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Abstract
Purpose: The purpose of this integrative review was to establish the 
role of cardiac rhythm analysis (electrocardiogram; EKG) and echo-
cardiogram in increasing clinical suspicion for and earlier diagnosis 
of cardiac amyloidosis. Methods: A literature review was conduct-
ed using PubMed and Scopus databases. Dates searched were from 
January 2017 to May 2021. Inclusion criteria included a diagnosis of 
cardiac amyloidosis, use of EKG, and echocardiogram participants 18 
years and older. Articles were excluded if they were duplicates, had 
an irrelevant title, or were incomplete. Results: Results indicated nei-
ther EKG nor echocardiogram alone or in combination are sufficient 
for diagnosing cardiac amyloidosis. There is, however, a combination 
of findings that could potentially prove useful in “ruling in” cardiac 
amyloidosis and prompt further evaluation. Predominant findings in 
cardiac amyloidosis cohorts found on EKG showed low-voltage QRS 
complexes, a pseudo-infarct pattern in precordial leads, and an ab-
sence of left ventricular hypertrophy on EKG. There is no single echo-
cardiogram finding specific to cardiac amyloidosis. Patients will gen-
erally present with thickened ventricular walls, and nearly all patients 
will display a preserved left ventricular ejection fraction until later 
stages of disease. Strain imaging, either via 2D or 3D transthoracic 
echocardiogram, is more useful in screening for or detecting cardiac 
amyloidosis and should be utilized in this instance. Findings in cardiac 
amyloidosis include decreased global longitudinal strain and relative 
apical sparing. Conclusion: Overall, EKG and echocardiogram are ef-
fective, feasible, and practical tools to increase clinical suspicion for 
cardiac amyloidosis for the purposes of early recognition and evalua-
tion. These are useful only to “rule in” a diagnosis. Future studies are 
needed to validate these findings.
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Amyloidosis refers to a family of dis-
eases characterized by extracellular 
amyloid fibril deposition. Amyloid de-
posits result in significant dysfunction 

within the affected organs and soft tissues. The 
subtypes of amyloidosis most frequently encoun-
tered in clinical practice include light chain (AL), 
transthyretin mutated (ATTRm), and transthyre-
tin wild-type (ATTRwt), previously referred to as 
senile amyloidosis (Stern & Kittleson, 2021). 

Immunoglobulin light chain (AL) amyloido-
sis is the most common of these disorders. AL 
amyloidosis occurs secondary to the deposition of 
protein derived from immunoglobulin light chain 
fragments. AL amyloidosis deposits may affect any 
organ, and often involve the heart, kidney, gastro-
intestinal tissues, nerves, and soft tissue. Males 
and females are affected equally. It most common-
ly occurs in those between the ages of 40 to 80 
(Gertz & Dispenzieri, 2020). Cardiac infiltration 
and staging remain the greatest prognostic indica-
tors in AL amyloidosis (Milani et al., 2018)

ATTR amyloidosis includes two main sub-
types: ATTRwt and ATTRm. In the case of AT-
TRwt, the transthyretin protein is non-mutated 
and gradually deposits amyloid proteins over a 
period of decades. Small protein deposits occur 
in soft tissues, which may lead to vascular issues 
and carpal tunnel syndrome. However, the prima-
ry pathologic feature of ATTRwt are the amyloid 
deposits that occur in the cardiac tissues. Preva-
lence is higher in males, and the most commonly 
affected age group is individuals between 65 and 
95 years. ATTRm is the result of a transthyretin 
gene mutation that leads to more rapid deposition 
of amyloid protein, with certain mutations leading 
to corresponding patterns of organ involvement 
(Gertz & Dispenzieri, 2020).

The greatest morbidity and mortality occur 
in cardiac amyloidosis (CA), which is a progres-
sive disorder and an often underdiagnosed cause 
of heart failure (Boldrini et al., 2020). Twenty-five 
percent of people with cardiac involvement of AL 
and ATTR die between 6 to 24 months of diag-
nosis, respectively (Gertz & Dispenzieri, 2020). 
Amyloid disorders frequently go undiagnosed and 
therefore are far more common than previously 
presumed (Grogan et al., 2017). The true global in-
cidence of cardiac amyloidosis remains unknown, 

as there is a lack of published epidemiologic data, 
and the frequency differs between subtypes. A re-
view by Ruberg and colleagues (2019) reports 10% 
to 15% of older adults had heart failure posthu-
mously attributed to unrecognized amyloidosis. 
Another study revealed the mortality rate of amy-
loidosis within the United States has doubled over 
the past 30 years (Alexander et al., 2018).

New targeted therapies for AL and ATTR am-
yloidosis have heightened the clinical importance 
of early recognition (Zhang et al., 2021). Targeted 
therapies are most effective when implemented 
in the early disease stage and poorer outcomes 
are a result of delayed diagnosis. Despite this 
revelation, patients will visit up to five special-
ists and experience a median 21.7-month delay 
from symptom onset to diagnosis (Bishop et al., 
2018). These data illustrate a trend of missed op-
portunities for diagnoses in both outpatient and 
inpatient settings (Grogan et al., 2017). This delay 
in diagnosis has been attributed to the varied and 
often vague clinical presentation and presumed 
rarity of the disease. 

Accurate detection of CA requires provid-
ers to demonstrate increasing clinical suspicion 
for disease processes that were once considered 
“rare.” This is exceedingly true considering the 
implementation of novel treatment therapies. 
Furthermore, clinicians are too often falsely reas-
sured by absence of data previously considered 
paramount for diagnosis of CA. A pro–B-type na-
triuretic peptide (BNP) is a relatively inexpensive 
and easily obtained cardiac biomarker that can be 
useful in detecting CA in certain cases. Studies 
have shown that BNP may be a sensitive, but not 
specific biomarker for CA (Perfetto et al., 2016). 
However, traditional cardiac biomarkers do not 
always correlate to the degree of myocardial in-
filtration, especially in ATTR, which despite simi-
lar myocardial infiltration, presented with sig-
nificantly lower serum BNP levels (Perfetto et al., 
2016). Overall survival in cardiac amyloidosis has 
been shown to improve with early clinician suspi-
cion and screening for at-risk patients (Bishop et 
al., 2018). 

In recent years, the bulk of research has fo-
cused on emerging advanced imaging for accurate 
detection of CA, such as cardiac MRI, T1 mapping, 
and scintigraphy studies. While the aforemen-
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tioned modalities represent an exciting advance in 
accurate diagnosis, cost and accessibility present 
considerable limitations. Additionally, these tests 
are often performed only after a person has been 
referred to a specialist, which limits their role as a 
screening method. 

The roles of electrocardiogram (EKG) and 
echocardiogram in the evaluation of CA have 
increased in recent years as noninvasive, cost-
effective methods compared with the traditional 
diagnostic gold standard of endomyocardial biop-
sy (Boldrini et al., 2020). Both EKG and echocar-
diogram are commonly performed, cost effective, 
and accessible in standard practice. Therefore, 
to increase clinician awareness, these techniques 
could prompt clinical suspicion for amyloid dis-
ease. This review aims to analyze the role of EKG 
and echocardiogram in the early detection of CA. 

METHODS
A literature search was conducted using PubMed 
and Scopus databases. Dates searched were from 
January 2017 to May 2021. The search included ab-
stracts, titles, and full-text articles. Book chapters, 
letters, notes, and grey literature were excluded. 
The search was limited to English-only publica-
tions comprising only adult and human subjects. 
The search resulted in a total of 3,471 articles. Af-
ter exclusion of duplicates, 2,628 articles were re-
viewed (Figure 1). Articles were reviewed for the 
following inclusion criteria: diagnosis of cardiac 
amyloidosis (ATTR, wtATTR, AL), participants 18 
years and older, and documented echocardiogram 
and EKG (rhythm analysis) findings. Articles were 
excluded if they were duplicates or subjects were 
diagnosed with amyloidosis with absence of car-
diac involvement. The primary author reviewed 

Figure 1. PRISMA diagram. ATTR = transthyretin amyloidosis; EKG = electrocardiogram; wATTR = wild-
type ATTR amyloidosis; AL = amyloid light chain amyloidosis. Adapted from Moher et al. (2009). 
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the remaining articles, excluding those with irrel-
evant subjects and titles. Final articles published 
with most recent relevant data were ultimately se-
lected. A total of eight articles were selected based 
on inclusion and exclusion criteria. 

RESULTS
Sample Characteristics
A total of 1,751 subjects were included from the 
eight selected studies. All studies included co-
horts with ATTR or AL amyloidosis confirmed via 
biopsy or advanced imaging. Three of the stud-
ies (Löfbacka et al., 2021; Pagourelias et al., 2017; 
Boldrini et al., 2020) included additional control 
groups with diagnoses such as hypertensive and 
hypertrophic cardiomyopathies and increased 
septal thickness in an effort to discriminate am-
yloid-related changes on echocardiogram. Three 
studies included both ATTR and AL types of CA, 
while four studies included only AL. Löfbacka and 
colleagues (2021) was the singular study that was 
exclusive to ATTR. 

Electrocardiogram
Many of the studies (six of eight) provided EKG 
information, the majority obtained in the 3 months 
surrounding diagnosis. The hallmark findings of 
CA on EKG historically have been accepted as in-
creased ventricular wall thickness plus low volt-
age (Sperry et al., 2016). The studies included in 
this review evaluated findings that could be useful 
as screening criteria for CA. The primary findings 
identified through this review include (1) pseudo-
infarct pattern, (2) low-voltage QRS complexes, 
(3) minimal or absence of left ventricular (LV) hy-
pertrophy as defined by the Sokolow-Lyon crite-
ria, (4) atrial fibrillation, and (5) first-degree atrio-
ventricular (AV) block. 

Pseudo-Infarct Pattern. Four of the studies 
report on pseudo-infarct pattern, with encourag-
ing results in reported in three. In a 2018 Malay-
sian-based retrospective study by Roslan and col-
leagues (2018), 13 patients with biopsy-proven AL 
CA were evaluated. Nearly 70% of their subjects 
demonstrated a pseudo-infarct pattern. Costache 
and colleagues (2019) performed a case series in a 
Romanian Hospital of six patients with a diagno-
sis of CA, confirmed by either bone scintigraphy 
or peripheral biopsy, to evaluate the role of both 

echocardiogram and scintigraphy in evaluating 
CA. All six subjects underwent evaluation via 12-
lead EKG, and pseudo-infarct pattern in precor-
dial leads was identified in all six subjects. 

A 2017 retrospective cohort study of 100 pa-
tients in Belgium and published by Pagourelias and 
colleagues focused on echocardiogram parameters 
for distinguishing CA on echocardiogram but also 
described EKG changes. The study included three 
cohorts. Cohort one consisted of 40 patients with 
endomyocardial biopsy-confirmed CA. Cohorts 
two and three consisted of 40 patients with hyper-
trophic cardiomyopathy (HCM) and 20 patients 
with hypertensive cardiac changes, respectively. 
EKG findings within cohort one, CA-confirmed 
patients, included presence of Q waves, indicative 
of a pseudo-infarct pattern in 45% (18/40) as op-
posed to 37.5% (15/40) of the HCM cohort and 0% 
(0/20) of the hypertensive cohort. 

In contrast, Zhang and colleagues (2021) con-
ducted a retrospective cohort study in the United 
States. The study included 242 total subjects con-
sisting of 113 patients with endomyocardial biopsy-
confirmed CA compared with a control group (n = 
129). EKG was performed on all the subjects with-
in the CA group (n = 113). Of the 113 CA patients, 
only 27% displayed a pseudo-infarct pattern.

Low-Voltage QRS Complexes. Six of the stud-
ies reported on low-voltage QRS complexes. 
Costache and colleagues (2019) in the Roman 
case series identified low-voltage QRS com-
plexes in all six subjects. In the Zhang and col-
leagues (2021) retrospective cohort study EKG of 
the CA group, low-voltage QRS complexes were 
found in 52% of limb leads and 21% in precor-
dial leads. Similarly, Pradel and colleagues (2019) 
reported on a French cohort of 58 patients with 
48% demonstrating low-voltage QRS complex on 
EKG. In this retrospective study, 71 total patients 
were divided into a control group (n = 21) and a 
group consisting of patients with confirmed AL 
amyloidosis (n = 58). EKG criteria for the control 
group (n = 21) were not available for compari-
son. Löfbacka and colleagues (2021) performed 
a Swedish cross-sectional study composed of 58 
total subjects (N = 58) divided into cohorts with 
confirmed ATTR CA (n = 33) and a control group 
with no evidence of CA (n = 25). In the ATTR 
population, 43% demonstrated low-voltage QRS 
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complexes as measured by the Sokolow-Lyon 
criteria on EKG compared with none in the con-
trol group. 

In contrast, in the Pagourelias and colleagues 
(2017) cohort, only 7 of 40 patients showed low-
voltage QRS complexes. In the 2018 Malay-
sian-based retrospective study by Roslan and 
colleagues, only 3 of the 13 patients (23%) had low-
voltage QRS complexes.

LV Hypertrophy. LV hypertrophy was evaluat-
ed in four of the studies. In the Costache and col-
leagues (2019) case series, absence of LV hypertro-
phy was identified on EKG in all six subjects. In 
contrast, in the Pagourelias and colleagues (2017) 
study, only 5 of the 40 patients demonstrated LV 
hypertrophy on EKG. Similarly, Zhang and col-
leagues (2021) reported only 1% of the subjects 
with LV hypertrophy, and Roslan and colleagues 
(2018) reported only 1 of the of the 13 patients 
demonstrated LV hypertrophy on EKG. 

Atrial Fibrillation. Atrial fibrillation was re-
ported in five of the studies, with all reporting low 
incidence of occurrence. Costache and colleagues 
(2019) noted atrial fibrillation in 3 of the 6 pa-
tients. Zhang and colleagues (2021) reported atri-
al fibrillation in 24% of subjects. Similarly, Roslan 
and colleagues (2018) reported 15.4% (2/13), and 
Pradel and colleagues (2019) reported 14% (8/58). 
Pagourelias and colleagues (2017) noted only 4 out 
of 40 CA patients in atrial fibrillation. 

AV Block. Only three of the studies reported on 
AV block as a finding in patients with confirmed 
CA. In the 2018 study by Roslan and colleagues, 
almost all the patients (12/13) displayed first- 
degree AV block. Zhang and colleagues (2021) 
noted first-degree AV block in 33% of subjects in 
the CA cohort. In contrast, Pagourelias and col-
leagues (2019) noted first-degree AV block in only 
5 of 40 patients (12.5%). 

Summary of EKG Findings. No single EKG find-
ing emerged as a reliable indicator of CA. However, 
three of the studies (Costache et al., 2019; Pagoure-
lias et al., 2017; Zhang et al., 2021) revealed a combi-
nation of EKG findings in the CA population in con-
currence with historical parameters that might be 
useful indicators in screening for CA. For the most 
part, EKG showed low-voltage QRS complexes, a 
pseudo-infarct pattern in precordial leads, and an 
absence of LV hypertrophy on EKG. 

Two-Dimensional Echocardiogram
Left Ventricular Ejection Fraction. Transthoracic 
echocardiogram (TTE) was utilized in all eight 
studies. Six of the studies focused primarily on 
two-dimensional (2D) TTE, while two of the 
studies utilized 3D TTE. The most frequently 
noted parameter of a standard TTE is the left 
ventricular ejection fraction (LVEF), which as-
sesses systolic function of the left ventricle. Gen-
erally speaking, a low-normal LVEF is greater 
than 50%, while a normal LVEF is considered 
greater than 55% (Yancy et al., 2013). Historical-
ly, a primary echocardiogram feature of CA is a 
preserved ejection fraction. LVEF typically stays 
in low-normal to normal range until later stages 
of disease (Grogan et al., 2017). All eight of the 
studies reflected this (Table 1), as all the patients 
in early- to mid-stage of CA disease maintained a 
relatively normal LVEF.

Ventricular Wall Thickness. Another hall-
mark TTE finding in CA is thickened ventricular 
walls. There are numerous ways to calculate and 
report thickened ventricular walls, with newer 
calculations having been recently proposed. In a 
multicenter Italian study, Boldrini and colleagues 
(2020) established an increased wall thickness 
(IWT) score to accurately identify CA in patients 
with cardiomyopathy. The IWT score is com-
prised of echocardiogram-derived parameters of 
relative wall thickness (RWT), E-wave to e-wave 
(E/e’), tricuspid annular plane systolic excursion 
(TAPSE), longitudinal strain (LS), and systolic 
apex-to-base ratio (SAB). This cross-sectional 
study included 1,187 total subjects divided into 
two cohorts consisting of subjects with systemic 
AL amyloidosis (n = 494) and increased LV wall 
thickness (IWT) without presence of CA (n = 978). 

Despite employing a variety of scoring meth-
ods to calculate wall thickness (RWT, IWT, septal 
thickness, interventricular septum thickness at 
end-diastole), all eight of the articles noted that 
wall thickness is present in CA. 

Strain Imaging. Myocardial deformation im-
aging provides further measurements of cardiac 
mechanics as they relate specifically to systolic 
function. Collectively, this is often referred to as 
strain imaging. In traditional 2D echocardiogra-
phy, these strain measurements can be obtained 
via tissue Doppler imaging by pulse wave or re-
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constructed color strain and strain rate values 
or non-Doppler–derived via 2D speckle tracking 
echocardiogram (Fihn et al., 2012).

Another important deformation parameter in 
relation to CA is the presence of an apical spar-
ing pattern. An apical sparing describes a pattern 
of opposing strain values within segments of the 
left ventricle. The presence of an apical spar-
ing pattern in CA cohorts was noted by Löfbacka 
and colleagues (2021), Pagourelias and colleagues 
(2017), Boldrini and colleagues (2020), Zhang and 
colleagues (2021), and Lei and colleagues (2021). 
In the study conducted by Roslan and colleagues 
(2018), strain imaging was available for only 7 out 
of 13 patients, all of which demonstrated apical 
sparing pattern.

Three-Dimensional Echocardiogram
3D TTE with speckle tracking focuses on mechan-
ics of left ventricle–deriving global strain values 
from measurements of LV end-systolic and end-
diastolic volumes, LV mass, and LVEF. Two of the 
studies (Pradel et al., 2019; Lei et al. 2021) evalu-
ated the role of 3D echocardiography with speckle 
tracking. Both studies focused solely on the diag-
nosis of AL amyloidosis. In a 2021 retrospective 
cohort study, Lei and colleagues (2021) reviewed 
and performed strain analysis on 74 patients with 
confirmed AL amyloidosis. The primary focus 
of the study was to evaluate 3D speckle tracking 
echocardiography and conventional 2D echocar-
diogram in combination with additional markers 
to aid diagnosis of CA.

Both Pradel and colleagues (2019) and Lei and 
colleagues (2021) concluded that patients with 
AL amyloidosis with cardiac involvement demon-
strated significantly decreased global longitudinal 
strain (GLS). This is representative of impaired LV 
mechanics in CA. According to both studies, 3D 
TTE with speckle tracking provides an accurate 
assessment of cardiac function in amyloid disease, 
proving it useful in determining a diagnosis. 

DISCUSSION
Both EKG and echocardiogram are often consid-
ered the first step towards a diagnosis of cardiac am-
yloidosis. Although not definitive or specific, results 
of both play a role in “ruling in” and considering the 
diagnosis. In this review, prominent EKG findings 

in the CA population include presence of a pseudo-
infarct pattern, low-voltage QRS complexes, pro-
longed PR interval or first-degree AV block (type 
I) pattern, and the absence of LV hypertrophy per 
Sokolow-Lyon criteria on EKG. Atrial fibrillation or 
flutter were common rhythm disturbances noted.

Traditional echocardiogram findings include 
normal systolic function as evident by preserved 
LVEF until later stages of disease. The presence of 
thickened walls should increase the suspicion of 
CA despite a lack of other clinical findings. How-
ever, this finding alone is not specific for CA and is 
sensitive only when combined with EKG results. 
The combination of thickened ventricular walls 
and low-voltage QRS complexes is particularly 
useful when considering CA. Only one of the in-
cluded studies (Löfbacka et al., 2021) challenged 
the classically taught “mismatch” of findings on 
echocardiogram with LV wall thickness com-
bined with low-voltage QRS, as only 23% (n = 3) 
of patients displayed this pattern. However, this 
is the singular study that focused only on ATTR 
amyloidosis. It has been noted that the incidence 
of these findings is markedly decreased in ATTR 
compared with AL. 

When available, strain imaging should be con-
ducted, as it is particularly useful in assessing for 
CA. The primary clinical application for strain im-
aging is to evaluate LV function, most commonly 
via GLS (normal GLS is > 20%). Global longitu-
dinal strain, that is, strain imaging, is particularly 
useful in recognizing clinical or subclinical LV 
dysfunction otherwise not detected in standard 
2D echocardiogram. Findings of this review sug-
gest that decreased GLS should prompt suspicion 
of cardiac amyloidosis.

Another deformation pattern commonly en-
countered in CA is the presence of apical sparing. 
Notably, all the patients included in the review by 
Roslan and colleagues (2018) were found to have 
apical sparing. This suggests apical sparing pat-
tern is highly specific for CA, and strain imaging 
should be utilized when available. According to 
Pradel and colleagues (2019), in 2D echocardio-
gram, speckle tracking is arguably more useful in 
identifying LV dysfunction over tissue Doppler 
imaging. Limitations to GLS include interobserver 
and machine variability, image quality, and indi-
vidual analysis competency. 
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Pradel and colleagues (2019) also noted 3D 
imaging revealed notable changes in patients with 
intermediate disease that were not discovered via 
conventional 2D TTE. Specifically, subtle changes 
to LV ejection fraction were more evident via 3D 
LV function assessment. 3D TTE is also more re-
producible compared with 2D TTE, as it utilizes 
automatic wall motion tracking software (Pradel 
et al., 2019). Unfortunately, although accurate, 3D 
speckle tracking is more costly and specialized 
and is therefore less accessible.

Limitations
Limitations to this review include the lack of ran-
domized control trials. The studies included are 
limited to retrospective and prospective studies, 
and case reviews. The sample size is another limi-
tation, as five of the eight studies had samples fewer 
than 100 subjects. Additionally, nearly all the stud-
ies were performed at tertiary centers with depart-
ments specialized in recognizing CA, thus limiting 
generalizability to other less specialized settings. 

CONCLUSION
Neither EKG nor echocardiogram alone or in 
combination are sufficient to diagnose CA. There 
are, however, a combination of findings that could 
potentially prove useful in “ruling in” CA and 
prompt further evaluation. Predominant findings 
in CA cohorts found on EKG showed low-voltage 
QRS complexes, a pseudo-infarct pattern in pre-
cordial leads, and an absence of LV hypertrophy 
on EKG. 

There is no single echocardiogram finding 
specific to CA. Patients will generally present with 
thickened ventricular walls, and nearly all patients 
will display a preserved LVEF until later stages of 
disease. Strain imaging, either via 2D or 3D TTE, 
is more useful in screening for or detecting CA and 
should be utilized in this instance. Findings in CA 
include decreased GLS and relative apical sparing.  

IMPLICATIONS FOR PRACTICE
Despite the fact that it has been considered a rare 
group of diseases, it is far more likely that the ad-
vanced practitioner will encounter systemic amy-
loidosis. As both EKG and echocardiogram are 
common practice, this information is applicable to 
providers in many settings, and are not specific to 

cardiology. Detection and outcomes are improved 
with collaboration. The advanced practitioner’s 
ability to recognize subtle changes in commonly 
performed screenings could result in prompt di-
agnoses and earlier intervention. 

A provider should consider a diagnosis of CA if 
a patient undergoes an EKG that shows low-voltage 
QRS complexes, a pseudo-infarct pattern in precor-
dial leads, and an absence of LV hypertrophy, or an 
echocardiogram that shows thickened ventricular 
walls with a preserved LVEF. Advanced practitio-
ners are in a prime position in various clinical set-
tings to recognize these changes and can make a 
profound impact on the mortality of CA. l
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