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Abstract

Plain language summary

Background The mechanisms underlying the clinical benefit of intravenous iron in patients
with heart failure (HF), left ventricular ejection fraction (LVEF) < 50%, and iron deficiency (ID)
remain incompletely defined. Clinical evidence suggests that iron repletion may improve
ventricular synchrony and augment the response to cardiac resynchronization therapy
(CRT). The longitudinal systolic dyssynchrony index (L-SDI), derived from cardiac magnetic
resonance feature tracking (CMR-FT), provides a non-invasive measure of mechanical
dyssynchrony. This subanalysis of the Myocardial-IRON trial evaluated the short-term
effects of ferric carboxymaltose (FCM) on L-SDI and explored its relationship with global left
ventricular longitudinal strain (GLS).

Methods In this post hoc analysis of the randomized, double-blind, placebo-controlled
Myocardial-IRON trial (NCT03398681), 51 of 53 ambulatory patients (96.2%) with stable HF,
LVEF < 50%, and ID underwent CMR-FT at baseline, and at 7-day, and 30-days post-FCM.
Linear mixed-effects models assessed the effect of FCM versus placebo on L-SDI, including
subgroup analyses by baseline QRS duration, and evaluated associations between changes
in L-SDI and changes in GLS, T2*, and T1-mapping.

Results Data are presented as mean + SD or median (IQR), as appropriate. The participants
have a mean age of 70.4 + 9.6 years, with a median CMR-derived LVEF of 38.5% (IQR
33-45); the mean global longitudinal strain is —7.5 + 3.6%. FCM leads to a greater reduction
in L-SDI over time versus placebo (omnibus p = 0.015), with significance at 30 days (A=-3.8;
95% CIl-6.9 to -0.7; p = 0.011). The benefit is most pronounced in patients with baseline
electrical dyssynchrony (interaction p < 0.001). Improvements in L-SDI are strongly
associated with GLS gains (p < 0.001) and myocardial iron uptake [T2*changes (p = 0.045)
and T1-mapping changes (p = 0.011)].

Conclusions In HF with LVEF <50% and ID, FCM improves short-term LV mechanical
synchrony, particularly in those with electrical dyssynchrony, and this is linked to enhanced
systolic function and greater myocardial iron repletion.

Iron deficiency is common in patients with
heart failure and makes their condition worse.
Although giving iron through an intravenous
infusion is known to improve how patients feel
and function, we do not fully understand how
it benefits the heart itself. In this study, we
used a type of heart imaging, cardiac
magnetic resonance scans, to determine
whether iron treatment improves heart pump
coordination and synchronization. We found
that patients who received an iron infusion
showed clearerimprovement in how well their
heart muscle worked within 30 days
compared with those who received a
placebo. The benefit was especially
noticeable in patients who already had
abnormal heart electrical patterns. These
findings suggest that iron treatment helps the
heart muscle contract more uniformly,
making the heart pump more efficiently and
helping to explain why this therapy improves
the health of people with heart failure.

"Department of Cardiology, Hospital Clinico Universitario de Valencia, Universitat de Valéncia, INCLIVA, Valencia, Spain. 2CIBER Cardiovascular, Valencia, Spain.
Department of Electronic Engineering, Universitat de Valéncia, Valencia, Spain. “Department of Cardiology, Hospital de Manises, Valencia, Spain. *Department of
Cardiology, Hospital Universitario La Fe de Valencia, Valencia, Spain. ®Department of Cardiology, Hospital Universitario Ramén y Cajal, Madrid, Spain. "Cardi-
ovascular Imaging Unit, Ascires Biomedical Group, Valencia, Spain. ®Atherothrombosis Research Unit and Fuster Heart Hospital, Mount Sinai Hospital, Cardio-
vascular Institute, Icahn School of Medicine at Mount Sinai, New York, NY, USA. *Department of Cardiology, Ziekenhuis Oost Limburg, Belgium, Genk, Belgium.
®Hasselt University, Hasselt, Belgium. 2°These authors contributed equally: Irene del Canto, Gema Mifiana, Ingrid Cardells. *A list of authors and their affiliations
appears at the end of the paper. »</e-mail: juenuvi@uv.es; yulnunez@gmail.com

Communications Medicine | (2026)6:421 1


http://crossmark.crossref.org/dialog/?doi=10.1038/s43856-026-01619-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s43856-026-01619-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s43856-026-01619-1&domain=pdf
http://orcid.org/0000-0001-5486-4232
http://orcid.org/0000-0001-5486-4232
http://orcid.org/0000-0001-5486-4232
http://orcid.org/0000-0001-5486-4232
http://orcid.org/0000-0001-5486-4232
http://orcid.org/0000-0003-1408-8958
http://orcid.org/0000-0003-1408-8958
http://orcid.org/0000-0003-1408-8958
http://orcid.org/0000-0003-1408-8958
http://orcid.org/0000-0003-1408-8958
http://orcid.org/0000-0003-1672-7119
http://orcid.org/0000-0003-1672-7119
http://orcid.org/0000-0003-1672-7119
http://orcid.org/0000-0003-1672-7119
http://orcid.org/0000-0003-1672-7119
mailto:juenuvi@uv.es
mailto:yulnunez@gmail.com
www.nature.com/commsmed

https://doi.org/10.1038/s43856-026-01619-1

Article

In patients with heart failure and reduced ejection fraction (HFrEF),
intravenous ferric carboxymaltose (FCM) improves symptoms, functional
capacity, quality of life, and reduces heart failure (HF) hospitalization'™.
Despite these established benefits, the mechanisms underlying clinical
improvement and the patient profiles most likely to respond remain
incompletely understood. The Myocardial-IRON trial showed significant
short-term changes in cardiac magnetic resonance (CMR) sequences T2*
and T1-mapping, indicative of myocardial iron repletion following
administration of FCM’. Moreover, two subanalyses of this trial reported
improvements in biventricular and left atrial function assessed by CMR
feature tracking (CMR-FT) derived parameters™.

Left ventricular mechanical dyssynchrony is a frequent feature in
patients with HF, and has been associated with worse outcomes" ™. In
optimally treated HFrEF patients with iron deficiency (ID) and who
received a cardiac resynchronization therapy (CRT) in the last 6 months, the
IRON-CRT trial found that iron repletion with FCM enhanced CRT
response, improving LVEF and reducing LV volumes when compared to
CRT alone". These findings support the notion that iron supplementation
may improve electromechanical coupling, thereby potentially ameliorating
electrical and mechanical dyssynchrony. In the current study, we postulate
that iron repletion with FCM may improve LV dyssynchrony, and LV
systolic function recovery could be partly mediated by these changes. Sys-
tolic dyssynchrony index (SDI) is a parameter that allows the assessment of
LV dyssynchrony using CMR-FT"*""°. Therefore, in this subanalysis of the
Myocardial-TRON trial, we aim to evaluate: (a) the effect of FCM on short-
term longitudinal SDI (L-SDI), (b) the between-treatment effect on L-SDI
and global longitudinal strain (GLS) across baseline electrical dyssynchrony,
(c) how changes in L-SDI were related to changes in GLS, T2*, and T1-
mapping. In this population, we show that intravenous FCM leads to a
short-term reduction in LV mechanical dyssynchrony. The improvement in
mechanical synchrony is most pronounced in patients with baseline elec-
trical dyssynchrony and is closely associated with concurrent gains in global
longitudinal strain and markers of myocardial iron repletion.

Methods

Study sample and trial intervention

This is a posthoc analysis of an investigator-initiated, multicentre, rando-
mized, double-blind, placebo-controlled clinical trial designed to evaluate
the effect of intravenous FCM versus placebo (1:1) on myocardial iron
repletion estimated by T2* and T1 mapping CMR sequences, in patients
with stable chronic HF (New York Heart Association class II and IIT), with
systolic dysfunction (LVEF < 50%), and ID (serum ferritin <100 pg/L or
100-299 pg/L with transferrin saturation <20%). Inclusion and exclusion
criteria are reported elsewhere'”. The trial (NCT03398681, NCT registration
date: November 21, 2017) was conducted in five academic centers in Spain
from May 2017 to June 2018. The patients provided signed informed
consent before being randomized 1:1 to receive either FCM or placebo. The
study protocol was approved by Agencia Espafiola del Medicamento y
Productos sanitarios (AEMPS) and by Comité Etico de Investigacién
Clinica (CEIC) del Hospital Clinico Universitario de Valencia. FCM (Fer-
inject®, Vifor Pharma, Glattbrugg, Switzerland) was given intravenously as a
perfusion of 20 mL solution (equivalent to 1000 mg of iron) diluted in a
sterile saline solution (0.9% NaCl) administered over at least 15 min. In the
placebo group, an intravenous saline solution (0.9% weight/volume NaCl)
was administered over the same time. The study design and main results
were previously published"’. In this specific subanalysis, we assessed a total
of 51 patients in which L-SDI was measured (96.2% ot the total sample, 25
on placebo and 26 on FCM). By design, patients with an implantable car-
dioverter defibrillator (ICD) or cardiac resynchronization therapy (CRT)
were excluded from the trial.

Electrocardiographic assessment

Atbaseline, a standard 12-lead electrocardiogram (ECG) was acquired, and
QRS duration was measured in milliseconds using automated digital cali-
pers, with manual verification when needed. QRS width was subsequently

dichotomized using a 120 ms threshold to classify patients into narrow
(<120-ms, no electrical dyssynchrony) and wide (=120 ms or electrical
dyssynchrony).

Cardiac magnetic resonance

CMR studies were performed by two experienced operators on a 1.5 Tesla
MR scanner (Essenza and Avanto, Siemens, Erlangen, Germany) using the
spine and phased array 6-channel surface coils at 3 time points (baseline,
1-week and 1-month). All images were obtained with electrocardiographic
gating and breath-holding. Cine sequences in the 2-chamber, 3-chamber
and 4-chamber views were obtained. Also, contiguous short-axis cine from
the atrioventricular plane to the apex was acquired at rest every 1 cm with
steady-state free precession (SSFP) imaging sequences. The technical spe-
cifications of the CMR sequences were described elsewhere®. Cine images
were analyzed offline by two experienced observers blinded to all patient
data using customized software (QMASS-MR 6.1.5, Medis, Leiden, Neth-
erlands). LVEF was quantified by semiautomatic planimetry of endocardial
and epicardial borders in short-axis-view cine images by the Simpson
method. For T2* quantification, a region of interest (ROI) was placed in the
mid-septum of the left ventricle. Mean signal intensities across images
acquired at progressively longer echo times were used to construct an
exponential decay curve. T2* values were then derived by fitting a
monoexponential decay model using a nonlinear curve-fitting algorithm.
T1 mapping was performed with a Modified Look-Locker Inversion
Recovery (MOLLI) sequence incorporating motion correction (voxel size
1.5 x 1.5 x 7 mm) at three short-axis levels (basal, mid, and apical). ROIs
were drawn in the mid-septum at each level, and mean T1 values were
calculated by averaging across the three slices. For CMR-FT-based
longitudinal strain analysis, three-dimensional (3D) strain was evaluated
using cine SSFP images and specialized software (CVI42, Circle Cardi-
ovascular Imaging, Calgary, Canada), as described previously’. Segmental
strain was assessed using the American Heart Association 17-segment
model (excluding the apex)". Longitudinal strain-time curves were
generated for each of the 16 segments, and time-to-peak strain was used
to calculate a longitudinal SDI (L-SDI). The L-SDI was defined as the
standard deviation (SD) of time-to-peak strain across segments, nor-
malized to the duration of the cardiac cycle. L-SDI was measured at
baseline, 7 days, and 30 days after randomization. Analyses were per-
formed by two experienced operators, both with European Association of
Cardiovascular Imaging-CMR level 3.

Endpoints

The endpoints of this subanalysis were: (a) changes in L-SDI in the whole
population, (b) changes in L-SDI and GLS across baseline electrical dys-
synchrony, (c) the relationship between changes in L-SDI and changes in
GLS, and (d) the relationship between changes in L-SDI and changes in
CMR proxies of myocardial iron repletion (T2* and T1-mapping).

Statistical analysis

Baseline correlations among L-SDI, QRS duration, and GLS were eval-
uated using Spearman’s correlation coefficient. Linear mixed-effects
models were used to assess the association between treatment allocation
and 7 and 30-day changes in the following endpoints: (a) L-SDI; (b)
L-SDI stratified by QRS duration; (c) GLS across QRS duration; and (d)
L-SDI changes in relation to changes in GLS, T2*, and T1-mapping.
Models were adjusted for age, sex, hospital (as a clustering variable),
treatment group, visit (7- and 30-day), the interaction term (treat-
ment x visit), and the baseline value of the dependent variable. Multiple
testing correction was applied using the Sidak procedure. Results from
the mixed models are presented as least square means with corre-
sponding 95% Cls and p-values. Mediation analysis was performed using
regression-with-residuals (rwrmed package, Stata 18.1) to decompose the
overall effect of FCM on GLS into direct and indirect components via
changes in L-SDI. All statistical procedures were executed using STATA
18.1. A two-sided p-value < 0.05 was considered statistically significant.
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Table 1 | Baseline characteristics by treatment arm

Placebo Iron Total
(N=25) (N =26) (N=51) p-value
Demographics
Age, years 69.9+11.4 70.9+7.8 70.4+9.6 0.705
Women 7(28.0) 6(23.1) 13 (25.5) 0.687
Medical history
Hypertension 18(72.0) 21(80.8) 39 (76.5) 0.460
Diabetes mellitus 13 (562.0) 15 (567.7) 28 (54.9) 0.683
Dyslipidemia 15 (60.0) 18 (69.2) 33 (64.7) 0.490
Former/current smoker 4(16.0) 3(11.5) 7(13.7) 0.643
Ischemic heart disease 9 (36.0) 13 (50.0) 22 (43.1) 0.313
COPD 6 (24.0) 6(23.1) 12 (23.5) 0.938
NYHA functional class 0.080
I 25 (100.0) 23 (88.5) 48 (94.1)
n 0(0.0) 3(11.5) 3(5.9
Vital signs
Heart rate, bpm 715+11.2 68.9+12.2 70.2+11.7 0.428
SBP, mmHg 129.1+23.8 120.2+19.5 1246 +21.9 0.148
DBP, mmHg 68.5+9.6 63.5+8.2 66.0+9.2 0.052
ECG
Atrial fibrillation/Flutter 13 (52.0) 10 (38.5) 23 (45.1) 0.331
Bundle branch block 8(32.0) 10 (38.5) 18 (35.3) 0.629
LBBB 6 (24.0) 5(19.2) 11(21.6) 0.679
RBBB 2(8.0) 5(19.2) 7(13.7) 0.244
CMR parameters
LVEF, % 37 (32-43) 40 (33-45) 38.5 (33-45) 0.637
GLS, % —6.4+3.2 -8.5+3.7 —-7.5+3.6 0.036
L-SDI, % 13.5+4.8 14.0+£5.3 13.8+5.0 0.694
T1-mapping, ms 1076.3 +49.7 1091.5+49.7 1084.1 +49.8 0.279
T2*, ms 38.7+12.2 41195 39.9+10.8 0.429
Laboratory parameters
Hemoglobin, g/dL 13.2+15 12.8+1.2 13.0+1.4 0.249
Ferritin, ng/mL 49 (25-114) 75 (58-126) 65 (41-126) 0.072
TSAT, % 16 (9.6-20) 15.9 (12-19.6) 16 (10-20) 0.812
eGFR, mL/min/1.73 m? 65.0+19.4 63.3+19.2 64.1+19.1 0.763
NT-proBNP, pg/mL 1180 (1010-2527) 2050 (1220-2830) 1690 (1010-2828) 0.301
Heart failure therapies
Diuretics 23 (92.0%) 24 (92.3%) 47 (92.2%) 0.967
Beta-blockers 20 (80.0%) 23 (88.5%) 43 (84.3%) 0.406
RAAS inhibitors 18 (72.0%) 21 (80.8%) 39 (76.5%) 0.460
MRA 16 (64.0%) 12 (46.2%) 28 (54.9%) 0.200

Values are given as mean + standard deviation and median (percentile 25%-percentile 75%). Categorical variables are presented as n (%).

COPD chronic pulmonary obstructive disease, DBP diastolic blood pressure, eGFR estimated glomerularfiltration rate, GLS global longitudinal strain, L-SD/ longitudinal systolic dyssynchrony index, LBBB
left bundle branch block, LVEDV left ventricular end-diastolic volume, LVEF left ventricular ejection fraction, LVESV left ventricular end-systolic volume, MRA mineralocorticoid receptor antagonist, NT-
proBNP N-terminal pro-brain natriuretic peptide, NYHA New York Heart Association, RAAS renin-angiotensin-aldosterone system, RBBB right bundle branch block, SBP systolic blood pressure, TSAT

transferrin saturation.

Results

The mean + SD age of the study sample was 70.4 + 9.6 years. 38 (74.5%)
were men, 48 (94.1%) showed stable NYHA class II-III, 23 (43.1%) had a
history of ischemic heart disease, and the median (p25% to p75%) of CMR-
derived LVEF and NTproBNP were 38.5% (IQR 33-45) and 1690 pg/mL
(1010-2828), respectively. The mean GLS was —7.5 + 3.6%. The mean + SD
of QRS width was 113 +27 mseg, and 18 (34%) patients showed QRS >

120 mseg [12 (22.6%) and 6 (11.3%) left and right bundle branch block,
respectively]. The mean + SD of L-SDI was 13.8 +5.0%. Baseline char-
acteristics, including CMR-derived left ventricular systolic function and L-
SDI, were comparable between the two treatment arms, except for a lower
GLS observed in the FCM arm (Table 1). At baseline, L-SDI showed no
significant correlation with GLS (r = 0.24, p = 0.085).
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Fig. 1 | Changes in left ventricular (LV) long- 357
itudinal systolic dyssynchrony index (L-SDI)
measured by cardiac magnetic resonance feature
tracking (CMR-FT) at 7 and 30 days after rando-
mization to ferric carboxymaltose (FCM) or pla-
cebo. Values represent least-squares means
estimated from linear mixed-effects models, adjus-
ted for recruitment center (cluster variable),
treatment-by-visit interaction (7 and 30 days), age,
sex, and baseline L-SDI. Overall, FCM was asso-
ciated with a greater reduction in L-SDI over time
(omnibus p = 0.015), with a statistically significant
difference at 30 days (A = -3.8;95% CI -6.9 to -0.7;
p=0.011) and a non-significant trend at 7 days

(p =0.096). Individual points were added (99
observations from 51 patients; placebo: n = 25;
FCM: n = 26). CMR-FT cardiac magnetic resonance 57
feature tracking, FCM ferric carboxymaltose, L-SDI
longitudinal systolic dyssynchrony index, LV left
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Intravenous iron supplementation with FCM and L-SDI
Inferential analyses revealed a significant improvement in L-SDI
among patients treated with FCM compared to placebo (omnibus
p=0.015; Fig. 1). At day 7, the reduction in L-SDI with FCM was
borderline significant (between-group difference: -2.6; 95% CI: -5.7
to 0.4; p=0.096), while by day 30, the difference reached statistical
significance (between-group difference: -3.8; 95% CI: -6.9 to -0.7;
p=0.011). Also, in the current sample, we confirmed a significant
improvement in GLS after FCM (Supplementary Fig. 1). Changes in
L-SDI and GLS did not significantly differ across atrial fibrillation
status (Supplementary Figs. 2 and 3).

Baseline electrical dyssynchrony and treatment response

The impact of intravenous iron on L-SDI was modified by baseline QRS
duration (p-value for interaction =0.003). Patients with longer QRS
experienced the greatest reductions in L-SDI following FCM treatment
(Fig. 2a). A similar interaction was observed when stratifying patients by a
QRS threshold of 2120 ms vs. <120 ms (interaction p < 0.001), with those in
the 2120 ms group showing notably greater improvements in dyssyn-
chrony, particularly at 30 days post-treatment (Fig. 2b).

Effect of FCM on GLS and relation to QRS duration

The effect of FCM on GLS was also significantly modulated by baseline QRS
duration (p-value for interaction <0.001). Patients with wider QRS com-
plexes exhibited greater improvements in GLS following FCM adminis-
tration, particularly evident at 30 days (Fig. 3a). Additionally, patients with a
QRS duration greater than 120 ms showed a more pronounced improve-
ment in strain compared to those with narrower QRS complexes (Fig. 3b).

Relationship between changes in L-SDI and changes in GLS
Following FCM, the improvement in GLS following FCM was linear and
positively related to improvement in L-SDI (p-value for interaction = 0.001).
Thus, the greater decrease in L-SDI corresponded to a greater reduction of
GLS, being most evident at 30 days (Fig. 4). A mediation analysis revealed
that an improvement in L-SDI mediated 19.5% of the GLS improvement.

Relationship between changes in L-SDI and changes in myo-
cardial iron repletion

Greater myocardial iron repletion, reflected by larger reductions in T1-
mapping and increases in T2*, was associated with greater improvements in

L-SDI (Fig. 5). Specifically, after FCM, a decrease in T1-mapping was related
to improvement in L-SDI at 30-days (Fig. 5a). Likewise, a decrease in T2*
was associated with improvement in L-SDI after FCM at 7 and 30
days (Fig. 5b).

Discussion

To the best of our knowledge, this study is the first to show that intravenous
iron repletion with FCM leads to a short-term reduction in LV mechanical
dyssynchrony, as measured by CMR-FT-derived L-SD], in patients with
HF, LVEF < 50%, and ID. Improvements in L-SDI were strongly associated
with enhanced LV systolic function and were most pronounced in patients
with baseline electrical dyssynchrony. Interestingly, the greater improve-
ment in myocardial synchrony was associated with greater improvement in
LV myocardial iron uptake and systolic function. Interestingly, the
improvement in mechanical synchrony following iron infusion mediated
part of the beneficial effect of iron repletion on left ventricular systolic
function, suggesting that enhanced synchrony may partially account for the
myocardial functional benefits observed with iron therapy in patients with
HEFrEF. Similarly, the present findings indicate that patients with baseline
electrical dyssynchrony experience a greater short-term improvement in left
ventricular systolic function.

LV dyssynchrony, characterized by asynchronous myocardial con-
traction, is a key contributor to systolic dysfunction, impaired diastolic
filling, and adverse remodeling in HF, especially in HFrEF'>*". It refers to
the temporal dispersion of myocardial contraction across different ven-
tricular segments, leading to inefficient systolic function, impaired ven-
tricular filling, and adverse remodeling’"*’. Mechanical dyssynchrony is
detectable by imaging, whereas electrical dyssynchrony, typically assessed
by QRS duration and morphology on a 12-lead ECG, remains the most
widely used surrogate in clinical practice. A QRS =120 ms, particularly
with left bundle branch block (LBBB) morphology, is strongly predictive
of poor outcomes and constitutes a major indication for CRT”. Prior trials
have consistently shown that CRT yields the greatest benefit in patients
with marked electrical dyssynchrony”*. Molecular studies have indicated
that mechanical dyssynchrony leads to numerous adverse cellular effects,
including a disrupted metabolism with decreased reliance on free fatty
acid oxidation and increased anaerobic breakdown of glucose, depressed
calcium cycling and decreased calcium sensitivity of myofilaments, altered
ion channel functioning and mitochondrial dysfunction®.
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Fig. 2 | Effect of ferric carboxymaltose (FCM) on A
changes in left ventricular (LV) longitudinal sys- 5
tolic dyssynchrony index (L-SDI) according to
baseline QRS duration. A Relationship between
baseline QRS duration and changes in L-SDI at 7
and 30 days after treatment. Values represent least-
squares means (95% Cls) from linear regression
models, adjusted for recruitment center (cluster
variable), treatment-by-visit interaction, age, sex,
and baseline L-SDI. A significant interaction was
found between treatment effect and QRS duration
(p=0.003). B Changes in L-SDI in subgroups
defined by the presence (QRS > 120 ms) or absence
(QRS < 120 ms) of bundle branch block at baseline.
Values are least-squares means from linear mixed-
effects models with the same covariate adjustments
as above. Individual points were added (99 obser-
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Although ID is prevalent in HFrEF and its correction improves
symptoms and functional capacity, direct evidence linking ID to cardiac
conduction abnormalities or mechanical dyssynchrony remains scarce.
Preclinical studies have shown that myocardial ID disrupts mitochon-
drial metabolism and calcium handling, potentially contributing to
electrical instability’. Clinically, some observational data suggest
indirect ECG alterations, such as prolonged T wave peak-to-end (Tp-e)
intervals and increased Tp-e/QT ratio, in iron-deficient HF patients,
with partial normalization following FCM therapy”’. However, these
findings are exploratory, and no studies to date have directly investigated
the effects of iron repletion on electrical conduction or ventricular
dyssynchrony.

The observed reduction in L-SDI after FCM treatment may reflect
the restoration of intracellular iron, which enhances mitochondrial oxi-
dative phosphorylation and ATP production””. In fact, the increase in
myocardial iron content with SGLT2 inhibitors directly correlates with
improvements in LVEF and exercise capacity’”. This metabolic
improvement likely facilitates more coordinated myocardial contraction,
particularly relevant in iron-deficient HF. These mechanistic insights
highlight the potential of FCM therapy to not only improve global LV

function but also reduce intraventricular dyssynchrony, a key contributor
to adverse outcomes in HF'*'>*. The finding that FCM therapy appears
to yield greater benefit in patients with mechanical dyssynchrony is
intriguing and may be mechanistically explained. Iron deficiency
aggravates the molecular derangements already induced by dyssyn-
chrony, particularly impaired phosphocreatine/ATP balance, myofila-
ment contraction, and calcium cycling. Thus, both iron deficiency and
dyssynchrony converge on a state of profound myocardial energy
deprivation, mutually amplifying each other’s effects and ultimately
manifesting at the ventricular level as impaired contractile performance
(e.g., reduced LVEF, GLS, or L-SDI)*.

Our findings, together with IRON-CRT results, suggest that iron
therapy could enhance mechanical synchrony and systolic performance,
with the largest benefits in patients with electrical dyssynchrony. Indeed, in
the current study, FCM treatment led to a significant reduction in L-SDI,
paralleled by a meaningful improvement in GLS. These results could open a
line of investigation focused on identifying patients with intraventricular
conduction abnormalities as potential preferential responders to iron
repletion in HFrEF and potentially other dyssynchrony-associated
conditions.
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Fig. 3 | Effect of ferric carboxymaltose (FCM) on
changes in left ventricular (LV) global long-
itudinal strain (GLS) according to baseline QRS
duration. A Relationship between baseline QRS
duration and changes in GLS at 7 and 30 days post-
treatment. Values represent least-squares means
(95% CIs) from linear regression models, adjusted
for recruitment center (cluster variable), treatment-
by-visit interaction, age, sex, and baseline GLS. The
interaction between treatment effect and QRS
duration was highly significant (p < 0.001).

B Changes in GLS in subgroups defined by the
presence (QRS =120 ms) or absence (QRS < 120
ms) of bundle branch block at baseline. Values are
least-squares means from linear mixed-effects
models with the same covariate adjustments as
above. Individual points were added (97 observa-
tions from 51 patients; placebo: n = 25; FCM:

n =26). The interaction between treatment effect
and baseline QRS category was also highly sig-
nificant (p < 0.001). FCM ferric carboxymaltose,
GLS global longitudinal strain, LV left ventricle.

FCM vs Placebo, 30-day visit

5 FCM vs Placebo, 7-day visit

o
L

GLS changes (%)
&

-104

T T T T T T T T T T T T T T T T

T T
80 90 100 110 120 130 140 150 160 80 90 100 110 120 130 140 150 16
QRS width (ms)

p-value for interaction < 0.001

7-day visit 30-day visit

GLS changes (%)
&
1
—— o
—o—1
——

-10

-15

T T T T
QRS < 120 ms QRS = 120 ms QRS < 120 ms QRS = 120 ms

Placebo FCM @ LS Mean (95% Cl)

p-value for interaction < 0.001

Fig. 4 | Association between changes in left ven-
tricular (LV) global longitudinal strain (GLS) and
changes in longitudinal systolic dyssynchrony
index (L-SDI) at 7 and 30 days after ferric car-
boxymaltose (FCM) or placebo administration in
the Myocardial-TRON trial. Values represent least-
squares means (95% Cls) from linear regression
models adjusted for recruitment center (cluster
variable), treatment-by-visit interaction, age, sex,
and baseline values of the dependent variable. A
significant interaction between changes in GLS and
L-SDI was observed (p < 0.001), indicating that
greater reductions in dyssynchrony were associated
with larger improvements in GLS. This analysis
comprised 96 observations from 50 individuals
(placebo: n = 24; FCM: n = 26). FCM ferric carbox-
ymaltose, GLS global longitudinal strain, L-SDI
longitudinal systolic dyssynchrony index, LV left
ventricle.
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Fig. 5 | Association between changes in left ven- A
tricular (LV) longitudinal systolic dyssynchrony
index (L-SDI) and changes in CMR proxies of
myocardial iron repletion (T1-mapping and T2*)
at 7 and 30 days after randomization to ferric
carboxymaltose (FCM) or placebo. A Relationship
between changes in L-SDI and changes in T1-
mapping at 7 and 30 days post-treatment. Values
represent least-squares means (95% ClIs) from linear
regression models adjusted for recruitment center
(cluster variable), treatment-by-visit interaction,
age, sex, and baseline values of the dependent vari-
able. A significant interaction between changes in
L-SDI and T1-mapping was observed (p =0.011),
indicating that greater reductions in T1-mapping
were associated with larger improvements in dys-
synchrony. B Relationship between changes in

L-SDI changes (%)

FCM vs Placebo, 7-day visit

FCM vs Placebo, 30-day visit

L-SDI and changes in T2* at 7 and 30 days post- T
treatment. Values represent least-squares means
(95% ClIs) from linear regression models adjusted
for recruitment center (cluster variable), treatment-
by-visit interaction, age, sex, and baseline values of
the dependent variable. A significant interaction
between changes in L-SDI and T2* was observed
(p = 0.045), indicating that greater reductions in T2* B
were associated with larger improvements in dys- 5 -
synchrony. This analysis comprised 96 observations
from 50 individuals (placebo: n = 24; FCM: n = 26).
FCM ferric carboxymaltose, L-SDI longitudinal
systolic dyssynchrony index, LV left ventricle.
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This study has several limitations. First, it represents a post hoc sub-
group analysis, and the findings should be interpreted as hypothesis-
generating. Confirmation through prospective, well-controlled studies is
needed. Second, the results are limited to a selected population of patients
with stable heart failure, LVEF < 50%, and iron deficiency as defined by
current ESC guidelines. Third, the study was conducted in 2017, and
optimal medical treatments have improved since then, so the treatment
rates for ARNI and SGLT2i were low. Fourth, the current findings cannot
assess the mid or long-term effects of FCM on dyssynchrony and LV systolic
function. Fifth, the underlying biological mechanisms driving the observed
improvements in dyssynchrony remain unexplored. Finally, we did not
assess post-treatment changes in QRS duration, limiting electro-
physiological interpretation.

In conclusion, in patients with HF, LVEF < 50%, and ID, intravenous
FCM improved short-term LV mechanical synchrony and systolic function,
with greater effects in those with baseline electrical dyssynchrony. These
findings identify a potentially responsive subgroup and support further
investigation into iron supplementation as a strategy to improve LV syn-
chrony in HF.

Data availability
The source data underlying all main figures are provided as Supplemen-
tary Data 1.
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