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ARTICLE INFO ABSTRACT

Keywords: Background: A T2* <20 ms in cardiovascular magnetic resonance (CMR) sequences suggests the presence of
B-thalassemia iron overload cardiomyopathy in patients with transfusion-dependent B-thalassemia (TDT). However, there is
T1 mapping still a gap in evidence regarding the independent role of T1 mapping in identifying early myocardial dysfunction.
Cardiovascular magnetic resonance The aim of this study is to investigate the role of T1 mapping in identifying early cardiac mechanical dysfunction

Speckle tracking echocardiography

. in TDT patients with normal T2* values.
Myocardial work

Methods: About 154 consecutive TDT patients with T2* > 20 ms were enrolled and stratified by reduced
(<955 ms) or normal (> 955 ms) T1 mapping values. CMR T1 mapping and speckle tracking echocardiography
(STE) indices were evaluated. The primary endpoint was the correlation between T1 mapping and STE indices.
The secondary endpoint was the prevalence of cardiac mechanical dysfunction between patients with reduced or
normal T1 mapping.

Result: T1 mapping showed statistically significant correlations with global longitudinal strain (GLS, r = —0.19,
p = 0.01), global work index (GWI, r = 0.15, p = 0.04), global constructive work (GCW, r = 0.18, p = 0.02),
and peak atrial longitudinal strain (PALS, r = 0.2, p < 0.01). The prevalence of cardiac mechanical dysfunction
was low, without any difference between patients with reduced or normal T1 mapping.

Conclusions: In TDT patients with normal T2*, T1 mapping demonstrated a weak but significant correlation with
echocardiographic indices of cardiac mechanics. The prevalence of cardiac mechanical dysfunction was low
without any difference between those with reduced or normal T1 mapping.

1. Background the hemoglobin [1,2]. The introduction of early iron chelation therapy
has been crucial in preventing life-threatening complications, such as

Transfusion-dependent [3-thalassemia (TDT) is a genetic blood dis- heart failure and arrhythmias, contributing to a life expectancy almost
order characterized by absent or reduced production of the (3-chains of comparable to that of the general population [3,4]. Cardiovascular
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intra-class correlation; IQR, interquartile range; LVEF, left ventricular ejection fraction; MIO, myocardial iron overload; MOCO, motion correction; MOLLI, modified
Look-Locker inversion recovery; MW, myocardial work; PALS, peak atrial longitudinal strain; ROIL, region of interest; RVEF, right ventricular ejection fraction; SD,
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magnetic resonance (CMR) T2* mapping has led to a pivotal change in
the natural history of the disease and nowadays has become a funda-
mental diagnostic tool for assessing myocardial iron overload (MIO)
and guiding iron chelation therapy [5-7]. However, its sensitivity is
limited in detecting mild or early MIO-related changes [8-10]. T1
mapping technique is a promising method to overcome this limitation
and improve detection of MIO. Recent studies showed that T1 mapping
is more sensitive for detecting patients at early stages of MIO which
may not be identified using T2* alone [11-13]. Moreover, patients with
higher levels of MIO show lower values of T1 mapping, carrying a
significant risk of developing fatal cardiovascular complications [9].

Speckle tracking echocardiography (STE) with evaluation of global
longitudinal strain (GLS) is able to evaluate cardiac contractile func-
tion, by overcoming the traditional drawbacks of routine left ven-
tricular ejection fraction (LVEF) assessment [14]. More recently, myo-
cardial work (MW), a further application of STE, has emerged as a
valuable tool for assessing myocardial systolic function by combining
both deformation parameters and loading conditions in its ana-
lysis [15]. Together, GLS and MW, allow for a comprehensive assess-
ment of cardiac mechanics, capable of detecting early alterations in
systolic function even before a reduction in LVEF occurs. While many
studies have investigated the role of T2*, there is still a gap in evidence
regarding the independent role of T1 mapping in identifying early
mechanical dysfunction, especially in patients with normal T2*. The
aim of this study was to investigate the role of T1 mapping in identify
early cardiac mechanical dysfunction in TDT with normal T2*.

2. Methods

The present analysis has been derived from the “Atrial fibrillation in
B-thalassemia (3-THAL)” study, which is a prospective, single-center,
observational study conducted at the Azienda Ospedaliero-
Universitaria di Ferrara, Italy. The study collected clinical, laboratory,
electrocardiographic, and imaging characteristics in patients with TDT
and was registered on ClinicalTrials.gov (NCT05508932). Study pro-
tocol was approved by the local Ethics Committee (Comitato Etico
Indipendente di Area Vasta Emilia Centro). The study was conducted in
accordance with the ethical principles of the Declaration of Helsinki
and all patients signed informed consent. The corresponding author had
full access to all the study data and takes responsibility for its integrity
and the data analysis.

2.1. Study population

Consecutive TDT patients were enrolled. Inclusion criteria were
confirmed TDT and age =18 years. Exclusion criteria were the state of
pregnancy, inability to give informed consent, low quality of echo-
cardiographic images that did not allow the execution of STE and ab-
sence of T1 mapping sequences on CMR examination. Patients under-
went routine cardiological examination and CMR as the standard of
care on an annual basis [16]. For the present analysis, only TDT pa-
tients with normal T2* (> 20 ms) were included and stratified by re-
duced (=955 ms) or normal (> 955 ms) T1 mapping. Reduced T1
mapping has been defined as 2 standard deviations (SD) below the
mean value of the reference range of our center [17].

2.2. Echocardiographic examination

A comprehensive echocardiographic, Doppler and Colour Doppler
examination was performed using a GE Vivid E80, S60 or E9 echo
scanner (GE Health Care, Milwaukee, Wisconsin) equipped with a
3.5 MHz transducer. Echocardiographic images were stored in digital
format and analyzed using the EchoPAC software v. 202 (GE Health
Care, Milwaukee, Wisconsin). Two expert trained cardiologists (F.M.
and F.F.) performed all the echocardiographic measures, according
with the American Society of Echocardiography/European Association
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of Cardiovascular Imaging guidelines [18,19]. Image and Doppler ac-
quisitions were obtained at held end-expiration. Non-invasive mea-
surement of systolic and diastolic blood pressure has been performed
during the exam by measurement in the arm using a sphygmoman-
ometer. GLS, peak atrial longitudinal strain (PALS) and indices of MW
(Global work index (GWI), global constructive work (GCW), global
wasted work (GWW), and global work efficiency (GWE)) were obtained
as previously reported [20]. Normal values were derived from pub-
lished literature [20-23]. The detailed echocardiography protocol is
available on Supplementary Data.

2.3. CMR examination

All CMR imaging procedures were performed with a 1.5T scanner
(Siemens, Magnetom Aera, Siemens Healthineers, Erlangen, Germany)
using a standard protocol. Post-processing analysis was performed
using a commercially available software (IntelliSpace Portal, Philips
Healthcare, Best, the Netherlands). All exams were acquired and ana-
lyzed by two expert radiologists (A.C., S.C.) and one expert cardiologist
(F.M.). All images were obtained during breath holding at expiration.
The cine images included the acquisition of one long-axis slice (two-
and four-chamber) and a stack of short-axis (SAX) slices covering the
entire LV using a balanced steady-state free precession sequence. Native
T1 mapping was performed on three standard LV short-axis slices at
basal, mid, and apical level using modified Look-Locker inversion re-
covery (MOLLI) sequences combined with motion correction (MOCO)
and 3(3)3(3)5 scheme. Recovery rate of T1 relaxation was measured in
a mid-ventricular SAX slice within the septal myocardium, as pre-
viously described and validated [24]. The mean T1 mapping value for
our center was 1008 ms with 90% confidence interval (CI)
957-1060 ms. For MIO assessment, 3 SAX (basal, medium, and apical)
slices were acquired using T2* dark blood gradient-echo multiecho
sequences. A region of interest (ROI) was drawn in the interventricular
septum and signal intensity was plotted against each echo time. T2*
values were calculated from the resulting exponential decay curve and
the truncation method was used to account for the plateau observed at
the later echo times due to signal loss [25,26]. For hepatic iron overload
evaluation, a mid-hepatic slice was obtained. The detailed CMR pro-
tocol is available on the Supplementary Data. Fig. 1 shows re-
presentative CMR T2* and T1 calculation and echocardiographic eva-
luation of strain parameters and myocardial work.

2.4. Data collection

All data were prospectively collected using a dedicated electronic
case record form (eCRF). Specialized personnel performed all proce-
dures. The eCRFs were periodically monitored and verified using source
data. The following data were collected: anthropometrics, cardiovas-
cular (CV) risk factors, CV history and comorbidities, laboratory, last
available transthoracic echocardiography, and CMR parameters. Data
were collected from patients’ clinical records.

2.5. Study endpoints

The primary endpoint was the correlation between T1 mapping and
echocardiographic indices of cardiac mechanics. The secondary end-
point was the prevalence of cardiac mechanical dysfunction, defined as
the reduction in STE indices, between patients with reduced or normal
T1 mapping.

2.6. Statistical analysis

Continuous data were tested for normal distribution with the
Kolmogorov-Smirnov test. Normally distributed values were presented
as mean =+ standard deviation (SD) and compared to a t-test.
Otherwise, median, interquartile range (IQR), and Mann-Whitney U
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Fig. 1. CMR and echo analysis, A TDT patient with normal T2* (A) but reduced T1 mapping (B). An ROI has been drawn in the mid-interventricular septum to obtain
mapping values. Speckle tracking analysis in the same patient revealed normal values of MWI, GLS, and PALS (C, D, and F). TDT transfusion-dependent [3-
Thalassemia, ROI region of interest, MWI myocardial work index, GLS global longitudinal strain, PALS peak atrial longitudinal strain, CMR cardiovascular magnetic

resonance

test were applied. Categorical variables were summarized in terms of
counts and percentages and were compared by using the two-sided Chi-
square or Fisher’s exact test. The strength and direction of the re-
lationship between T1 mapping and indices of cardiac mechanics were
evaluated with Pearson's correlation. Univariate linear regression
models were used to calculate linear regression coefficient and corre-
sponding 95% confidence intervals (CIs) evaluating the relationship
between each index of cardiac mechanics and T1 mapping. Significant
variable at the 10% level (p-value < 0.1) in the univariate analyses
were included in a multivariate model. Clinical confounders (age, ar-
terial hypertension, diabetes mellitus, and atrial fibrillation) were
added to the multivariate models [27,28]. The intra- and inter-observer
agreements between operators were tested with the Bland Altman
scatter plot analysis and intra-class correlation coefficients on the first
10 echocardiograms and CMRs were analyzed.

No previous study evaluated the correlation between T1 mapping
and indices of cardiac mechanics in TDT patients with normal T2*.
Based on available data, the correlation between T1 mapping and T2*
in the 20-30 ms range is estimated to be approximately 0.5 [29], while
the correlation between T2* and GLS is around 0.5-0.6 [30,31]. As-
suming a linear relationship between these parameters, we calculated
that a minimum of 123 patients was required to obtain a correlation
coefficient of —0.25 between T1 mapping and GLS, with 80% power
and an alpha error of 0.05 (see Supplementary Data for detail).

3. Results

Between August 2022 and January 2025, 276 patients suffering
from hemoglobinopathies were evaluated. Five patients with drepano-
citosis and three patients with non-transfusion-dependent p-tha-
lassemia were excluded. Fifteen patients showed T2* values <20 ms
and, therefore, were excluded. Ninety-nine patients did not have an
appropriate CMR exam (due to claustrophobia or absence of T1 map-
ping sequences) or had echocardiographic images of insufficient quality
to perform strain analysis and MW and were also excluded. A com-
parison between baseline and echo characteristics between the study
population and excluded patients is available on Supplementary Data,
Table 1s.

Finally, 154 patients were included in the present analysis (Fig. 2),
and among them, 77 patients (50%) had reduced T1 mapping values.
Overall, the median age was 50 years (IQR 45-54), and the proportion
of males was 49%. No differences were found in the clinical char-
acteristics between patients with reduced or normal T1 mapping. Re-
garding the CMR parameters, patients with reduced T1 mapping had
significantly lower values of T2* (37 vs 40ms, p < 0.001). Four pa-
tients with reduced T1 mapping had a right ventricular ejection fraction
(RVEF) = 50%. No differences were observed in the remaining CMR
parameters. Baseline characteristics of the patients are summarized in
Table 1.
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276 patients with hemoglobinopathies

f——— 5 patients with Drepanocytosis

|—————— 3 patients with non TDT

268 patients with TDT

[—— 15 patients with T2* <20 ms

L, 99 patients with inadeguate CMR or TTE

154 patients included

77 patients with reduced T1 mapping values 77 patients with normal T1 mapping values

Fig. 2. Flow chart of the study protocol. TDT transfusion-dependent [-
Thalassemia, CMR cardiovascular magnetic resonance, TTE transthoracic
echocardiography

3.1. Echocardiographic characteristics

In the overall population, the median LVEF was 60% while
median left ventricular end-diastolic volume indexed was 57 mL/m?
Mean GLS was —20.3% =+ 3 in patients with reduced T1 mapping
and —21% = 3 in patients with normal T1 mapping (p = 0.22). No
significant difference was observed in MW indices between patients
with reduced or normal T1 mapping. Finally, mean PALS was 34% +
14 in patients with reduced T1 mapping and 37% =+ 12 in patients
with normal T1 mapping (p = 0.19) (Table 1 and Fig. 3).

3.2. Primary endpoint

T1 mapping showed statistically significant correlations with GLS
(r = —-0.19,p = 0.01), GWI(r = 0.15,p = 0.04), GCW (r = 0.18,p
= 0.02), and PALS (r = 0.2, p = 0.009) (Table 2, Fig. 4). Linear
regression analysis confirmed the linear associations between T1
mapping and GLS ( —0.01; 95% CI —0.01 to —0.002; p = 0.01),
GCW (B 1.47;95% CI1 0.19-2.76, p = 0.02) and PALS (3 0.05; 95% CI
0.013-0.09, p = 0.01). After multivariate adjustment, T1 mapping
showed an independent linear association with GLS, GWI, GCW, and
PALS (Table 3).

Moreover, T1 mapping showed a statistically significant correlation
with hepatic T2* (r = —0.2, p = 0.01) and, when reduced, with serum
ferritin (r = —0.2, p = 0.04).

Similarly, T2* revealed a statistically significant correlation with
GLS (r = —0.17,p = 0.02), GCW (r = 0.16, p = 0.04), and GWE (r =
0.18, p = 0.02), and statistically significant linear associations with
GLS (B —0.089; 95% CI —0.16 to —0.01; p = 0.02), GCW (p 11.45;
95% CI 0.21-22.69; p = 0.04), and GWE (f 0.06; 95% CI 0.01-0.12; p
= 0.02), in both univariate analysis and after multivariate adjustment
(Table 2 and Table 3).

3.3. Secondary endpoint

Reduced GLS values were observed in 5/77 patients (6%) with re-
duced T1 mapping and in 7/77 patients (9%) with normal T1 mapping
(p = 0.55). Similarly, no significant differences were found in the
proportion of patients with reduced GCW (8% in both groups [6/77],
p = 1.00), GWI (4% [3/771vs 1% [1/77],p = 0.31), GWW (1% [1/77]
vs 0% [0/77], p = 0.32), GWE (0% [0/77] vs 1% [1/77], p = 0.32), or
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PALS (17% [13/77] vs 12% [9/771, p = 0.36) between patients with
reduced or normal T1 mapping (Table 4).

3.4. Intra-observer and inter-observer variability

Analysis for the first 10 patients was repeated 2 weeks after the
initial analysis and no significant intra-observer variability was ob-
served (GLS intra-class correlation (ICC): 0.98; GCW ICC: 0.99; GWI
ICC: 0.98; GWW ICC: 0.97; GWE ICC: 0.85; PALS ICC: 0.92; T1 mapping
ICC: 0.93). Measurements were also repeated by the second observer,
showing excellent inter-observer reproducibility (GLS ICC: 0.92; GCW
ICC: 0.98; GWI ICC: 0.95; GWW ICC: 0.99; GWE ICC: 0.92; PALS ICC:
0.98; T1 mapping ICC: 0.85) (Supplementary Data, Table 2s, Figs. 2s
and 3s).

4. Discussion

To the best of our knowledge, this is the first study to evaluate
the role of T1 mapping on cardiac performance through a compre-
hensive assessment of STE indices of cardiac mechanics in TDT pa-
tients with normal T2*. The main findings of the present study are
the following:

1. T1 mapping demonstrated a statistically significant correlation with
GLS, PALS, and MW, even though the correlation was weak, and an
independent linear association remained after adjusting for clinical
confounders.

2. The prevalence of cardiac mechanical dysfunction was low in both
study groups without any statistically significant difference.

Cardiac magnetic resonance T2* has significantly changed the
natural history of beta-thalassemia through the non-invasive as-
sessment of cardiac iron deposition and long-term monitoring of
therapeutic response [5-7]. T2* has proven to be a strong predictor
of both heart failure and arrhythmic-related events, with even
higher diagnostic performance than serum ferritin and liver iron
deposition [32-34]. For decades, and still currently, T2* has been
the most widely used and studied parameter for diagnosing and
monitoring iron overload; however, its sensitivity in identifying
mild iron deposition is limited, mainly due to susceptibility artifacts
[8-10]. Moreover, the use of iron chelation therapy has led to an
increasing number of patients with mild iron overload [35]. This
raises the question whether T2* still represents a valid diagnostic
and prognostic tool in these patients. More recently, native T1
mapping has emerged as a new diagnostic sequence for evaluation
of iron deposition and new evidence strongly supports that it could
be complementary to T2*. In the study of Torlasco et al., low T1
values were found in all patients with T2* < 20ms (r2 = 0.92,
p < 0.001) and in most of the patients in the T2* range 20-30 ms
(r2 = 0.48, p < 0.001), meaning that not only T1 and T2* are
concordant, but also that T1 is able to identify MIO missed by T2*
[29]. In the study of Selim et al., T1 mapping detected 2 patients
with high MIO not assessed by T2*. Moreover, the authors found a
statistically correlation between T1 values and the liver iron con-
tent, age, age at first transfusion, age of splenectomy, and serum
ferritin value [13].

In the modern age of iron chelation therapy, it is not uncommon
to observe TDT patients with T2* values > 20 ms but with reduced
T1 mapping. The meaning of this finding remains unknown, but it
carries important consequences for patients in daily clinical practice.
In the same way, it is not uncommon for patients with normal T2*
values to develop clinically significant cardiac comorbidities, for
which mild iron overload may be an undetected mechanism [36].
GLS and MW have shown to be reliable tools to detect myocardial
impairment with higher sensibility and less dependent loading con-
ditions than LVEF, allowing a more detailed insight of cardiac
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Table 1
Baseline characteristic of the patients
Total Reduced T1 mapping (<955 ms) Normal T1 Mapping (> 955 ms) p-value
N = 154 N =77 N =77

Clinical characteristics
Age,y 50 (45-54) 51 (46-54) 50 (44-54) 0.39
Male sex 76 (49%) 39 (51%) 37 (48%) 0.75
BMI, kg/m? 22.0 (20.7-24.5) 21.6 (20.2-23.6) 22.3 (21.1-25.1) 0.08
Systolic BP, mmHg 114 (13) 113 (13) 114 (14) 0.52
Diastolic BP, mmHg 70 (9) 69 (8) 71 (9) 0.11
Arterial hypertension, n% 12 (8%) 6 (8%) 6 (8%) 1.00
Dyslipidemia, n% 4 (3%) 4 (5%) 0 (0%) 0.04
Diabetes Mellitus, n% 28 (18%) 13 (17%) 15 (19%) 0.68
Hypothyroidism, n% 48 (31%) 24 (31%) 24 (31%) 1.00
Prior Stroke, n% 3 (2%) 2 (3%) 1 (1%) 1.00
Pulmonary hypertension, n% 7 (5%) 5 (6%) 2 (3%) 0.25
Prior splenectomy, n% 101 (66%) 52 (68%) 49 (64%) 0.61
COPD, n% 2 (1%) 1 (1%) 1 (1%) 1.00
CKD, n% 3 (2%) 1 (1%) 2 (3%) 0.57
History of HF, n% 4 (3%) 4 (5%) 0 (0%) 0.12
Atrial fibrillation, n% 20 (13%) 12 (16%) 8 (10%) 0.34
Pre-transfusion Hb, g/dl 10.0 (9.5-10.5) 10.1 (9.5-10.6) 10.0 (9.5-10.4) 0.07
Ferritin, ng/mL 526 (302-850) 429 (280-782) 583 (326-853) 0.15
Echo characteristics
LV EDV indexed, mL/m? 57 (50-66) 55 (48-68) 58 (50-64) 0.87
LVEF, % 60 (59-65) 60 (59-65) 60 (59-65) 0.77
TAPSE, cm 2(2-3) 2 (2-3) 2 (2-3) 0.81
PAPs, mmHg 25 (22-30) 26 (23-30) 25 (22-30) 0.68
RV EDA indexed, mL/m? 11 (10-13) 11 (10-13) 12 (10-13) 0.62
GLS, % -21(3) -20 (3) -21(3) 0.22
GCW, mmHg% 2141 (396) 2089 (382) 2194 (405) 0.10
GWI, mmHg% 1931 (360) 1896 (352) 1966 (366) 0.23
GWW, mmHg% 58 (40-94) 58 (40-96) 64 (41-91) 0.79
GWE, % 96 (95-97) 96 (94-98) 97 (95-97) 0.89
PALS, % 36 (13) 34 (14) 37 (12) 0.19
CMR characteristics
LV EDV indexed, mL/m? 84 (75-98) 84 (72-102) 85 (76-95) 0.98
LVEF > 50%, % 153 (99%) 76 (99%) 77 (100%) 1.00
RV EDV indexed, mL/m? 81 (70-97) 82 (65-102) 81 (71-94) 0.91
RVEF > 50%, % 150 (97%) 73 (95) 77 (100) 0.04
LV mass indexed, g/m? 48 (40-58) 46 (40-56) 50 (42-59) 0.31
T1 mapping, ms 954 (48) 915 (30) 993 (28) < 0.001
Cardiac T2*, ms 38 (35-41) 37 (34-40) 40 (37-45) < 0.001
Hepatic T2*, ms 9 (4-19) 9 (4-20) 9 (4-18) 0.42

BMI body mass index, BP blood pressure, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, HF heart failure, Hb hemoglobin, LV left
ventricle, EDV end-diastolic volume, LVEF left ventricular ejection fraction, TAPSE tricuspid annular systolic excursion, PAPs systolic pulmonary artery
pressure, RV right ventricle, EDA end-diastolic area, GLS global longitudinal strain, GCW global constructive work, GWI global work index, GWW global wasted
work, GWE global work efficiency, PALS peak atrial longitudinal strain, RVEF right ventricular ejection fraction. Data are numbers (%) of cases, means *+ standard

deviation, or medians (interquartile range)

mechanics[14]. The correlation between myocardial dysfunction and
MIO has been assessed in several studies. The majority of them found
a significant correlation between GLS and T2* and proposed several
cut-offs of GLS to predict iron overload [30,31,37]. Only a few stu-
dies assessed the correlation between strain parameters and T1
mapping, mainly showing negative results. Ojha et al. showed that
only CMR-derived global radial strain displayed a significant corre-
lation with T2* (r = 0.24, p = 0.02), while T1 mapping did not show
any correlation with strain indices [38]. See et al. found no asso-
ciations between T1 mapping or T2* with indices of ventricular de-
formation [39].

The aim of our study was to address the pivotal question whether
T1 mapping can provide additional information for clinical man-
agement in TDT patients with a good chelation status according to
T2* values. We found that almost all STE parameters of deformation
and myocardial work displayed a linear association with T1 map-
ping, meaning that even a mild MIO correlates with changes in me-
chanical parameters. Notably, our study is, to our knowledge, the
first to report a statistically significant correlation between native T1

values and most of the STE indices in TDT patients, as previous in-
vestigations have failed to demonstrate such an association. While
the observed correlation was weak, this finding is consistent with the
mild degree of iron accumulation and low prevalence of mechanical
dysfunction in these patients. However, the most clinically important
message is that when T2* is normal, the prevalence of cardiac me-
chanical dysfunction is low without any difference between patients
with reduced or normal T1 mapping. Still, the low prevalence may
entail a risk of underpowering. This finding carries fundamental
implications for clinical practice: in fact, 1 of 2 TDT patients with
normal T2* has reduced values of T1 mapping and, nowadays, the
implication of this mild MIO was unknown. The present findings
gave the first evidence to solve the uncertainty surrounding the in-
terpretation of this discrepancy: among patients with normal T2*,
the prevalence of cardiac mechanical dysfunction is low and T1
mapping does not provide an incremental benefit in identifying pa-
tients with reduced STE indices.

The second important message of this work is about the central
role of T2*: in our study, not only patients with normal T2* had



F. Marchini, M. Malagt, F. Frascaro et al.

Journal of Cardiovascular Magnetic Resonance 28 (2026) 102690

GLS and PALS GCW and GWI
50
T 2500 4
40
2000 4 //
7
301 £ 1500
L T
€
€
201 /// / 1000
0- T T 0 T
GLS PALS GCw
mmm Normal T1 mapping Normal T1 mapping Normal T1 mapping mmm Normal T1 mapping
7% Reduced T1 mapping 7/ . Reduced T1 mapping / + Reduced T1 mapping w7 Reduced T1 mapping
GWE GWW
P—— _I_ o
98 1 250 4
o
o
3
96 1 200 4
[e]
< S
(=
£ 94 ;[E; 150 4
£
924 - 100 4
[e]
50 4
90
o —1 J_
0 B

B Normal T1 mapping  #°# Reduced T1 mapping

mmm Normal T1 mapping  ## Reduced T1 mapping

Fig. 3. STE indices in the study groups. GLS global longitudinal strain, GCW global constructive work, GWI global work index, GWW global wasted work, GWE global

work efficiency, PALS peak atrial longitudinal strain

Table 2
Correlation between T1 mapping/T2* and indices of cardiac mechanics
T1 mapping T2*
Variables Correlation p value Correlation p value
coefficient coefficient
GLS -0.19 0.01 -0.17 0.02
GWI 0.15 0.04 0.14 0.06
GCW 0.18 0.02 0.16 0.04
GWW —0.04 0.61 —0.08 0.27
GWE 0.14 0.07 0.18 0.02
PALS 0.2 0.009 0.11 0.15

GLS global longitudinal strain, GCW global constructive work, GWI global work
index, GWW global wasted work, GWE global work efficiency, PALS peak atrial
longitudinal strain

normal mean values of all indices of STE cardiac mechanics, but
there was also a correlation between T2* values and STE indices.
This finding remarked the important message that T2* between 21
and 40 ms does not rule out iron overload, since a mild iron accu-
mulation may be present, but it remains a valuable tool to dis-
criminate MIO-related dysfunction. Similarly, normal T1 mapping
could not exclude mild iron accumulation either; however, when T2*
exceeds 20 ms, the prevalence of cardiac mechanical dysfunction

remains low regardless of T1 mapping values. These results further
reinforce the role of T2* as the principal CMR sequence for early
cardiac risk assessment in TDT patients, with T1 mapping conferring
only marginal additional diagnostic value.

5. Limitations

The present investigation has several limitations that should be
considered. First, data were collected from a single center and may
not be representative of the entire population of TDT patients.
Second, as the present data are cross-sectional, the absence of clin-
ical outcomes and longitudinal follow-up precludes assessment of
whether reduced T1 mapping predicts future cardiac dysfunction.
Prospective studies with systematic follow-up are needed to confirm
these findings. Third, the correlation coefficient found between T1
mapping and GLS was —0.19, meaning that the study might be
slightly underpowered for the primary endpoint. However, since the
lower critical r was —0.17, a statistically significant correlation was
nevertheless observed. Additionally, due to the low prevalence of
cardiac mechanical dysfunction, the type II error remains a concern
for the secondary endpoint as well. Fourth, 99 of the eligible patients
were excluded due to inadequate quality of echo imaging, introdu-
cing potential selection bias. To address this limitation, we compared
baseline characteristics between included and excluded patients,
finding no statistically significant differences (Supplementary Data,
Table 1s). Fifth, data on previous MIO were not assessed, potentially
missing the long-term effects on cardiac structure and function after
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Fig. 4. Correlation between T1 mapping and STE indices. GLS global longitudinal strain, PALS peak atrial longitudinal strain, GCW global constructive work,
GWI global work index

Table 3

Linear regression analysis between T1 mapping and indices of cardiac mechanics
T1 mapping
Variables Unadjusted p (95% CI) p value Adjusted 3 (95% CI) p value
GLS —0.01 (—0.01 to —0.002) 0.01 -0.01 (—0.12 to —0.003) 0.006
GWI 1.17 (0.001-2.35) 0.05 1.48 (0.32-2.63) 0.01
GCW 1.47 (0.19-2.76) 0.02 1.81 (0.55-3.08) 0.005
GWwW —0.03 (—0.19 to 0.11) 0.61
GWE 0.006 (—0.001 to 0.13) 0.07 0.005 (—0.001 to 0.01) 0.08
PALS 0.05 (0.013-0.09) 0.01 0.04 (0.005-0.08) 0.02
T2*
Variables Unadjusted p (95% CI) p value Adjusted 3 (95% CI) p value
GLS —0.089 (—0.16 to —0.01) 0.02 —0.09 (-0.17 to —0.1) 0.01
GWI 9.63 (—0.60 to 19.86) 0.06 10.01 (—0.18 to 20.22) 0.05
GCW 11.45 (0.21-22.69) 0.04 11.43 (0.23-22.64) 0.04
GWW —0.74 (—2.08 to 0.59) 0.27
GWE 0.06 (0.01-0.12) 0.02 0.08 (0.02-0.13) 0.007
PALS 0.27 (—0.10 to 0.65) 0.15

GLS global longitudinal strain, GCW global constructive work, GWI global work index, GWW global wasted work, GWE global work efficiency, PALS peak atrial
longitudinal strain.

GLS, GCW, GWI, and GWE were adjusted for age, diabetes mellitus, and arterial hypertension.

PALS was adjusted for diabetes mellitus, atrial fibrillation, and arterial hypertension.

myocardial iron levels have been normalized through chelation may introduce significant challenges in direct comparison and limit
therapy. Sixth, we assessed the relationship between CMR T1 map- reproducibility. Emerging CMR feature tracking techniques are ex-
ping and echocardiographic parameters of cardiac mechanics, which pected to enable a more direct and reproducible comparison of
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Table 4
Proportion of patients with reduced STE indices in the study groups
Total Reduced T1 mapping Normal T1 Mapping p-value
(=955 ms) (>955 ms)
N = 154 N =77 N =77
GLS, n% 12 (8%) 5 (6%) 7 (9%) 0.55
GCW, n% 12 (8%) 6 (8%) 6 (8%) 1.00
GWI, n% 4 (3%) 3 (4%) 1 (1%) 0.31
GWW, n% 1 (1%) 1 (1%) 0 (0%) 0.32
GWE, n% 1 (1%) 0 (0%) 1 (1%) 0.32
PALS, n% 22 (14%) 13 (17%) 9 (12%) 0.36

GLS global longitudinal strain, GCW global constructive work, GWI global work
index, GWW global wasted work, GWE global work efficiency, PALS peak atrial
longitudinal strain. Data are numbers (%) of cases.

myocardial mechanics indices in future studies. Finally, we did not
record data about clinical events, which might occur independently
of the presence of cardiac dysfunction detected by STE, further
highlighting the need for longitudinal studies.

6. Conclusions

In TDT patients with normal T2*, T1 mapping was correlated with
myocardial deformation parameters and most of the indices of MW. The
prevalence of cardiac mechanical dysfunction was low without any
difference between those with reduced or normal T1 mapping.
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