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INTRODUCTION

eview question / Objective The aims of
g{the present study were twofold. First, we

performed a systematic review of all
available studies reporting the relative apical
sparing pattern (RASP) across cardiac amyloidosis
and other disease entities associated with apical
sparing patterns, including aortic stenosis,
hypertrophic cardiomyopathy, hypertensive heart
disease, Fabry disease, healthy controls, and other
cardiomyopathies. Second, we conducted a meta-
analysis comparing cardiac amyloidosis with non-
amyloid conditions to quantitatively assess the
magnitude of RASP differences and to evaluate
potential modality-specific effects between
speckle-tracking echocardiography and cardiac
magnetic resonance feature tracking.
By integrating descriptive pooled data with
quantitative meta-analytic synthesis, this study
aims to clarify the clinical meaning of relative apical
sparing, to better define its disease specificity, and

to provide a comprehensive framework for the
interpretation of RASP in daily clinical practice.

Rationale Despite the expanding literature on
relative apical sparing, several important gaps
remain. First, most available studies focus on
binary comparisons between cardiac amyloidosis
and a single control group, limiting the ability to
contextualize RASP values across a broad
spectrum of cardiac diseases. Second, reported
RASP values vary substantially across studies,
imaging platforms, and post-processing software,
making it difficult to establish reference ranges and
disease-specific distributions. Third, although
multiple meta-analyses have addressed global
longitudinal strain in amyloidosis, a comprehensive
quantitative synthesis specifically focused on the
relative apical sparing ratio across imaging
modalities is currently lacking.

Furthermore, with the increasing adoption of
cardiac magnetic resonance feature tracking
(CMR-FT) as an alternative to speckle-tracking
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echocardiography, the comparative performance
of RASP derived from different imaging techniques
has not been systematically evaluated. Whether
the magnitude of apical sparing differs between
echocardiographic and CMR-based strain analysis
and how this affects diagnostic discrimination
remains incompletely understood.

Condition being studied Relative apical sparing of
longitudinal strain has emerged as one of the most
widely recognized imaging signatures of cardiac
amyloidosis. Since its first description, the
preservation of apical deformation in the presence
of marked basal and mid-ventricular dysfunction
has been increasingly used as a non-invasive
marker to support the diagnosis of amyloid
cardiomyopathy and to differentiate it from other
causes of left ventricular hypertrophy and heart
failure.

The relative apical sparing pattern is commonly
quantified using ratio-based indices derived from
regional longitudinal strain, most frequently
expressed as the ratio between apical strain and
the sum of basal and mid-ventricular strain values.
This relative apical sparing ratio (RASP) captures
the characteristic base-to-apex gradient of
myocardial dysfunction observed in cardiac
amyloidosis and has demonstrated good
diagnostic performance in several single-center
and multicenter studies. As a result, RASP has
been incorporated into clinical workflows and is
increasingly applied in routine echocardiographic
and cardiac magnetic resonance strain analysis.
However, growing evidence suggests that apical
sparing is not a pathognomonic feature of cardiac
amyloidosis. Similar regional deformation patterns
have been reported in other clinical conditions,
including pressure overload states such as aortic
stenosis, hypertrophic phenotypes such as
hypertrophic cardiomyopathy and Fabry disease,
and selected forms of hypertensive heart disease
and advanced cardiomyopathies. These
observations raise important clinical questions
regarding the specificity of the apical sparing
pattern and the magnitude of overlap between
cardiac amyloidosis and its phenocopies.

METHODS

Search strategy A comprehensive literature
search was independently conducted by two
investigators to identify all relevant studies
reporting the RASP or equivalent regional strain-
based indices in patients with cardiac amyloidosis
and comparator populations.

The electronic databases PubMed, Scopus, and
EMBASE were systematically searched from
database inception to December 2025. The search

strategy combined controlled vocabulary terms
and free-text keywords related to cardiac
amyloidosis, myocardial strain analysis, and apical
sparing patterns.

The following search terms and Boolean operators
were used in various combinations: “cardiac
amyloidosis” OR “amyloid cardiomyopathy” OR
“ATTR amyloidosis” OR “AL amyloidosis” AND
“apical sparing” OR “relative apical sparing
pattern” OR “RASP” OR “regional longitudinal
strain” AND “echocardiography” OR “speckle
tracking” OR “strain imaging” OR “cardiac
magnetic resonance” OR “feature tracking” OR
“CMR strain”.

No restrictions were applied regarding language,
publication year, or study design. In addition, the
reference lists of all included articles and relevant
review papers were manually screened to identify
potentially eligible studies not captured by the
electronic search.

Any discrepancies between reviewers during the
screening and selection process were resolved by
discussion and consensus. When agreement could
not be reached, a third investigator was consulted
for adjudication.

Participant or population Patients with cardiac
amyloidosis and/or other disease entities
associated with relative apical sparing patterns,
including aortic stenosis, hypertrophic
cardiomyopathy, hypertensive heart disease, Fabry
disease, healthy controls, and other
cardiomyopathies, who underwent a quantitative
assessment of myocardial deformation with
reporting of regional longitudinal strain values or
direct calculation of the RASP, obtained using
speckle-tracking echocardiography or cardiac
magnetic resonance feature tracking.

Intervention N/A.

Comparator For quantitative synthesis, the
primary meta-analysis compared cardiac
amyloidosis groups versus non-cardiac
amyloidosis groups, including all alternative
disease entities associated with relative apical
sparing patterns such as aortic stenosis,
hypertrophic cardiomyopathy, hypertensive heart
disease, Fabry disease, healthy controls, and other
cardiomyopathies.

Study designs to be included Studies were
considered eligible for inclusion if they had an
observational design, including cross-sectional,
case—control, or cohort studies, and evaluated
patients with cardiac amyloidosis and/or other
disease entities associated with relative apical
sparing patterns, including aortic stenosis,
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hypertrophic cardiomyopathy, hypertensive heart
disease, Fabry disease, healthy controls, and other
cardiomyopathies.

Eligibility criteria Studies were considered eligible
for inclusion if they had an observational design,
including cross-sectional, case-control, or cohort
studies, and evaluated patients with cardiac
amyloidosis and/or other disease entities
associated with relative apical sparing patterns,
including aortic stenosis, hypertrophic
cardiomyopathy, hypertensive heart disease, Fabry
disease, healthy controls, and other
cardiomyopathies. Eligible studies were required to
provide a quantitative assessment of myocardial
deformation with reporting of regional longitudinal
strain values or direct calculation of the RASP,
obtained using speckle-tracking echocardiography
or cardiac magnetic resonance feature tracking.
Furthermore, studies had to report clearly defined
diagnostic criteria for cardiac amyloidosis and
comparator conditions based on histology,
imaging findings, or guideline-recommended
clinical algorithms, and to provide extractable
quantitative data on RASP or on apical, mid-
ventricular, and basal longitudinal strain values
allowing standardized computation of the RASP,
reported as mean = standard deviation, median
with interquartile range, or in a format suitable for
statistical transformation. Preference was given to
studies reporting baseline clinical and
echocardiographic variables, including
demographic characteristics, comorbidities, and
pharmacological therapy.

Studies were excluded if they did not include
strain-based regional deformation analysis or if
insufficient information was available to derive the
RASP, if they enrolled mixed or poorly
characterized populations without a clear
distinction between cardiac amyloidosis and
comparator disease groups, if they used
experimental or non-clinical imaging protocols
without standardized strain quantification, if
quantitative data were insufficient to allow effect
size calculation or pooled analysis, or if they were
non-original publications such as editorials,
conference abstracts, letters, case reports,
narrative reviews, expert opinions, or guidelines.

Information sources The electronic databases
PubMed, Scopus, and EMBASE were
systematically searched from database inception
to December 2025.

Main outcome(s) By integrating descriptive
pooled data with quantitative meta-analytic
synthesis, this study aims to clarify the clinical
meaning of relative apical sparing, to better define

its disease specificity, and to provide a
comprehensive framework for the interpretation of
RASP in daily clinical practice.

Quality assessment / Risk of bias analysis The
methodological quality and risk of bias of the
included studies were independently evaluated by
two investigators using the National Institutes of
Health (NIH) Quality Assessment Tool for Case-
Control Studies. This tool assesses multiple
methodological domains related to study design,
population selection, case and control definition,
exposure assessment, outcome ascertainment,
blinding procedures, and control of confounding
factors. Each study was evaluated across all
predefined criteria and classified according to NIH
guidance. Inter-rater agreement between reviewers
was quantified using Cohen’s kappa coefficient.
Any disagreement regarding individual domain
ratings or overall quality classification was resolved
through discussion and re-evaluation of the original
manuscripts until consensus was achieved.
Publication bias was assessed only among studies
included in the quantitative meta-analysis, as
funnel plot-based methods require comparable
effect size estimates.

Strategy of data synthesis Two investigators
independently screened all retrieved records by
title and abstract, followed by full-text evaluation of
potentially eligible studies according to the
predefined inclusion and exclusion criteria.
Disagreements regarding study eligibility were
resolved by discussion and consensus, and when
consensus could not be achieved, a third reviewer
was consulted for adjudication. Data extraction
was independently performed by the same
investigators using a standardized and pre-
specified data collection form. Extracted variables
included study characteristics such as first author,
year of publication, country, study design, imaging
modality, and sample size for each study group;
demographic and anthropometric parameters
including age, sex distribution, body mass index,
and body surface area; clinical comorbidities and
cardiovascular risk factors such as hypertension,
diabetes mellitus, dyslipidemia, smoking history,
atrial fibrillation, and history of coronary artery
disease; laboratory parameters when available,
including hemoglobin, renal function indices,
natriuretic peptides, and serum biomarkers;
echocardiographic and structural parameters
including left ventricular wall thickness, relative
wall thickness, left ventricular mass index,
chamber dimensions, left ventricular ejection
fraction, stroke volume index, indices of diastolic
function, left atrial volume index, pulmonary artery
systolic pressure, right ventricular systolic function
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parameters, and presence of pericardial effusion;
strain-derived parameters including global
longitudinal strain, mean basal, mid-ventricular,
and apical longitudinal strain values, directly
reported RASP values, and study-specific
diagnostic cut-offs when available; baseline
pharmacological therapy including antiplatelet
agents, anticoagulants, beta-blockers,
angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, calcium channel
blockers, diuretics, statins, antiarrhythmic drugs,
and disease-specific therapies; and summary
statistics including means with standard deviations
or medians with interquartile ranges, together with
corresponding confidence intervals and p-values.
When numerical data were reported exclusively in
graphical format, values were extracted using
WebPlotDigitizer (version 4.6), and when necessary
for quantitative synthesis, medians and
interquartile ranges were converted into means
and standard deviations using established
statistical conversion methods. All extracted data
were systematically cross-checked for accuracy,
and discrepancies between reviewers were
resolved by re-evaluation of the original articles
until agreement was reached.

Subgroup analysis 2D-STE studies vs. CMR-FT
studies assessing RASP in CA and nonamyloid
groups.

Sensitivity analysis Sensitivity analyses were
performed when appropriate to assess the
robustness of pooled estimates.

Language restriction No language restriction.
Country(ies) involved ltaly.

Keywords RASP; cardiac amyloidosis; Fabry;
HCM; hypertensive heart disease; mitral valve
prolapse; meta-analysis.
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