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The value of the electrocardiogram
in the recognition of cardiac amyloidosis:
a systematic meta-analysis

Haitao Sun', Zheng Shi' and Wei Liu*

Abstract

Objective We conducted a systematic review and meta-analysis to assess the diagnostic value of the
electrocardiogram (ECG) method in detecting cardiac amyloidosis (CA) to indicate its clinical application.

Methods We searched PubMed, Web of Science, OVID Medline, and Cochrane Library databases for clinical trials
assessing the diagnostic performance of ECG in detecting CA. We employed the risk ratio and 95% confidence
interval (Cl) to explicit estimates. QUADAS-2 was applied to evaluate the bias risk and the clinical applicability of the
included studies. Reviewer Manager (RevMan) 5.3 and Stata 16.0 were employed to complete all statistical analyses.

Results This meta-analysis included ten studies (N=6353 patients). Overall, the findings of the study exposed that,
for CA patients in whom the ECG method was used, the sensitivity and specificity were 0.49 and 0.91, respectively.
The positive likelihood ratio (LR) and negative LR were 5.17 and 0.57, respectively. The diagnostic odds ratio (DOR)

and diagnostic score of the ECG in detecting CA were 9.11 and 2.21. The area under the curve (AUC) was 0.83(95%
C1=0.79-0.86). The hierarchical summary receiver operating characteristic (HSROC) curve further confirmed the
diagnostic accuracy of the ECG, demonstrating a high prediction and confidence interval for the pooled estimate. No
significant publication bias was detected, as confirmed by funnel plot analysis. Sensitivity analysis confirmed that the
pooled estimates for ECG remained stable after the exclusion of individual studies, underscoring the robustness of the
findings. The combined DOR and diagnostic score were 9.11 and 2.21, respectively.

Conclusions ECM has low sensitivity and high specificity in the diagnosis of CA. AUC> 0.5, indicating that ECM has
accuracy and diagnostic value in the diagnosis of CA to some extent.
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Introduction

Cardiac amyloidosis (CA) is mainly caused by the mis-
folding and progressive deposition of fibrillar amyloid
precursor protein in heart tissue [1]. Endomyocardial
biopsy (EMB) is the gold standard for diagnosing CA.
However, EMB is an invasive examination method with
high technical requirements and cost [2]. Therefore, there
is a critical need for non-invasive diagnostic methods.

Currently, the most prevalent methods for non-inva-
sive diagnosis of CA include the detection of serologi-
cal markers, electrocardiogram (ECG), echocardiogram
(ECHO), cardiovascular magnetic resonance imaging
(CMR), and nuclear imaging, among others [3, 4]. Among
these, and radionuclide imaging, ECG stands out as the
simplest and most frequently utilized auxiliary diagnos-
tic tool. It offers the benefits of ease of use, short dura-
tion, and affordability [5]. The ECG manifestations in CA
patients can be summarized as follows: presence of low
voltage, absence of poor R wave progression in precor-
dial leads, and occurrence of false infarction waves, [6].
Distinctive ECG findings can supply critical hints for the
diagnosis of CA [7]. Rencuzogullari et al. [8] found that a
prolonged R-S interval in patients with pulmonary embo-
lism (PE) might indicate the condition. The study focused
on high-risk patients and used digital ECG results, which
are valuable for clinical diagnosis. Another study inves-
tigated the relationship between the fQRS-T angle and
blood pressure (BP) patterns in newly diagnosed hyper-
tensive individuals without left ventricular hypertrophy
(LVH) [9]. Similarly, Karakayali et al. [10]. evaluated the
efficacy of P-wave indices (PW1Is) from ECG in predict-
ing atrial high-rate episodes (AHRE) in cardiovascular
implanted electronic devices (CIEDs) patients, noting
that prolonged P wave frontal plane duration (PFWPD)
could be linked to AHRE.

Currently, there is no relevant meta-analysis on the
diagnostic value of ECG in detecting CA. Therefore, we
searched for and analyzed relevant studies on the sensi-
tivity and specificity of ECG in diagnosing CA, summa-
rized these studies through meta-analysis, and validated
the diagnostic value of ECG in CA.

Methods

Protocol

This meta-analysis was based on the Preferred Report-
ing Items for Systematic Reviews and Meta-analysis
(PRISMA).

Eligibility criteria

Two reviewers independently assessed the titles and
abstracts from the literature search to identify eligible
articles. Articles were excluded if they were animal or cell
experiments, case reports, reviews, lectures, or if they con-
tained insufficient data. Studies were included if they met
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the following criteria: (1) The study was a diagnostic accu-
racy experiment. (2) Patients in the study were diagnosed
with CA. Diagnostic criteria: Myocardial pathological spec-
imens were obtained by endocardial biopsy, and the Congo
red staining was positive. Alternatively, patients were diag-
nosed combined with ECG, ECHO, CMR, nuclear imag-
ing, and other related examinations for clinical diagnosis of
CA. (3) Studies that evaluated the accuracy of ECG. (4) The
data for true positive, false positive, true negative, and false
negative outcomes were available for extraction.

Search strategy and data extraction

We conducted an extensive search of the databases
PubMed, Web of Science, OVID Medline, and Cochrane
Library for articles published in English from January 1,
2010, to December 31, 2021. Key words or phrases were
employed for the search: [(Cardiac amyloidosis) OR
(Transthyretin Amyloidosis)]AND[(Electrocardiography)
OR (Electrocardiogram) OR (ECG) OR (Electrocardio-
graph)]. Two independent reviewers carried out the orig-
inal search, which was then reiterated and refined by a
third researcher to validate the retrieved articles against
the search strategy. The data extraction process included
capturing information such as the author, publication
year, country, design type, sample size of case and control
group, age, time interval, blind method, diagnostic crite-
ria, sensitivity, specificity, true positive (TP), false posi-
tive (FP), true negative (TN), false negative (FN), among
others. The Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool was used for assessing the
quality of the diagnostic accuracy studies.

Statistical analysis

Revman V.5.3 (The Cochrane Collaboration) was
employed to assess the bias risk of the included articles.
Stata 16.0 (StataCorp, USA) was used for meta-analysis.
We employed the risk ratio and 95% confidence interval
(CI) to explicit estimates. The consequences were exhib-
ited as a forest plot, and heterogeneity among the articles
was calculated by the I” statistic. The publication bias was
assessed by the funnel plot with Begg’s test. SROC curve
was employed to evaluate and imagine the diagnostic
performance of involved studies.

Results

Study selection

Figure 1 demonstrates the flowchart of the literature selec-
tion process. The initial search yielded 568 publications
from electronic databases. Duplicates and inappropriate
articles were excluded, generating 471 articles for title
and abstract assessment. After eliminating 369 articles
for irrelevant study aims, the remaining 102 were evalu-
ated through the full-text review. Subsequently, 92 studies
were excluded for the following reasons: unavailability of
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the full text, inappropriate study design, population con-
sisting of individuals under the age of 18, and insufficient
data. Finally, The full-text assessment ultimately yielded
ten articles that met the selection criteria, and these ten
studies were included in the meta-analysis.

Study characteristics and quality control
The characteristics and general information of the
involved studies are demonstrated in Tables 1 and 2.

25% 50% 75%  100%

Applicability Concerns

. Low

100% 0%

Among these articles, two were conducted in Italy, 3 in
China, 1 in France, and 4 in the United States.

Quality control

The quality of the involved articles was assessed using the
QUADAS-2 scale. Two researchers conducted the quality
evaluation, and the findings are exhibited in Fig. 2.
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Fig. 3 Forest plots of combined sensitivity and specificity of the ECG in detecting CA
Table 1 Study characteristics
References Year of Country  Re- Sam- Age Gender (male/female)  Time Blind Diagnostic
publication search ple (years) Interval’ meth- criteria
Design size od 2
Rahman etal. [19] 2004 USA RC 177 63(21-78)  N/A N/A Yes EMB
Bethany etal. [20] 2009 USA RC 45 62 (53-77) 33/15 24-48 h Yes EMB
Cheng Zetal. [21] 2011 China RC 25 5112 8/15 N/A Yes EMB
Chengetal. [22] 2013 China RC 273 54£17 169/107 N/A Yes EMB or ECHO
Robertaetal. [23] 2013 [taly RC 336 66(55-73) N/A N/A Yes EMB or ECHO
Gianluca etal.[24] 2015 Italy NA 36 53+13 14/23 The sameday  Yes Gene detection
Huang et al. [25] 2015 China RC 113 55114 77/33 N/A Yes EMB
Martin et al. [26] 2019 France pPC 115 66(59-79) N/A N/A Yes EMB or CMR
Kathleen etal.[27] 2020 USA RC 243 69 (61-75) N/A N/A Yes EMB
Martha et al. [28] 2021 USA RC 4990 N/A 35,766/1421 Within 180 N/A EMB or
days Radionuclide
imaging

CMR: Cardiovascular magnetic resonance; ECG: Electrocardiogram; EMB: Endomyocardial biopsy; ECHO: Echocardiogram; PC: Prospective cohort; RC: retrospective

cohort
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Fig. 4 Forest plots of pooled positive LR and negative LR of the ECG in detecting CA

Diagnostic performance of ECG =94.51%); and negative LR was 0.57 (95%CI=0.45-
The combined sensitivity reflects the ability of ECG in  80.71, P=0.00, I*=98.43%).

the detection of CA. As demonstrated in Figs. 3 and 4,

the combined sensitivity was 0.49 (95%CI=0.36-0.61, Diagnostic odds ratio and diagnostic score

P=0.00, ’=97.70%), and the combined specificity was  The forest map of the DOR of the ECG in detecting CA
0.91 (95%CI=0.85-0.94, P=0.00, ’=96.33%). In addition,  is demonstrated in Fig. 5 (DOR merge=9.11) (95% CI:
the positive LR was 5.17 (95%CI=3.26-8.19, P=0.00,

Table 2 General information of included studies

References Year of publication TP FP FN N CA/Control DOR Sen (%) Spe (%)
Rahman et al. [19] 2004 26 16 20 110 48/128 8.38 57 86
Bethany et al. [20] 2009 3 1 21 21 24/22 299 12 94
Cheng Zetal. [21] 2011 5 1 6 8 11/8 16.09 46 98
Cheng et al.[22] 2013 101 17 85 68 188/87 4.58 53 80
Roberta et al. [23] 2013 156 21 177 85 233/105 367 46 80
Gianluca et al. [24] 2015 12 1 5 17 19/18 409 71 93
Huang et al.[25] 2015 22 2 22 65 45/66 64 51 97
Martin et al. [26] 2019 51 4 33 28 83/35 15.30 63 90
Kathleen et al. [27] 2020 57 17 55 106 111/125 6.14 51 83
Martha et al. [28] 2021 679 113 1850 2340 2510/2549 7.53 26 93

TP: True positive; FP: False positive; FN: False negative; TN: True negative; DOR: Diagnostic odds ratio; Sen: Sensitivity; Spe: Specificity
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Fig. 5 Forest plots of DOR and the diagnostic score of the ECG in detecting CA

5.08-16.34). The forest map of the diagnostic score of the
ECG in detecting CA was 2.21 (95% CI: 1.63-2.79).

Summary receiver operative characteristic curve analysis
The area under the SROC curve reflects the accuracy of
the diagnostic trial. The pooled diagnostic value of ECG
in detecting CA was evaluated by SROC curve analysis;
the area under the SROC was 0.83 (95% CI 0.79-0.86,
Fig. 6).

Hierarchical summary receiver operating characteristic
curve analysis

The pooled diagnostic value of ECG in detecting CA was
evaluated by HSROC curve analysis; the 95% confidence
region and 95% prediction region for each study esti-
mate and merger estimate are shown in Fig. 7. The find-
ings confirmed that ECG detection might exhibit good
diagnostic accuracy for differentiating CA from healthy
controls.

Publication bias

Deek’s funnel plot assessment for publication bias
showed that Bias coefficient=7.13 (95%CI= -4.15-18.30),
P=0.16, suggesting no publication bias in the meta-anal-
ysis (Fig. 8).

Sensitivity analysis

Sensitivity analysis was conducted to estimate the pro-
spective influence of a single study on the overall esti-
mate. After excluding each study one by one, the pooled
consequences of ECG persisted robustly.

Discussion

The clinical manifestations of CA are diverse and lack
specificity. Endocardial biopsy (EMB) is the gold stan-
dard for diagnosing CA [11]. However, EMB is an inva-
sive examination. Therefore, non-invasive diagnostic
methods play a crucial role in the diagnosis of CA. At
present, non-invasive diagnostic approaches include
ECG, cardiac Doppler ultrasound, cardiac MRI, and
radionuclide imaging [12]. Among them, ECG is the most
simple and commonly used auxiliary diagnostic tool,
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providing important clues for the preliminary diagnosis
of CA [13]. With this simple and feasible non-invasive
diagnosis method, early diagnosis and early treatment
can be achieved by screening this rare disease.

Recently, the incidence of CA has been on the rise,
and many studies are constantly exploring and improv-
ing the methods of diagnosing CA [14]. However, there
is a need for detection methods that possess the same
high specificity as myocardial biopsy. Therefore, patients
with clinically unexplained heart failure or refractory
heart failure should be monitored with heightened vigi-
lance, and attention should be paid to the possibility of
CA. Currently, it is necessary to comprehensively analyze
and evaluate the relevant examination results compre-
hensively. Numerous studies have suggested that abnor-
malities in ECG are nearly universal in CA patients, but
the specificity is low. An ECG with extensive low voltage
and a poor R wave increases in precordial leads may also
indicate CA [15]. Eicher et al. [16] performed a trial on
276 patients with CA; they found that the specificity of
ECG in diagnosing CA was very high. Sharma et al. [17]
have suggested that in the diagnosis of CA, the sensitivity
of ECM is about 54%. For patients suspected of CA, the
diagnostic significance of ECM cannot be overlooked. It

0.5 0.0

Specificity

can reduce the need for invasive detection methods such
as EMB, thus significantly improving the diagnosis rate of
CA. However, research into the accuracy of ECG in diag-
nosing CA needs to be more consistent.

We conducted this meta-analysis to search and analyze
the literature about the application of ECG in diagnosing
CA. This meta-analysis revealed that the sensitivity and
specificity were 0.49 and 0.91, respectively. The positive
LR and negative LR were 5.17 and 0.57, respectively. The
area under the SROC curve was 0.83. The sensitivity of
ECQG reflects its diagnostic ability in detecting CA. Our
study revealed that the sensitivity was low, indicating that
the diagnostic ability for this disease could be improved.
Lijima et al. [18] observed t a specificity of 43% for ECG
in the diagnosis of CA, which was consistent with our
findings. Furthermore, we observed that the combined
DOR and diagnostic score of the ECG in detecting CA
were 9.11 and 2.21, suggesting that the ECG has a par-
ticular value in diagnosing CA. PLR refers to the ratio of
the probability of positive results between the CA group
and the non-CA group. The combined PLR was 5.17
(95%CI1=3.26-8.19). A higher PLR indicates a stronger
ability to diagnose diseases accurately. The PLR of this
study was 5.17, suggesting that the diagnostic ability of
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Fig. 7 Hierarchical summary receiver operating characteristic curve

ECG in diagnosing CA was moderate. In this study, the
NLR was 0.57, suggesting that ECM has a solid ability to
rule out the disease. AUC was 0.83(95% CI=0.79-0.86),
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suggesting that ECG had accuracy in diagnosing CA.
HSROC curve, reflecting the discriminative ability of
the diagnostic test, had an estimated value of 1.89 (0.94—
2.84). These findings indicated that ECM had low sensi-
tivity and high specificity in the diagnosis of CA, with an
AUC greater than 0.5, suggesting that it has accuracy and
diagnostic value to some extent.

However, this study had some limitations. The source
of heterogeneity was not explored in this study. Diagnos-
tic cut-offs varied among the different studies, and some
studies included did not demonstrate that small sample
sizes were a source of heterogeneity. The majority of the
included literature was based on single-center data analy-
sis; thus, the representativeness could be improved.

Conclusions

In brief, this meta-analysis found that ECM has low sen-
sitivity and high specificity in diagnosing CA. With an
AUC greater than 0.5, this indicates that ECM has a cer-
tain level of accuracy and diagnostic value in the diagno-
sis of CA. The diagnosis by ECM, combined with other
noninvasive diagnostic methods, can help achieve the
goal of early detection, diagnosis, and treatment for CA.
The high specificity of the ECG suggests that any abnor-
mal findings should prompt further diagnostic testing,
likely including echocardiography, MRI, or biopsy, to
confirm CA. Treatment for CA depends on the subtype
and severity, with various options including chemother-
apy, immunotherapy, supportive care, or heart transplan-
tation. We stress that while the ECG is a useful initial
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@
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screen, a multimodal diagnostic strategy is essential to
avoid delayed diagnosis and suboptimal treatment. The
ECG’s diagnostic performance, particularly its low sen-
sitivity, necessitates a multifaceted approach to patient
management.
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CMR Cardiovascular magnetic resonance imaging
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