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Abstract: Background: Heart diseases due to iron overload are still the main cause of mortality in patients affected
by beta-thalassemia. Detection of cardiac iron overload in pre-clinical stage allows tailoring of chelation therapy and
follow-up strategies. Echocardiographic longitudinal strain analysis may be a useful tool for early detection of car-
diac functional impairment iron-related. Methods: We examined 58 patients with beta-thalassemia on regular blood
transfusion and iron chelation, without overt cardiac disease who had recent Biosusceptometry SQUID to quantify
liver iron concentration and cardiac assessment by CMR T2*. Results: Average global longitudinal strain (GLS) was
able to identify abnormal (<20 ms) cardiac T2* values with 96% specificity and negative predictive value of 92%
(AUC 0.84, P=0.01). Apical 4-ch GLS may help identify early longitudinal impairment associated with severe liver
iron overload with 96% specificity and negative predictive value of 92% (AUC 0.84, P=0.02). Patients with severe
liver iron overload had lower average Global Longitudinal Strain values compared to other patients (P-value =0.005).
Conclusion: GLS was a sensitive marker to detect both myocardial and liver iron overload in a population that is still
free from cardiac symptoms. Thus, strain echocardiography may be a useful tool for early detection of iron overload
in Beta-thalassemia.
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Introduction semic populations following standard therapy.
Estimation of myocardial and hepatic iron over-
load by means of cardiac magnetic resonance
(CMR) and Biosusceptometry SQUID (Super-

conducting Quantum Interference Device) have

In the last decades the survival of patients
affected by thalassemia celebrated a progres-
sive increase. This is to be attributed to both

the improvement of scientific knowledge and to
the introduction of new therapeutic strategies,
above all iron chelation drugs [1].

Life expectancy and complication-free survival
of these patients is still growing, modifying phy-
sicians’ own view of thalassemia. Thalassemia
was once considered a life-threatening, pediat-
ric disease, now it has become a chronic dis-
ease that, if adequately treated, allows patients
to live adult age [1, 2].

Nowadays, heart disease has dramatically
declined as a cause of mortality in the thalas-

improved the ability to tailor chelation therapy
to each single patient, thus reducing the rate of
deaths from iron overload cardiomyopathy from
60% to 28% of deaths between 2010 and 2015
[3]. Cardiac monitoring earned a key role in the
long-term management of these patients: the
gold standard technique for detection of cardi-
ac iron overload is still CMR with T2* measure-
ment [4, 5]; however, echocardiography also
have a relevant role in its monitoring [6].

Strain imaging is a relatively new tool in echo-
cardiography that has been proven to be help-
ful in many different clinical conditions [7-10].
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Indeed, myocardial strain-similarly to Tissue
Doppler analysis - is the expression of ventricu-
lar wall deformation (meaning good contractile
capacity) during the cardiac cycle [11].

Very few previous studies have directly investi-
gated the potential role of strain imaging in
iron-loading conditions [12]. In the present
paper we tested whether myocardial strain
parameters were able to stratify iron-loaded
patients with particular attention to hepatic
iron storage assessed with the gold standard
Biosusceptometry SQUID (Superconducting
Quantum Interference Device).

Since early detection of cardiac iron overload
benefits the most those patients who do not
present clinically detectable cardiac function
impairment, we selected a sample of patients
with transfusion-dependent beta-thalassemia
and without overt signs of cardiac disease (see
below the exclusion criteria).

Materials and methods

We enrolled consecutive transfusion-depen-
dent thalassemia patients undergoing regular
blood transfusion and iron chelation at our
centers (“Reference Centre for Haemoglobino-
pathies, at San Luigi Hospital, Orbassano and
“Blood Bank” at Molinette Hospital, Turin, Italy).
The study was conducted in accordance with
the Declaration of Helsinki. Although this study
involves a prospective evaluation no ethical
approval was obtained because it involved rou-
tine not-invasive procedures done for direct
benefit of the patients: all included patients
gave their informed consent on admission for
data collection and future publications in anon-
ymous studies.

Inclusion criteria

Patients with previous Biosusceptometry SQ-
UID (Superconducting Quantum Interference
Device) tand cardiac and liver MRI with T2*
within the last 12 months.

Exclusion criteria

Clinical signs of heart failure, valvular heart dis-
ease, pulmonary hypertension, arrhythmias,
left ventricular ejection fraction (LVEF) <55%,
ongoing pregnancy, age <18 years or history of
coronary artery disease, a poor-quality acoustic
window non-suitable for strain measurement.
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Transthoracic echocardiography was perform-
ed 4 to 9 days after blood transfusion to ensure
hemodynamic stability, using a Vivid 7 GE
(General Electric, USA) ultrasound system (2.5-
3.5 MHz). The assessment was run by two
expert physicians that were blinded to patients’
clinical information until the end of the study.
Cardiac cycles were stored in a digital format
(Echopach, General Electric, USA). Chamber
dimensions, flow Doppler and TDI were deter-
mined by standard procedures [13, 14]. Global
longitudinal strain (GLS) was calculated by 2D
specked tracking echocardiography (STE). For
all the measurements, intervals from 3 consec-
utive cardiac cycles were stored and averaged.

Clinical and hematological data of the enrolled
patients were collected. Liver iron concentra-
tion (LIC) was measured by SQUID biomagnetic
susceptometer (Model 5700 Tr istan Techno-
logy, S.Diego CA). In order to distinguish among
different degrees of liver iron overload we
chose the universally-accepted cut-off of 7
mg/g dry weight (corresponding to 1200 mcg/g
wet weight for liver iron concentration by SQ-
UID) to define a moderate iron concentration
and a LIC>15 mg/g d. w. (corresponding to
2571 mcg/g w.w.) for severe iron liver concen-
tration [15].

We defined moderate cardiac iron overload if
T2*<20 ms and severe cardiac iron overload if
T2*<10 ms, according to literature [16].

Since our main working hypothesis was myo-
cardial strain reduction as an early sign of iron
toxicity, we divided our population in two sub-
groups according to strain values. On the basis
of the literature [12, 17-20], we selected two
possible cut-off values of GLS, specifically -19%
and -17.5%, to define abnormal myocardial
strain.

Statistical analysis

All data were analyzed using SPSS version 20.0
(IBM) statistical package. Categorical data are
presented as frequency and percentage (%).
Continuous variables were presented as mean
+ standard deviation (SD), median, minimum
and maximums. The comparisons among
groups were made by unpaired Student t test or
Fisher’s exact test for continuous variables with
normal distribution. Mann-Whitney U tests was
used for continuous variables with non-normal
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Table 1. Clinical characteristics of the study population (N=58)

median First quartile third quartile min max
Start of Chelation (age in years) 3.85 2.8 6.275 1 33.9
First Transfusion (age in years) 0.8 0.4 1.3 0.2 33.4
Serum Ferritin pg/L (mean) 778.85 396 2162 155 6891
LIC (last) 1308 1079 2011 664 5053
AST (mean) 32.29 26.58 40.8 18.96 130.42
ALT (mean) 32.89 19.1 62.3 10.25 199.52
T2* heart (last) 39.705 33.27 45.68 7.37 56.42
T2* liver (last) 9.86 4.79 15.06 0.68 37.19
Stiffness (Fibroscan) 5.13 4.43 6.83 3.5 12.4
Serum Ferritin pg/L (mean) 778.85 396 2162 155 6891
LIC (last) 1308 1079 2011 664 5053
T2* heart (last) 39.705 33.27 45.68 7.37 56.42
T2* liver (last) 9.86 4.79 15.06 0.68 37.19
Age at diagnosis (years) 0.6 0.375 1 0.1 3.8
AST = aspartate transaminase; ALT = alanine transaminase; LIC = liver iron concentration.
Table 2. Echocardiographic characteristics (N=58)
Echocardiographic Findings T2*<20ms T2*>20ms Pvalue -0 2/ot LC<2781 e

mcg/g mcg/g

LV EF (%) 5912 6316 0.02 5915 6415 0.19
LV EDD (mm) 4712 4815 0.35 47+3 4815 0.08
LV ESD (mm) 26+6 29+3 0.03 28+3 29+4 0.28
Indexed LA Volume (ml) 51+3 46+14 0.03 47+25 49+18 0.43
Mitral E wave (m/s) 0.74+0.1 0.89+0.2 0.22 0.86+26 0.87+15 0.04
Mitral A wave (m/s) 0.49+0.1 0.61+0.2 0.17 0.59+20 0.60+16 0.49
Mitral E/A 1.5+0.3 1.6+£0.6 0.24 1.740.9 1.6+0.6 0.09
Lateral systolic Velocity (mm/sec) 10.7+2.8 10.7+2.6 0.91 943 1142 0.57
Lateral early diastolic Velocity (mm/sec) 14.5+1.5 15.7+4.1 0.04 1443 1614 0.63
RV EDD (mm) 33+1 3414 0.04 33%2 34+3 0.03
GLS AVG (%) 19.6+2.6 20.4+£3.7 0.98 18.7+#3.3 20.6+3.6 0.45
GLS 4CH (%) 18.6+3 20.4+2.6 0.91 173424 20.7+2.4 0.79
PAPs (mmHg) 25+5 2445 0.71 25+4 25+6 0.10

LV = left ventricle; RV = right ventricle; EF = ejection fraction; EDD = end-diastolic diameter; ESD = end-systolic diameter; LA =
Left Atrium; PAPs = pulmonary artery pressure; GLS AVG = average Global Longitudinal Strain; GLS 4CH = four-chamber apical

view GLS.

distribution and a Chi-squared test for categori-
cal variables. Pearson test was used to evalu-
ate correlations. Receiver-operating character-
istic (ROC) curve analysis was done to find a cut
off point for GLS based on detection of cardiac
iron overload. A two-tailed P value <0.05 was
considered statistically significant.

Results

From November 2017 to March 2018 we
enrolled 64 consecutive patients, of whom 58
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had an acoustic window suitable for strain
measurement and were finally included in the
analysis. Clinical and echocardiographic char-
acteristics are reported in Tables 1 and 2. Of
note, 29 patients were females (50%) and 29
were males (50%). The mean age was 40.4
years+7.9 years old (range 21-59). Fifty-four
patients had a diagnosis of Thalassemia major,
3 had Thalassemia intermedia and 1 Sickle-
beta thalassemia, and 65.5% of population
was splenectomized. The median value of aver-
age global myocardial longitudinal strain in our
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Table 3. Myocardial strain (in percentage) in studied population (N=58)

Mean £ SD Median IQ Range Range
GLS_LAX -18.84+3.79 -20.40 -(18.30-22.40) -(11.50-30.40)
GLS_A4C -19.59+2.69 -19.80 -(18.60-22.30) -(14.40-26.60)
GLS_A2C -20.87+£3.16 -21.30 -(19.30-23.40) -(13.50-27.10)
GLS_Avg -18.41+3.57 -21.00 -(19.70-22.20) -(13.00-24.30)

GLS = Global Longijtudinal Strain; LAX = long axis view; A4C = apical 4-chambers view; A2C = apical 2-chambers view; GLS_Avg

= Average global longitudinal strain; 1Q = inter quartile.

Table 4. Different distribution of main overload parameters according to average GLS cut-off

GLS Avg<17.5 GLS Avg>17.5

GLS Avg<19.5 GLS Avg>19.5

(n=5) (n=53) P-value (n=12) (n=46) P-value
EF (%) 56 64 0.01 59 64 0.01
T2* Heart (ms) 22 39 0.002 33.2 38.9 0.14
LIC (mcg/g) 3429 1477 0.001 2272 1482 0.02
Stiffness 6.5 5.8 0.47 6.6 5.7 0.12
T2* Liver (ms) 7.7 11.4 0.29 11 11 1.0

GLS Avg = Average global longitudinal strain; EF = ejection fraction; LIC = liver iron concentration.

sample was -20.40% (IQ range 18.30-22.40 %),
ranging from 11.50% to 30.50% (Table 3).

Cardiac iron overload

A total of 50 patients had T2*>20 ms (average
T2* of 41 ms; range 22-56), while eight patients
had pathological T2* values (i.e. <20 ms, with
average T2* of 12 ms; range 7-18).

A ROC curve exploration was performed and a
GLS cut-off value corresponding to -17.5% was
showed to have a 50% sensitivity and 96%
specificity to detect abnormal T2* values (AUC
0.846; P=0.011; see Table 4 and Figure 2) with
a negative predictive value of 92% and a posi-
tive predictive value of 67%.

Hepatic iron overload

We evaluated Liver Iron Concentration as-
sessed by SQUID. The correlation between the
GLS Avg levels with the Liver Iron Concentration
(LIC) was significant (r=-0.687, P=0.001). A cut-
off of 15 mg/g dry weight [21] was established
in order to detect patients with severe hepatic
iron overload. The two groups had significantly
different prevalence of pathological GLS:
patients with liver iron concentration <15 mg/g
d.w. had abnormal GLS (i.e. <19.0) in 14.2% of
cases while patients with severe liver iron over-
load had abnormal average GLS in 55.6% of
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cases, with a P-value of 0.005. Again, the best
cut-off resulted an average GLS<17.5, which
showed a Sensitivity of 50% and Specificity
of 83%, with a negative predictive value of 88%
and a positive predictive value of 83% (Figure
1). Interestingly, patients with severe hepatic
iron overload showed worse myocardial load
too (mean T2* 21 ms vs 40 ms). The relation-
ship among heart iron concentration, liver iron
concentration and strain values is reported in
Figure 3.

Discussion

The present study investigated the effective-
ness of myocardial strain measurement for the
early detection of iron toxicity in patients with
thalassemia.

We analyzed a sample of 58 patients undergo-
ing the gold standard treatment for beta-thalas-
semia, that is regular transfusion and intensive
iron chelation therapy. The median value of
average global myocardial longitudinal strain in
our sample was -20.40%: Pizzino et al. [22]
reported a similar median value (-20.6%) in a
group of 28 patients with similar characteris-
tics, as well as Abtahi et al. [10] who found a
mean value of 19.36%.

We screened and assessed cardiac iron over-
load by means of CMR T2* values, which is

Am J Cardiovasc Dis 2021;11(5):555-563



Echo-GLS as screening tool for myocardial and hepatic iron overload

Sensitivity

1.0 {J T
0.8
L
2 067
=
=
L]
=4
B 04 _/ —GLPS_LAX
===GLPS_A4C
GLPS_A2C
0.2 ==GLPS_Avg
Reference Line
0.0 T T T T
0.0 0.2 0.4 06 0.8 1.0

Specificity

10
0.8
0.6
AUC = 0.81
04
0.21 = GLPS_A4C
- Reference Line
0 T T T T
0.0 02 04 06 08 1.0
Specificity

Figure 1. Diagnostic power of Strain Imaging parameters for detection of severe liver iron overload (LIC>2571 mcg/g
w.w) in beta-thalassemia patients described by ROC curves. Area under curve values are respectively: 0.65 for
apical Long axis Global Longitudinal Strain (GLS); 0.81 for apical 4 chamber GLS; 0.70 for apical 2 chamber GLS;
0.72 for average GLS. N=58 (Severe overload N=9). On the right side isolated ROC curve for apical 4 chamber GLS
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Figure 2. Different diagnostic power of Strain Imaging parameters (GLS cut-off -19.0 and -17.5%) for detection of
cardiac iron overload (T2*<20 ms) in beta-thalassemia patients described by ROC curve (N=58).

the gold standard for iron overload asse-
ssment in these patients [16]. Previous stu-
dies reported a positive association between
myocardial strain and T2* reduction [20,
22-24], and in our population a cut-off of 20
ms [5] was used to test the ability of echocar-
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diographic global longitudinal strain to
effectively screen patients: the ROC Curve
analysis showed that a GLS cut-off of 17.5%
was able to rule-out abnormal T2* values (i.e
<20 ms) with a 92% negative predictive value
(Figure 2).
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showed the efficacy of GLS for
the detection of cardiac iron
overload and described this
diagnostic power by means of
ROC curves. But the study by
Abtahi and colleagues includ-
ed a much younger popula-
tion (mean =27 years old)
compared to ours (mean =40
years old). In fact, the higher
specificity of GLS they find for
detection of T2* overload
(86.6% vs 60%) could be
attributed to the younger age

w4 20ms |

v

LIVER IRON CONCENTRATION (mg/g dry weight)

Figure 3. Scatterplot reporting heart and liver iron concentration of studied
population (N=58). Blue points correspond to patients with normal strain
values. Orange points correspond to patients with pathological myocardial

strain values.

Several studies have previously evaluated the
correlation of various echocardiographic para-
meters with cardiac MRI in thalassemic pa-
tients [20, 22-24]. Pizzino et al., for example,
reported average GLS to be significantly lower
(P-value <0.001) in patients with T2*<20 ms in
a population similar to ours as regards age
(median 37.4 years), clinical history and treat-
ment. Of note, 21.4% of patients in Pizzino et
al.’s study had T2*<20 ms whereas the sample
in our study consisted of cardiac complication-
free population in which only 12.1% of the
patients had T2*<20 ms, this justifying the
different GS cut-off performance in our
population.

A positive association between myocardial
strain and T2* was also shown by Ari et al. [23]
and by Gupta et al. [24]. However, these studies
focused on pediatric patients (median age 13.2
and 12.5 years old, respectively), therefore,
results cannot be directly compared to those of
the present study.

In the study by Parsae et al. [20], a significant
correlation between T2* and global longitudi-
nal strain was also found (P-value <0.001), but
again the population involved in the study had
a very high rate of abnormal (i.e. <20 ms) T2*
values (31.3%).

The recent study published by Abtahi et al. [12]
was very similar to the present one in terms of
study design. Their results, similarly to ours,
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of the studied population,
in which the iron overload is
the only reasonable cause
of deflection of contractile
function; actually, they re-
ported a mean CMR T2* of
19.76+£10.29 ms, a value so-
meway worse than our, and indicating a popula-
tion with higher cardiac overload.

What we really think our study could add as
new insights into the screening and early recog-
nition of iron overload status in thalassemic
patients, is the presence of correlation of path-
ological GLS value with very early iron overload,
not yet in the heart but in the liver. As regards
hepatic iron overload, Liver Iron Concentration
assessed by SQUID proved to be a strong tool
for its measurement [21]. As far as we know, no
correlation between hepatic iron overload and
myocardial strain impairment had been proved
so far in a similar population as we did. We
showed that a GLS average value <17.5 is able
to predict liver iron overload with a 83% posi-
tive predictive value and a 88% negative pre-
dictive value. This correlation is extremely inter-
esting because we know that iron accumulates
early in the liver and only after some time into
the heart. An increase in hepatic storage with-
out evidence of heart loading at CMR therefore
depicts a population in which the iron cardio-
myopathy is in a very early stage. If higher
hepatic iron levels are so strongly correlated
with longitudinal strain impairment, we could
speculate that iron may be able to affect early
longitudinal contraction even before an actual
deposit into the heart fibers is detectable by
CMR. This could be the reason why the apical
four-chamber GLS measurements appear to be
the more sensitive strain parameter in our
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study. Furthermore, it has been already showed
that it could add as an effective surrogate of
average GLS in absence of regional wall motion
abnormalities [22]. Since the gold standard
test for Liver Iron Concentration is the liver T2*
which is expensive and not always available,
and since SQUID technology has strong diag-
nostic power but even more scarce availability
(just three of them in the world), our study sug-
gests that the assessment of GLS can be used
as a useful, more available and cheaper tool for
both the screening of hepatic iron load, helping
prevent myocardial diseases like heart failure
and arrhythmias [25].

In other words, Global longitudinal strain was
an extremely sensitive marker to highlight a
stage preceding myocardial iron overload. Ac-
tually, in our relatively old thalassemic popula-
tion mainly with mild signs of iron overload, a
cut-off of -19% global longitudinal strain was
able to detect severe liver iron overload, while
the -17.5% cut-off was able to discriminate car-
diac iron overload. The low specificity of aver-
age GLS may reflect the effects of the early
stage of the disease, while apical four chamber
GLS showed the best correlation, probably due
to early impairment of longitudinal contraction.

Limits

The sample size of our study (n=58) is relatively
small, however, previously published reports on
related topics have relied on similar numbers
[12, 22-24]. Secondly, we did not include a con-
trol group in our study, limiting our findings to
the analysis of a thalassemia-affected popula-
tion. In addition, the design of our study was
cross-sectional and we could not evaluate the
sensitivity of GLS for early detection of cardiac
iron overload during long term monitoring and
follow up. Indeed, repeated GLS measurements
across time could be useful to evaluate the
hypothesis of GLS as an “intermediate station”
of iron toxicity between liver and heart over-
load. Although the design of our study would
have greatly benefitted from performing echo-
cardiography, cardiac MRl and SQUID within
the same day, this has not been possible due to
logistic reasons such as time constrictions,
machines availability and location. Consequen-
tly, we had to rely on pre-existing assessments
of cardiac MRl and SQUID, which anyway, were
less than a year older.
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Conclusion

Speckle-Tracking Echocardiography assessing
2-D strain imaging is an experimental tech-
nique that has shown a good diagnostic poten-
tial in several fields, including iron overload
monitoring.

In our study, Global longitudinal strain was a
sensitive marker of early iron overload, with an
interesting association between abnormal lon-
gitudinal strain values and severe hepatic iron
overload which is known to precede cardiac
overload. This finding suggests that the assess-
ment of GLS can be a useful and cheaper tool
for screening of myocardial and hepatic iron
overload, to better select patients to investi-
gate with CMR and SQUID (more expensive and
less available).
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