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Abstract

Background. Anthracycline-induced cardiotoxicity remains a major clinical challenge,
as myocardial injury often occurs before overt systolic dysfunction becomes apparent.
Although left ventricular ejection fraction (LVEF) is the traditional monitoring
parameter, it is a relatively late and insensitive marker. Emerging echocardiographic
techniques, particularly myocardial ~strain  imaging and three-dimensional
echocardiography, enable earlier detection of subclinical cardiac dysfunction.

Methods. This narrative review synthesizes current evidence on advanced
echocardiographic techniques for the early detection and monitoring of anthracycline-
induced cardiotoxicity. A targeted literature search was conducted in PubMed, Scopus,
Web of Science, and Google Scholar to identify relevant English- and Persian-language
studies published up to September 2025.

Results. Global longitudinal strain (GLS), along with circumferential and radial strain,
and right ventricular free-wall strain, and left atrial strain, significantly improves the
detection of subclinical injury and the prediction of systolic dysfunction compared to
LVEF. However, clinical implementation faces challenges, including inter-vendor
variability in software, undefined clinical decision thresholds, and the economic costs
associated with frequent imaging.

Conclusion. Integrating multiparametric echocardiographic assessment, risk-adapted
surveillance, and artificial intelligence for automated trend detection will likely shape
future cardio-oncology practice and enhance the early management of cardiotoxicity.
Practical Implications. Effective management requires a shift from reactive LVEF
monitoring to proactive, strain-based surveillance. Incorporating GLS into baseline and
follow-up imaging provides early warning signs of myocardial injury while ventricular
function appears preserved, enabling timely cardioprotective interventions. Surveillance
frequency should be risk-stratified, and consistency in imaging equipment is essential for
reliable longitudinal comparisons.

How to cite this article: Mohammadi K, Taghavi F. Early detection of chemotherapy-induced cardiotoxicity using
echocardiography. Med J Tabriz Uni Med Sciences. 2026;48(1):12-23. doi: 10.34172/mj.026.35172. Persian.

Extended Abstract

Background

effective anticancer therapies, their dose-dependent

Anthracycline-induced cardiotoxicity remains a myocardial toxicity may become irreversible if not
major challenge in modern oncology, particularly  detected early. Conventional cardiac surveillance
with widely used agents such as doxorubicin and relies largely on the assessment of left ventricular
epirubicin. Although these drugs are highly  ejection fraction (LVEF) using two-dimensional
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echocardiography; however, reductions in LVEF
typically occur only after significant myocardial
injury has already developed. This limitation
underscores the need for more sensitive approaches
that enable earlier detection and timely
cardioprotective intervention. Recent advances in
echocardiography——particularly ~ speckle-tracking
strain imaging and three-dimensional techniques—
have markedly improved the detection of
subclinical myocardial dysfunction, addressing key
limitations of conventional LVEF assessment.
While existing reviews often focus on late
manifestations of cardiotoxicity or broadly discuss
multimodality imaging, they rarely integrate
contemporary echocardiography-based evidence
into a practical clinical framework. This narrative
review therefore provides an evidence-informed
overview of anthracycline-induced cardiotoxicity,
emphasizing the underlying pathophysiology,
modern  echocardiographic  innovations, and
pragmatic surveillance strategies applicable to
routine cardio-oncology practice.

Methods

This review is based on a targeted,
non-systematic literature search designed to identify
clinically relevant and conceptually important
studies. PubMed, Scopus, Web of Science, and
Google Scholar were searched for articles published
up to September 2025 using combinations of the
keywords “anthracycline-induced cardiotoxicity,”
“echocardiography,” “strain imaging,” “global
longitudinal strain,” “three-dimensional
echocardiography,” and “cardio-oncology.” Manual
screening of reference lists from key publications
was also performed to supplement the search.
Priority was given to human studies published in
English or Persian that reported non-invasive
imaging findings relevant to the early detection or
longitudinal monitoring of cardiac injury.

Results

The pathophysiology of anthracycline-induced
cardiotoxicity is initiated by excessive production of
reactive oxygen species through iron-mediated

redox cycling, leading to oxidative damage of
lipids, proteins, and DNA within cardiomyocytes,
which  have limited regenerative capacity.
Mitochondrial dysfunction further contributes to
toxicity, as anthracyclines bind to cardiolipin in the
inner mitochondrial membrane, disrupting the
electron transport chain, reducing ATP generation,
and promoting apoptosis. Cardiotoxicity may
manifest as acute, early-onset chronic, or late-onset
chronic cardiac dysfunction. Molecular and
microscopic alterations in the myocardium occur
before measurable declines in LVEF. Early
impairment of longitudinal myocardial fiber
contractility, abnormalities in calcium handling, and
delayed myocardial relaxation develop well before
overt systolic dysfunction, making them detectable
only through more sensitive imaging parameters or
biomarkers. Conventional reliance on LVEF has
several limitations. Measurement variability,
dependence on image quality, and sensitivity to
changes in loading conditions reduce its
reproducibility, particularly in oncology patients
with fluctuating hemodynamics. More importantly,
LVEF is a late marker of myocardial injury and
typically declines only after compensatory
mechanisms have been exhausted. By this stage,
significant myocyte loss, fibrosis, and adverse
ventricular  remodeling are often already
established, while earlier pathological changes
remain undetected by volumetric indices alone. An

optimal surveillance strategy begins with a
comprehensive  baseline echocardiogram and
incorporates  advanced imaging  techniques

throughout therapy and follow-up. Speckle-tracking
echocardiography has transformed cardio-oncology
practice by enabling the detection of subtle
myocardial dysfunction. Global longitudinal strain
has emerged as the most robust and reproducible
parameter for the early identification of
anthracycline-induced cardiotoxicity. By
quantifying myocardial deformation independent of
geometric assumptions, global longitudinal strain
(GLS) sensitively reflects sub endocardial fiber
injury. A relative reduction in GLS of 15% or more
from baseline consistently predicts subsequent
LVEF decline and is widely regarded as a sentinel
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marker in surveillance protocols. Compared with
LVEF, GLS demonstrates superior reproducibility
and can detect contractile impairment even when
overall systolic function appears preserved.
Additional strain parameters provide
complementary information. Global circumferential
and radial strain reflect mid-myocardial fiber
shortening and wall thickening, respectively, while
right ventricular free-wall longitudinal strain can
reveal early right ventricular involvement
associated with cumulative anthracycline exposure.
Left atrial strain, particularly reservoir strain, is a
sensitive indicator of early diastolic dysfunction and

may precede overt systolic  impairment.
Three-dimensional echocardiography  further
improves volumetric accuracy and supports
emerging  three-dimensional  strain  analysis,

although broader validation is still required. Clinical
implementation of these tools requires structured,
evidence-based surveillance. A baseline
echocardiogram incorporating both conventional
and strain parameters should be obtained before
initiating  anthracycline  therapy.  Subsequent
imaging should be tailored to individual risk
profiles, with many protocols recommending
reassessment every third chemotherapy cycle.
High-risk patients—including those receiving high
cumulative  doses,  concurrent  trastuzumab,
mediastinal radiotherapy, or those with additional
cardiovascular risk factors—require more frequent
monitoring. Post-treatment surveillance is equally
important, as late-onset cardiotoxicity is common.
Follow-up at three to six months after therapy and
periodic reassessment for at least five years, or
longer in younger survivors, is generally
recommended. Despite significant progress, several
challenges continue to hinder the universal adoption
of advanced echocardiographic surveillance.

Inter-vendor variability in strain analysis algorithms
limits comparability across platforms and
complicates longitudinal follow-up when imaging
systems change. Although ongoing standardization
efforts have improved reproducibility, full
cross-platform concordance remains elusive. In
addition, no universal consensus exists regarding
the absolute or relative strain thresholds that should
trigger clinical intervention. The commonly used
15% reduction in GLS does not account for
individual variability in myocardial reserve or
loading conditions, resulting in heterogeneous
clinical practice. Future progress will depend on
large, prospective, multicenter studies to define the
most  sensitive, specific, and cost-effective
surveillance strategies.

Conclusion

Artificial intelligence holds promise for enabling
automated, vendor-independent strain analysis, as
well as the integration of imaging, biomarker, and
clinical data into real-time risk prediction models.
However, rigorous validation and thoughtful
integration into clinical workflows will be essential.
In conclusion, anthracycline-induced cardiotoxicity
often develops silently before a decline in LVEF
becomes apparent. Advanced echocardiographic
techniques, particularly myocardial strain and
three-dimensional echocardiography, enable the
early detection of subclinical myocardial injury and
create an opportunity for timely intervention.
Although challenges related to standardization and
decision thresholds remain, structured surveillance
from baseline through survivorship provides a
proactive approach to preserving cardiac health
without compromising oncologic efficacy.
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