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Abstract

Echocardiographic diagnosis of cardiac amyloidosis (CA) is frequently suggested by the presence 

of a left ventricular (LV) apical sparing pattern (ASP) on longitudinal strain (LS) assessment, 

the so-called “cherry on top” pattern, defined by strain magnitude preserved exclusively at the 

apex. However, it is unclear how frequently this strain pattern truly represents CA. This study 

aimed to evaluate the predictive value of ASP in the diagnosis of CA. We retrospectively identified 

consecutive adult patients who had the following studies performed within an 18-month period: 

(1) transthoracic echocardiogram and (2) either (a) cardiac magnetic resonance imaging, (b) 

Technetium-Pyrophosphate (PYP) imaging, or (c) endomyocardial biopsy. LS was retrospectively 

measured in the apical 4-, 3-, and 2-chamber views in patients who had adequate noncontrast 

images (n = 466). An apical sparing ratio (ASR) was calculated as (average apical strain)/

[(average basal strain) + (average midventricular strain)]. Patients with ASR ≥1 were evaluated for 

the presence/absence of CA, using established criteria. Basic LV parameters were also measured. 

A total of 33 patients (7.1%) had ASP. Nine of these patients (27%) had “confirmed” CA, 2 

(6.1%) “highly probable” CA, 1 (3.0%) “possible” CA, and 21 (64%) no evidence of CA. When 

comparing patients with and without confirmed CA, there were no significant differences in ASR, 

average global LS, ejection fraction, or LV mass. Patients with confirmed CA were older (76 ± 

9 vs 59 ± 18 years, p = 0.01) and had thicker posterior wall (15 ± 3 vs 11 ± 3 mm, p = 0.004) 

with a trend toward thicker septal wall (15 ± 2 vs 12 ± 4 mm, p = 0.05). In conclusion, the 

presence of ASP on LS represents confirmed or highly probable CA in only 1/3 of patients and 

is more likely to indicate true CA in older patients with increased LV wall thickness. Although 
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a larger, prospective study is needed to confirm these findings, 1/3 should be considered as a 

large diagnostic yield that justifies further testing, given the poor outcomes associated with CA 

diagnosis.

Cardiac amyloidosis (CA) is an infiltrative restrictive cardiomyopathy caused by 

extracellular deposition of amyloid fibrils in the myocardium. The most common amyloid 

sub-types affecting the heart involve misfolded transthyretin (TTR) (either mutant variants 

or wild-type) or monoclonal immunoglobulin light chains from an abnormal clonal 

population, resulting in TTR or light chain (AL) CA, respectively.1 Given management 

strategies for both TTR and AL amyloid have evolved over the past several years, there is 

now a manifest mortality benefit with current treatment options.2,3 Establishing a diagnosis 

early in patients is thus paramount; however, identifying patients with suspected CA and 

confirming the diagnosis remain challenging.4 Transthoracic echocardiography (TTE) is 

a ubiquitous tool that provides an opportunity to screen for patients who may benefit 

from further workup for CA. In particular, the ability of 2-dimensional echocardiographic 

speckle-tracking to calculate longitudinal deformation in individual myocardial segments 

provides a valuable technique to this effect. Specifically, the presence of an apical sparing 

pattern (ASP) on longitudinal strain (LS), a pattern colloquially referred to as the “cherry 

on top,” has been associated with CA. Phelan et al5 first described this pattern in 2012 

and reported great sensitivity and specificity for CA when compared with controls with 

hypertrophic cardiomyopathy or aortic stenosis. However, it is not well known how often 

ASP exists without CA or what conditions are associated with this finding in the absence of 

CA. Accordingly, this study sought to determine the positive predictive value (PPV) of ASP 

for the diagnosis of CA, which we hypothesized was lower than previously described when 

studying a broader population rather than in a targeted comparison as in the previous report.5

Methods

A subset of consecutive adult patients at the University of Chicago Medical Center who 

had the following studies performed within an 18-month period (from January 2020 through 

June 2021) were retrospectively identified: (1) TTE and (2) either (a) cardiac magnetic 

resonance (CMR) (b) Technetium-Pyrophosphate (PYP) scan, or (c) endomyocardial biopsy. 

These inclusion criteria were met by 682 patients. Global and regional LS in 18 segments 

were measured using QLAB Philips Healthcare (Cambridge, MA) in all patients with 

adequate noncontrast apical 4-chamber, 3-chamber, 2-chamber views that depicted clear 

endocardial borders in all segments. Patients without sufficient image quality for strain 

assessment were excluded from the study, resulting in a group of 466 patients. An apical 

sparing ratio (ASR) was calculated as the ratio of the average apical strain to the sum of the 

average basal strain and the average midventricular strain.

Apical Sparing Ratio = (Average Apical Strain)
(Average Basal Strain + Average Mid Strain)

Patients with an ASR ≥1 were considered to reveal an ASP.5
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For all patients who met ASP criteria, demographic information and clinical co-morbidities 

were assessed on the basis of the electronic health record, and additional echocardiographic 

parameters including wall thickness and ejection fraction were retrospectively measured. 

Clinical data for patients with ASP were evaluated by a physician with expertise 

in CMR and amyloidosis to determine whether a diagnosis of CA was established, 

with comprehensive review of all available CMR images, PYP scans, biopsy results, 

genetic analyses, and/or laboratory data (including serum and urine protein electrophoresis/

immunofixation and serum light chains).4,6,7 Patients were classified on the basis of 

likelihood of CA using criteria listed in Table 1.4,6−8 Student’s t tests were used to compare 

characteristics of patients with ASP with and without CA. Statistical significance was 

defined as p >0.05.

Results

Of the 466 patients assessed, 33 patients (7.1%) were found to meet the criteria for ASP 

(Figure 1). Of the patients with ASP, the mean age at the time of the echocardiogram was 63 

± 17 years; 13 (40%) were female, and 24 (73%) were Black. A total of 27 patients (82%) 

had hypertension, and 19 (58%) had at least moderate chronic kidney disease.

All 33 patients with ASP had additional diagnostic testing performed that could help 

determine the presence of CA: 29 (87%) had a recent cardiac MRI scan; 10 (30%) had 

a PYP scan; 15 (45%) had serum and urine electrophoresis/immunofixation and serum light 

chain assessment; 5 (15%) had an endomyocardial biopsy performed, and 8 (25%) had an 

extracardiac biopsy performed.

Of the 33 patients with ASP, 9 (27%) had confirmed CA; 2 (6.1%) were classified as highly 

probable for CA diagnosis; 1 (3.0%) was identified as possible CA, and 21 (64%) received 

negative test results for CA (Figure 2). The PPV for ASP resulting in a diagnosis of either 

confirmed or highly probable CA was 33%. Of the 9 patients with CA, 6 had TTR, and 3 

had AL amyloidosis.

Seven of the 9 patients with confirmed CA had a cardiac MRI with suggestive findings of 

CA; 4 had a grade 3 or 4 PYP scan result; 2 had an endomyocardial biopsy result positive 

for CA, and 2 had a positive extracardiac biopsy result for amyloid. Three patients had 

evidence of a paraprotein on electrophoresis/immunofixation and light chain assessment. 

Two patients had genetic testing consistent with TTR amyloid.

Among patients with ASP, there was no statistically significant difference in global LS or 

ASR between patients with and those without confirmed CA. Patients with confirmed CA 

were older and more likely to have increased posterior wall thickness (15 ± 3 vs 11 ± 3 mm, 

p = 0.004), resulting in an increased relative wall thickness (0.76 ± 0.3 vs 0.49 ± 0.1 mm, 

p = 0.004). There was also a trend toward increased septal wall thickness (15 ± 2 vs 12 ± 4 

mm, p = 0.05). There was no significant difference in ejection fraction or LV mass between 

the 2 groups (Table 2).
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Discussion

The finding of ASP of LS presents a potential opportunity to identify patients who should be 

further screened for CA; however, the value of additional testing in this population has not 

previously been well studied. The seminal 2012 study indicating the role of LS in patients 

with suspected CA found that the presence of ASP had a sensitivity 93% and specificity of 

82% for distinguishing CA from controls with either known hypertrophic cardiomyopathy 

or aortic stenosis.5 However, when a patient without differentiation who presents to the 

echocardiography lab is incidentally found to have ASP, the evidence supporting more 

testing is less robust. Specifically, it remains not known whether ASP can be attributed 

to other conditions and how commonly this finding is associated with CA when assessing 

all-comers. Our aim in this study was to identify a cohort of patients with both ASP and 

further diagnostic evaluation for CA (including at minimum either a CMR, PYP scan, or 

endomyocardial biopsy) completed within a short time frame of TTE, to ascertain what the 

anticipated yield of additional testing may be in this population.

In our study of a broad population of sequential patients referred for TTE, only 1/3 of 

patients with ASP were found to have either confirmed or highly probable CA. More than 

60% of patients with ASP who had additional testing performed were ultimately not found 

to have CA. Interestingly, the degree of ASP (as assessed by the ASR) was not associated 

with CA. Another previously unknown finding is that younger patients and those with 

normal wall thickness were less likely to have CA, despite having ASP.

The concept of ASP without CA is not entirely novel. Although there is significant literature 

supporting the use of ASP in screening for CA, the prevalence of ASP in patients without 

CA has been previously described, particularly in patients with aortic stenosis.9−11 A 

prospective study in 150 patients who underwent surgical aortic valve replacement found 

that although 23 patients (15%) had ASP on the preprocedural TTE, none of these patients 

had CA on subsequent CMR or myocardial biopsies.11 A subanalysis of the Impact of 

AMY-TAVI (Amyloidosis on transcatheter aortic valve implantation Patients) trial also 

assessed LS patterns in patients with severe AS who did not have evidence of CA on PYP 

scan or serum protein electrophoresis, and found that 42% of these patients had ASP without 

having CA.10

It has been recently postulated that the pathophysiologic basis of ASP is likely related to 

segmental differences in distribution of total amyloid volume.12 There have been a few 

rare processes described in the literature that may cause a similar pattern of myocardial 

infiltration and resultant strain pattern. In 1 case report, a patient with primary hyperoxaluria 

type 1 was found to have ASP, which was believe to be related to regional differences in 

deposition of oxalate crystals rather than amyloid fibrils within the myocardium.13 Another 

case report described a patient with end-stage renal disease and ASP, who was evaluated 

for possible CA, but was ultimately found to have metastatic myocardial calcification on 

autopsy without evidence of amyloid.14 Danon disease has also been associated with ASP.15 

Although these specific scenarios represent extremely uncommon diagnoses that are on the 

differential for ASP, there are likely additional possible conditions associated with ASP that 

have not yet been identified.
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Although the differential diagnosis for ASP may be broader than previously believed, 

the percentage of patients with ASP who are ultimately diagnosed with CA is not 

insignificant. CA has been historically underdiagnosed or mistaken for other disease 

processes, significantly delaying adequate treatment and affecting associated morbidity and 

mortality.4,16 The ability to use a readily available noninvasive screening test, such as 

strain measurement, to identify a population of patients in whom a confirmed or highly 

likely diagnosis of CA can be made in 33% of patients is extremely valuable, provided the 

physician and patient understand its limitations and are aware of its predictive value.

Our findings have limitations. Although we sought to determine the prevalence of CA in a 

broad population of patients with ASP, the retrospective nature of the study limited us to 

patients who had a diagnostic evaluation for CA owing to either the presence of ASP or 

additional clinical suspicion. Given this limitation, the PPV of ASP for CA in all-comers 

may be even lower than reported here. In addition, LS could not be measured in all patients 

who otherwise met the inclusion criteria, possibly biasing the reported PPV. The small 

sample size is also a limitation of the study. A larger, prospective study is needed to confirm 

these findings because variables that were not significantly different among patients with 

confirmed CA may reach significance in a larger sample. However, the fact that some of the 

tested parameters reached high levels of statistical significance in our small sample suggests 

that these particular variables may be more relevant for decision making in individual 

patients than those that need larger samples to reach significance.

In conclusions, the presence of an ASP of LS reflects confirmed or highly probable CA 

in only 1/3 of patients. Our results suggest that it is more likely to indicate CA in older 

patients, in whom the prevalence of amyloidosis is higher, and in patients with increased LV 

wall thickness. A significant proportion of patients with ASP do not have evidence of CA 

on further testing. However, 1/3 should be considered a large diagnostic yield that probably 

justifies further testing, given the poor outcomes associated with CA diagnosis.
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Figure 1. 
Example of an apical sparing pattern of LV strain on echocardiogram of a patient with 

suspected cardiac amyloidosis. (Left): parasternal long-axis view; (right): a bull’s eye 

display of longitudinal strain depicting preserved strain at the apex in the presence of 

severely reduced strain magnitude in mid- and basal LV segments.
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Figure 2. 
Patients with apical sparing strain pattern, stratified by presence or absence of CA.
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