between mean stiffness index & cardiac T2* MRI (ms) ‘
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Figure. Correlation between mean stiffness index and cardiac iron overload (cardiac MRI T2%*).
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a well described entity in thalassaemia®’. Oxidative
damage due to iron overload leads to endothelial
dysfunction and overexpression of adhesion molecules
(ICAM, VCAM) and along with increased platelet
aggregation and membrane abnormality, leads to early
atherosclerosis and vascular damage?'. Pathologically
it is reflected as psudoxanthoma like changes in vessels
wall, i.e. elastorhexis, thickening and calcification of
elastic tissue of vessel wall before overt atherosclerosis
is established”. Anaemia is now considered to be one
of the independent risk factors responsible for early
atherosclerosis®.

In accordance with other studies, we also noted that
CIMT increased with advancing age of thalassaemia
patients. Patients were divided in age groups of
<20 yr, 21 to 25 yr and >25 yr and the mean CIMT
values were 0.47, 0.48 and 0.49 mm, respectively.
Also, CIMT was significantly higher in thalassaemic
patients as compared to age and sex matched controls
indicating early onset of atherosclerosis.

Our study showed a correlation between cardiac
siderosis and arterial stiffness and an absence of
correlation between hepatic siderosis and arterial
stiffness. Cusma Piccione et al* studied the correlation
between cardiac iron sores and arterial stiffness. This
may be due to different iron kinetics in the liver and
the cardiovascular system. Cardiomyocytes may also
be damaged by non-transferrin bound iron (NTBI)
without overt iron overloading which may indicate a
higher sensitivity of the cardiomyocytes and vascular
endothelial cells to the oxidant effect of iron®. As iron
chelators remove iron more readily from the liver than
from the heart, vascular system involvement may need
intense chelation therapy for prevention of vascular
complications. In the present study no attempt was
made to evaluate effect of iron chelation on CIMT or
stiffness indices.

In our study there was no correlation between CIMT
and cardiac or hepatic iron overload, perhaps because
of the relatively young patients and small sample size.
The cases had a significantly higher stiffness index
than controls and were at an increased risk of early
atherosclerosis and hence at risk for cardiovascular
morbidity. YEM was significantly higher in cases as
compared to controls, indicating impaired distensibility,
but it did not correlate with cardiac and hepatic iron
overload. The stiffness index correlated with cardiac
iron load. Our observations demonstrated that carotid
artery stiffness increased with an increase in cardiac
iron overload and that the cardiac MRI T2* not only

reflected the severity of cardiac iron overload but also
impaired arterial elasticity. Our findings show that
cardiac MRI T2* can also be a useful marker for overall
cardiovascular health and that serum ferritin does not
correlates with CIMT or SI and YEM, indicating that
serum ferritin alone is a poor marker of vascular health.

Limitations of the study included descriptive, cross-
sectional nature with no follow up, smaller sample size
and heterogeneity of thalassaemia population. Though
anaemia is one of the confounder in atherosclerosis,
its effect was minimised due to high pre-transfusion
Hb levels. Nitric oxide is a protective factor that
requires arginine for production in the endothelium.
Haemolysis itself leads to decreased arginine and
increased arginase levels. This leads to decreased nitric
oxide, which normally opposes vasoconstriction and
LDL oxidation?’. We have not evaluated effect of NO
on atherosclerosis. It is possible that some changes in
carotid artery dynamics in our patients may be related
to decreased nitric oxide due to haemolysis, in addition
to iron overload. We did not evaluate the effect of
chelation on arterial flow dynamics which would have
been more clinically relevant.

In conclusion, our study showed that the CIMT
increased in thalassaemia patients, as compared
to age and sex matched controls, indicating early
atherosclerosis. Further, arterial stiffness increased
significantly as cardiac iron overload increased, but
there was no significant correlation between CIMT
and cardiac or hepatic iron overload nor was there
any correlation between arterial stiffness and hepatic
iron overload. Further studies will be required to see if
these early changes of atherosclerosis in thalassaemia
patient are reversible with intensive chelation therapy
to prevent vascular events.
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