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Abstract

Background

The Peguero-Lo Presti criteria are novel electrocardiographic (ECG) diagnostic criteria for
the detection of left ventricular hypertrophy (LVH) and represent the sum of the amplitude of
the deepest S wave in any lead with the S wave in lead V4 (Sp+SV,). The diagnostic efficacy
of the Peguero-Lo Presti criteria in LVH is still debatable. We aimed to test the sensitivity
and specificity of the Peguero-Lo Presti criteria and compared them with those of the Cornell
voltage index to assess their overall performance in LVH diagnosis.

Methods

Electronic databases (e.g., Medline, Web of Knowledge, Embase, and the Cochrane
Library) were searched from their inception until May 18, 2020. Trials written in English that
investigated the Peguero-Lo Presti criteria for detecting LVH were included. Data were inde-
pendently extracted and analyzed by two investigators.

Results

A total of 51 records were screened, and 6 trials comprising 13,564 patients were finally
included. A bivariate analysis showed that the sensitivity of the Peguero-Lo Presti criteria
(0.52, 95% confidence interval (Cl) 0.46-0.58) was higher than that of the Cornell voltage
index (0.29, 95% CI 0.23-0.36) and Sokolow-Lyon criteria (0.24, 95% Cl 0.21-0.27); the
diagnostic accuracy of the Peguero-Lo Presti criteria (0.69, 95% Cl 0.65-0.73) was also
higher than that of the Cornell voltage index (0.67, 95% Cl 0.62-0.71) and Sokolow-Lyon cri-
teria (0.28, 95% CIl 0.25-0.32); and the specificity of the Peguero-Lo Presti criteria (0.85,
95% CI 0.79-0.90) was similar to that of the Cornell voltage index (0.92, 95% CI 0.89-0.95)
and Sokolow-Lyon criteria (0.94, 95%CI 0.88-0.97). Two trials (including 12,748 patients)
were discharged because they included partly healthy subjects and accounted for substan-
tial heterogeneity. Pooled analysis of the remaining 4 trials (including 816 patients) showed
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that the sensitivity of the Peguero-Lo Presti criteria (0.56, 95% Cl 0.51-0.61) was also
higher than that of the Cornell voltage index (0.36, 95% Cl 0.31-0.42) and Sokolow-Lyon cri-
teria (0.24, 95% CI1 0.18-0.31); the diagnostic accuracy of the Peguero-Lo Presti criteria
(0.84, 95% CI 0.80—-0.87) was also higher than that of the Cornell voltage index (0.54, 95%
C10.50-0.58) and Sokolow-Lyon criteria (0.38, 95% CI 0.34-0.42); and the specificity of the
Peguero-Lo Presti criteria (0.90, 95% Cl 0.87-0.92) was similar to that of the Cornell voltage
index (0.93, 95% CI 0.88-0.96) and Sokolow-Lyon criteria (0.97, 95% Cl 0.90-0.99). Both
the likelihood ratio and posttest probability of the Peguero-Lo Presti criteria and Cornell volt-
age index were moderate.

Conclusion

Based on this systematic review and meta-analysis, the Peguero-Lo Presti criteria-based
ECG diagnostic method for LVH has high sensitivity, specificity and diagnostic accuracy
and should be applied in clinical practice settings.

Introduction

Left ventricular hypertrophy (LVH) is an important cause of arrhythmia, heart failure and sudden
cardiac death [1-3]. Early diagnosis and prompt therapy might reverse the mechanism of LVH
and improve the clinical outcomes of patients [4]. Electrocardiogram (ECG) is the most common
diagnostic tool in the immediate screening of LVH due to its established clinical value, broad
availability, and low costs. Several ECG criteria (at least 35 kinds) have been proposed in clinical
practice [5-7]. However, all current criteria have poor sensitivity [8—11]. Therefore, exploring
new ECG criteria with adequate sensitivity is necessary for clinical practice.

In 2017, Peguero et al. introduced a novel ECG voltage criterion (named the Peguero-Lo
Presti criteria), which is the sum of the amplitude of the deepest S wave in any lead with the S
wave in lead V, (Sp+SVy), to diagnose LVH [12]. They demonstrated that this criterion had a
higher sensitivity (62% VS 35%) and similar specificity (90% VS 92%) than those in the Cornell
voltage index, which is the most commonly used ECG criterion. This finding has been con-
firmed by many studies [13-15]. However, many scholars argue that the Peguero-Lo Presti cri-
teria may not be a better screening tool for LVH in certain populations (obese patients and
Asian populations) [16, 17]. The latest study conducted by Ricciardi et al. found that the Cor-
nell voltage index had a more accurate diagnostic performance than the Peguero-Lo Presti cri-
teria [18].

The most recent meta-analysis performed by Noubiap et al. proved that the Peguero-Lo
Presti criteria have better diagnostic performance than the Cornell voltage index and Sokolow-
Lyon criteria and might be more useful in routine clinical practice as a screening tool for LVH
[19]. However, substantial heterogeneity was observed. Unfortunately, the authors did not
conduct an exploratory analysis of the sources of heterogeneity. After carefully reading the
study, we found that the different reference standards used for LVH diagnosis (echocardiogra-
phy and cardiac MRI) and the inclusion of abstract studies may have been the main cause lead-
ing to the substantial heterogeneity.

From the above, it is still difficult to reach a consensus about the true diagnostic efficacy of
the Peguero-Lo Presti criteria in LVH. Here, we conducted this systematic review and meta-
analysis to assess the accuracy and clinical value of the Peguero-Lo Presti criteria of LVH to
guide clinical practice and pave the way for future research.
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Methods

This meta-analysis was performed following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guideline recommendations (S1 Table).

Search strategy

Two independent investigators (Zongying Yu and Qun Lu) systematically searched electronic
databases (PubMed, Cochrane Library, EMBASE, and Web of Science) for studies that
assessed the Peguero-Lo Presti criteria for the diagnosis of LVH from their inception until
May 18, 2020. Our search terms included “Peguero-Lo Presti” and “left ventricular hypertro-
phy”. Electronic search terms are shown in S2 Table. The article language was restricted to
English. We also checked the references in the retrieved papers to find relevant studies.

Study selection and exclusion

Inclusion criteria: (1) All patients who underwent a 12-lead ECG and a transthoracic echocar-
diogram were included, regardless of their initial admission diagnosis. (2) The reference stan-
dard for the diagnosis of LVH was 2-D echocardiography (M-mode criteria) according to the
American Society of Echocardiography (ASE) [20]. LVH was defined as a left ventricular mass
index (LVMI) >115 g/m” for male subjects and >95 g/m” in female subjects. (3) Studies
should provide the ECG criteria (including the Peguero-Lo Presti criteria, Cornell voltage
index, and Sokolow-Lyon criteria) for the diagnosis of LVH. The Peguero-Lo Presti criteria:
Sp+SV, >2.8 mV for male subjects and Sp+SV, >2.3 mV for female subjects. The Cornell
voltage index: RaVL+SV; >2.8 mV for male subjects,and RaVL+SV; >2.0 mV for female sub-
jects. The Sokolow-Lyon criteria: SV;+RVs/RVg >3.5 mV. (4) Studies should provide suffi-
cient information to calculate the sensitivity and specificity of ECG criteria for diagnosing
LVH.

Exclusion criteria: (1) Review, abstract, case report, expert opinions, letter or editorials. (2)
Animal or cell experiments. (3) Studies involving children or pregnant women. (4) Studies
that did not provide sufficient information. (5) Duplicated publications.

All the studies were reviewed by 2 independent investigators (Jie Song and Li Cheng). Dis-
agreements were resolved through discussion with a third investigator (Dadong Liu).

Data extraction

Two investigators (Qun Lu and Yafeng Zhang) independently extracted data from the
included studies. The data included the study characteristics (e.g., first author, publication
year, sample size, study design and setting), patient characteristics (e.g., age, sex ratio, region,
admitting diagnosis), and the number of true positives (TP), false negatives (FN), false posi-
tives (FP), and true negatives (TN), which were extracted using a predesigned electronic form.
For any key absent information reported in the primary studies, we requested the information
from the authors by e-mail. Studies were excluded if we did not obtain a response from the
authors.

Quality assessment

Two investigators (Xiaoci Lin and Dadong Liu) independently assessed the methodological
quality of each eligible study by the Quality Assessment of Diagnostic Accuracy Studies (QUA-
DAS) tool [21]. This tool included 14 questions involving patient selection, index test, refer-
ence standard, flow and timing.
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Statistical analyses

The data were analyzed using STATA v12.0 and Review Manager 5.3 statistical software by
two investigators (Zongying Yu and Dadong Liu) independently.

TP, FN, FP, and TN were tabulated to calculate the sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), and corresponding confidence interval (CI). The
exact binomial rendition of the bivariate mixed-effects regression model was used to synthesize
data. Based on this model, we calculated the mean logistic sensitivity and specificity with their
standard error and 95% Cls, the between-study variability in logistic sensitivity and specificity,
and the covariance between them. Based on these quantities, we constructed the summary receiver
operating characteristic (SROC) curve for the ECG diagnostic criteria with summary operating
points for sensitivity and specificity on the curves. I” was used to assess the heterogeneity.

Results
Literature search

A total of 51 studies were identified during the initial database search. After removing dupli-
cates, 20 studies were excluded. After the titles and abstracts were reviewed, 22 studies were
excluded for different reasons, leaving 9 studies for careful review of the full text. After care-
fully reviewing the full text, 4 studies were excluded for inappropriate LVH diagnosis criteria
[15, 17,22, 23], leaving 5 studies to be included [12-14, 16, 18]. One study conducted by
Peguero et al. had 2 different cohorts (test and validation cohorts) [12]. In total, we included 6
trials in this study. The information for primary exclusion is presented in Fig 1.

Study characteristics

General characteristics of the included subjects are summarized in Table 1. A total of 13,564
patients (male: 6,389, female: 7,175) were included, and 7,023 (51.82%) patients had hypertension.
The mean age of the included patients ranged from 53.7 to 63.79 years. Three trials reported the
body mass index (BMI) [13, 16, 18]. The mean BMI of the included patients ranged from 24.80 to
31.0 kg/ m?. Four trials reported the body surface area (BSA) [12-14]. The mean BSA of the
included patients ranged from 1.67 to 2.05 m*. According to the echocardiography results, the
prevalence of LVH among studies ranged from 10.44% to 58.62% (mean 20.02%). The included
studies were conducted in Egypt [13], India [14], the USA [12], Italy [18] and China [16].

Characteristics of the included trials are summarized in S3 Table. Two trials were cross-sec-
tional studies [13, 14], and the remaining 4 trials were retrospective studies [12, 16, 18]. Four
trials reported the admitting diagnosis (coronary artery disease [13], hypertension [14], and
cardiovascular disease [12]) of the included patients. The histories of heart disease and medica-
tion are recorded in S4 Table. Three trials reported the history of myocardial infarction
(26.50%, 10.64%, and 9.02%), the rate of coronary artery bypass graft (26.50%,10.64%, and
9.02%), and the rate of percutaneous coronary intervention (76.00%, 8.51%, and 8.20%) [12,
13]. Two trials reported the medication history [12].

Quality of the included trials

The methodological quality of the included studies was high (Fig 2). One study conducted by
Moustafa et al. had a high patient selection bias and high applicability concerns because the
included patients had been divided into 2 different groups (LVH group and no LVH group)
[13]. Other biases (index test, reference standard, flow and timing) of all included studies were
acceptable. All of the included studies had low applicability concerns (index test and reference
standard).
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Fig 1. Flow diagram of the study selection process.

https://doi.org/10.1371/journal.pone.0246305.9001

Summary of findings of the included trials

According to the echocardiography diagnosis results, the accuracies of the 3 ECG criteria for
the diagnosis of LVH are summarized in Table 2.
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Table 1. Characteristics of the included subjects.

Name Publication year | Sample size (n) | Sex ratio (M/F) | Hypertension (%) | Age (years) | BMI (kg/mz) BSA (m?) | LVH ratio (%) Region
Moustafa ' 2019 200 159/41 85 (42.50) 59.80+8.60 31.10+£4.90 2.05+£0.17 83 (41.50) Egypt
Patted ** 2018 400 294/106 400 (100.00) 63.79+10.36 Unclear 1.67+0.10 192 (48.00) India
Peguero'© 12 2017 94 47/47 47 (50.00) 54.00+17.00 Unclear 1.91+027 | 30 (31.91) USA
Peguero”© 12 2017 122 59/63 84 (68.85) 68.00+15.00 Unclear 1.87+0.25 51 (41.80) USA
Ricciardi *® 2020 2,134 1,014/1,120 1,033 (48.41) 69.00+13.00 25.90+4.00 Unclear 1,251 (58.62) Italy
Sun ¢ 2018 10,614 4,816/5,798 5,380 (54.93%) 53.70+10.50 24.80+3.60 Unclear 1,108 (10.44) China

TC: test cohort; VC: validation cohort; BMI: body mass index; BSA: body surface area; LVH: left ventricular hypertrophy.

https://doi.org/10.1371/journal.pone.0246305.t001

Regarding the Peguero-Lo Presti criteria, the sensitivity ranged from 0.42 to 0.70, and the

specificity ranged from 0.75 to 0.91. A pooled analysis of the Peguero-Lo Presti criteria in the
diagnosis of LVH showed that the pooled sensitivity was 0.52 (95% CI 0.46-0.58), the specific-
ity was 0.85 (95% CI 0.79-0.90) (Fig 3A), and the area under the SROC curve (AUC) was 0.69
(95% CI 0.65-0.73) (Fig 3B). Given a pretest probability of 20%, the pooled PLR and NLR of
the Peguero-Lo Presti criteria for the diagnosis of LVH were 4 and 0.56, respectively; the post-
test probability for a positive test result was 47%, and the posttest probability for a negative test
result was 12% (Fig 3C).
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Fig 2. Quality of the included trials. A. Graph of the risk of bias and applicability concerns. B. Summary of the risk of
bias and applicability concerns.

https://doi.org/10.1371/journal.pone.0246305.g002
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Table 2. Accuracy of the ECG criteria for the diagnosis of LVH.

Name Publication year Sensitivity (%) Specificity (%)
Peguero-Lo Presti Cornell voltage Sokolow-Lyon Peguero-Lo Presti Cornell voltage Sokolow-Lyon

Moustafa '? 2019 55.42 32.53 26.51 87.18 97.44 98.29
Patted '* 2018 54.17 39.58 29.17 91.35 89.42 86.54
Peguero”© 12 2017 70.00 40.00 23.33 89.06 90.63 96.88
Peguero"© '? 2017 56.86 31.37 13.73 90.14 92.96 98.59
Ricciardi '® 2020 42.37 31.10 24.78 75.76 88.79 91.62
Sun ¢ 2018 47.11 19.77 23.47 75.41 95.89 88.88

TC: test cohort; VC: validation cohort; LVH: left ventricular hypertrophy.

https://doi.org/10.1371/journal.pone.0246305.t002

Regarding the Cornell voltage index, the sensitivity ranged from 0.20 to 0.40, and the speci-
ficity ranged from 0.89 to 0.97. A pooled analysis of the Cornell voltage index in the diagnosis
of LVH showed that the pooled sensitivity was 0.29 (95% CI 0.23-0.36), the specificity was
0.92 (95% CI 0.89-0.95) (Fig 4A), and the AUC was 0.67 (95% CI 0.62-0.71) (Fig 4B). Given a
pretest probability of 20%, the pooled PLR and NLR of the Cornell voltage index for the diag-
nosis of LVH were 4 and 0.76, respectively; the posttest probability for a positive test result was
49%, and the posttest probability for a negative test result was 16% (Fig 4C).

Regarding the Sokolow-Lyon criteria, the sensitivity ranged from 0.14 to 0.29, and the spec-
ificity ranged from 0.87 to 0.98. A pooled analysis of the Sokolow-Lyon criteria in the diagnosis
of LVH showed that the pooled sensitivity was 0.24 (95% CI 0.21-0.27), the specificity was
0.94 (95% CI 0.88-0.97) (Fig 5A), and the AUC was 0.28 (95% CI 0.25-0.32) (Fig 5B). Given a
pretest probability of 20%, the pooled PLR and NLR of the Sokolow-Lyon criteria for the diag-
nosis of LVH were 4 and 0.81, respectively; the posttest probability for a positive test result was
51%, and the posttest probability for a negative test result was 17% (Fig 5C).

However, substantial heterogeneity existed among the 6 included trials. Due to the same
cutoffs being adopted in all included trials, the proportion of heterogeneity caused by the
threshold effect was small. After carefully reading the full text of the included trials, we found
that 2 trials conducted by Ricciardi et al. [18] and Sun et al. [16] included partly healthy sub-
jects. After removing these 2 trials, the heterogeneity of the remaining 4 trials was small and
acceptable [12-14].

A pooled analysis of the Peguero-Lo Presti criteria in the diagnosis of LVH in the remaining
4 trials showed that the pooled sensitivity was 0.56 (95% CI 0.51-0.61), the specificity was 0.90
(95% CI 0.87-0.92) (Fig 6A), and the AUC was 0.84 (95% CI 0.80-0.87) (Fig 6B). A pooled
analysis of the Cornell voltage index in the diagnosis of LVH in the remaining 4 trials showed
that the pooled sensitivity was 0.36 (95% CI 0.31-0.42), the specificity was 0.93 (95% CI 0.88-
0.96) (Fig 6C), and the AUC was 0.54 (95% CI 0.50-0.58) (Fig 6D). A pooled analysis of the
Cornell voltage index in the diagnosis of LVH in the remaining 4 trials showed that the pooled
sensitivity was 0.24 (95% CI 0.18-0.31), the specificity was 0.97 (95% CI 0.90-0.99) (Fig 6E),
and the AUC was 0.38 (95% CI 0.34-0.42)) (Fig 6F).

Discussion

In the last 3 years, the Peguero-Lo Presti criteria-based ECG diagnostic method for LVH has
attracted increasing attention. Pooled data analysis showed that the Peguero-Lo Presti criteria-
based ECG diagnostic method for diagnosing LVH has a high sensitivity, specificity and diag-
nostic accuracy.
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Fig 3. Peguero-Lo Presti criteria for the diagnosis of LVH. A. Sensitivity and specificity of the Peguero-Lo Presti
criteria for the diagnosis of LVH. B. SROC curve of the Peguero-Lo Presti criteria for the diagnosis of LVH. C. Fagan
nomogram of the Peguero-Lo Presti criteria for the diagnosis of LVH.

https://doi.org/10.1371/journal.pone.0246305.9003

LVH, which is caused by an increase in left ventricular mass, can be estimated by electrical
voltage changes, which can be detected by 12-lead ECG [24-26]. The Cornell voltage index,
which combines the projection of the cardiac cross sectional and frontal planes, can fully
reflect the spatial vector of LVH and is the most commonly used ECG criterion [27-29]. Con-
sistent with the results of previous studies, the results of this study also found that the Cornell
voltage index had generally high specificity (92%) but poor sensitivity (29%). Similar results
were also obtained for the Sokolow-Lyon criteria (specificity 94%, sensitivity 24%), another
commonly used clinical ECG criteria of LVH that reflects the condition of LVH from the hori-
zontal section of the heart [30]. In addition to the amount of myocardium and relative ventric-
ular thickness, there are still many factors (e.g., fibrosis of the myocardium, chest wall
thickness, distance of left ventricular cavity—electrode, individual conduction differences, elec-
trical properties of the body, activity of the lung) that affect electrical voltage changes [17, 31-
33]. All of these factors may lead to the fluctuation in the ECG voltage and attenuate the repro-
ducibility of the ECG examination.

Based on the above theory, to improve the sensitivity of ECG to diagnose LVH, Peguero
et al. proposed the novel Peguero-Lo Presti criteria (Sp+SV,); the Peguero-Lo Presti criteria
have been shown to have a better diagnostic performance, mainly in the sensitivity, than
that in the Cornell voltage index [12]. This advantage has been demonstrated by numerous
individual studies [13-15, 34, 35]. While being recognized as having good diagnostic perfor-
mance by peers, there are many who still doubt the performance of the Peguero-Lo Presti
criteria.
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Fig 4. Cornell voltage index for the diagnosis of LVH. A. Sensitivity and specificity of the Cornell voltage index for
the diagnosis of LVH. B. SROC curve of the Cornell voltage index for the diagnosis of LVH. C. Fagan nomogram of the
Cornell voltage index for the diagnosis of LVH.

https://doi.org/10.1371/journal.pone.0246305.9004

First, this criterion was developed and assessed from 2 cohorts (test and validation cohorts)
in the American population with a relatively small sample size (94 and 122 patients, respec-
tively). Therefore, the representation and reliability of the results are poor. The evidence is that
professor Sun found the Peguero-Lo Presti criteria may not be a good screening tool for LVH
in Asian populations [16]. They found that the diagnostic performance of this criterion was
influenced by relative wall thickness [36]. Another disagreement is that the specificity of the
Peguero-Lo Presti criteria was found to be exceptionally poor in younger persons because it is
age- and sex-dependent [23].

Given these arguments, we conducted this study to test and validate the overall perfor-
mance of this criterion. The pooled data analysis showed that compared with the Cornell volt-
age index, the Peguero-Lo Presti criteria-based ECG diagnostic method for LVH has a high
sensitivity (36% vs 56%) and similar specificity (93% vs 90%). Moreover, the results of our
study demonstrated that the Peguero-Lo Presti criteria have a high diagnostic accuracy
(AUC = 0.84, 95% CI: 0.80-0.87). These results were consistent with the recent meta-analysis
that proved that the Peguero-Lo Presti criteria had better diagnostic performance than the
Cornell voltage index and the Sokolow-Lyon criteria and thus might be more useful in routine
clinical practice as a screening tool for LVH [19]. Thus, measuring the amplitude of the deep-
est S wave (Sp) in ECG leads could improve the diagnostic sensitivity and accuracy of LVH by
ECG.

A Fagan nomogram was adopted to calculate the likelihood ratios and posttest probabilities,
which provide important information about the likelihood that a patient with a positive or
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https://doi.org/10.1371/journal.pone.0246305.9005

negative test actually has LVH or not [37]. In this study, both the likelihood ratio and posttest
probability of the Peguero-Lo Presti criteria and Cornell voltage index were moderate. Given a
pretest probability of 20%, the posttest probability of the Peguero-Lo Presti criteria and Cornell
voltage index were similar.

Study limitations

In this meta-analysis, several limitations should be noted. First, we detected substantial hetero-
geneity caused by primary disease in the included subjects among the included trials. After
removing the 2 trials that included partly healthy subjects, the heterogeneity of the remaining
4 trials, which included subjects with different kinds of cardiac disease, was small and accept-
able. Thus, the results of this study would be limited to the population with different kinds of
cardiac disease. In other words, the Peguero-Lo Presti criteria might not be appropriate as a
screening tool for LVH in community populations.

Second, the reference standard of LVH was defined by LVMI, which was calculated and
estimated by using echocardiography. Although echocardiography has good reproducibility
for the diagnosis of LVH, echocardiography ignores LVH that occurs in the initial stages [38].
Because the LVMI value of this study was >115 g/m” in male subjects and >95 g/m” in female
subjects, we did not include a trial that adopted different LVMI values (>102 g/m” in male
subjects and >88 g/mz) [17]. We also did not include a trial that adopted cardiac magnetic
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https://doi.org/10.1371/journal.pone.0246305.9006

resonance as the reference standard for LVH diagnosis [15]. All of these factors may lead to
different degrees of selection bias.
Third, we included only 6 trials, so a publication bias was not detected in this meta-analysis.
Moreover, half of the included trials had a small sample size (less than 200 patients) [12, 13].
Fourth, we did not collect any unpublished data. Finally, a total of 6 (2.78%) atrial fibrillation
patients were included in 2 trials [12]. This would undoubtedly decrease the accuracy of an
ECG in diagnosing LVH.
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Conclusions

The Peguero-Lo Presti criteria-based ECG diagnostic method for LVH has a high sensitivity,
specificity and diagnostic accuracy and should be applied in clinical practice settings. How-
ever, given these limitations, a large sample size and strict design trials are necessary in further
studies.

Supporting information

S1 Table. PRISMA 2009 checklist.
(DOCX)

S2 Table. Electronic search terms.
(DOCX)

S3 Table. Characteristics of the included trials.
(DOCX)

$4 Table. History of heart disease and medications in the included trials.
(DOCX)

Acknowledgments

All the authors would like to express our greatest appreciation to Professor Xu Wang for his
support during the study and writing of this manuscript.

Author Contributions

Conceptualization: Zongying Yu.

Formal analysis: Zongying Yu, Qun Lu, Dadong Liu.
Investigation: Jie Song, Qun Lu.

Resources: Jie Song, Li Cheng.

Software: Shasha Li, Yafeng Zhang, Xiaoci Lin.
Writing - original draft: Zongying Yu.

Writing - review & editing: Dadong Liu.

References

1. Abdi-Ali A, Miller RJH, Southern D, Zhang M, Mikami Y, Knudtson M, et al. LV Mass Independently Pre-
dicts Mortality and Need for Future Revascularization in Patients Undergoing Diagnostic Coronary Angi-
ography. JACC Cardiovasc Imaging. 2018; 11(3): 423—-433. https://doi.org/10.1016/j.jcmg.2017.04.
012 PMID: 28734928

2. Shenasa M, Shenasa H. Hypertension, left ventricular hypertrophy, and sudden cardiac death. Int J
Cardiol. 2017; 237: 60—63. https://doi.org/10.1016/j.ijcard.2017.03.002 PMID: 28285801

3. PorthanK, Kentta T, Niiranen TJ, Nieminen MS, Oikarinen L, Viitasalo M, et al. ECG left ventricular
hypertrophy as a risk predictor of sudden cardiac death. Int J Cardiol. 2019; 276:125-129. https://doi.
org/10.1016/j.ijcard.2018.09.104 PMID: 30293667

4. Verdecchia P, Angeli F, Borgioni C, Gattobigio R, de Simone G, Devereux RB, et al. Changes in cardio-
vascular risk by reduction of left ventricular mass in hypertension: a meta-analysis. Am J Hypertens.
2003; 16(11 Pt 1): 895-899. https://doi.org/10.1016/s0895-7061(03)01018-5 PMID: 14573325

5. Bacharova L, Ugander M. Left ventricular hypertrophy: The relationship between the electrocardiogram
and cardiovascular magnetic resonance imaging. Ann Noninvasive Electrocardiol. 2014; 19(6): 524—
533. https://doi.org/10.1111/anec.12223 PMID: 25367364

PLOS ONE | https://doi.org/10.1371/journal.pone.0246305 January 29, 2021 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246305.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246305.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246305.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246305.s004
https://doi.org/10.1016/j.jcmg.2017.04.012
https://doi.org/10.1016/j.jcmg.2017.04.012
http://www.ncbi.nlm.nih.gov/pubmed/28734928
https://doi.org/10.1016/j.ijcard.2017.03.002
http://www.ncbi.nlm.nih.gov/pubmed/28285801
https://doi.org/10.1016/j.ijcard.2018.09.104
https://doi.org/10.1016/j.ijcard.2018.09.104
http://www.ncbi.nlm.nih.gov/pubmed/30293667
https://doi.org/10.1016/s0895-7061%2803%2901018-5
http://www.ncbi.nlm.nih.gov/pubmed/14573325
https://doi.org/10.1111/anec.12223
http://www.ncbi.nlm.nih.gov/pubmed/25367364
https://doi.org/10.1371/journal.pone.0246305

PLOS ONE

Peguero-Lo Presti criteria for left ventricular hypertrophy diagnosis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

T L. Observations upon ventricular hypertrophy with special reference to preponderance of one or the
other chamber. Heart. 1914; 5:367-402.

Lu N, Zhu JX, Yang PX, Tan XR. Models for improved diagnosis of left ventricular hypertrophy based on
conventional electrocardiographic criteria. BMC Cardiovasc Disord. 2017; 17(1): 217. https://doi.org/
10.1186/s12872-017-0637-8 PMID: 28789616

Sokolow M, Lyon TP. The ventricular complex in left ventricular hypertrophy as obtained by unipolar
precordial and limb leads. Am Heart J. 1949; 37(2): 161-186. https://doi.org/10.1016/0002-8703(49)
90562-1 PMID: 18107386

Casale PN, Devereux RB, Kligfield P, Eisenberg RR, Miller DH, Chaudhary BS, et al. Electrocar-
diographic detection of left ventricular hypertrophy: development and prospective validation of improved
criteria. J Am Coll Cardiol. 1985; 6(3): 572-580. https://doi.org/10.1016/s0735-1097(85)80115-7
PMID: 3161926

Barrios V, Escobar C, Calderon A, Ribas L, Marti D, Asin E. Prevalence of left ventricular hypertrophy
detected by Cornell voltage-duration product in a hypertensive population. Blood Press. 2008; 17(2):
110-115. https://doi.org/10.1080/08037050802059092 PMID: 18568700

Betjeman TJ, Rigales L, Hoffman I. Electrocardiographic Criteria for the Diagnosis of Left Ventricular
Hypertrophy. J Am Coll Cardiol. 2017; 70(14): 1829-1831. https://doi.org/10.1016/j.jacc.2017.05.085
PMID: 28958340

Peguero JG, Lo Presti S, Perez J, Issa O, Brenes JC, Tolentino A. Electrocardiographic Criteria for the
Diagnosis of Left Ventricular Hypertrophy. J Am Coll Cardiol. 2017; 69(13): 1694—1703. https://doi.org/
10.1016/j.jacc.2017.01.037 PMID: 28359515

Moustafa MM, Shredah AAR, Marghany KA, Zakaria AYS. Electrocardiography versus Echocardiogra-
phy for assessment of left ventricular hypertrophy in ischemic heart disease patients with and without
cardiovascular risk factors. The Egyptian Journal of Hospital Medicine 2019; 74(5): 1165-1173

Patted SV, Porwal SC, S Ambar S, Prasad MR, Chincholi AS, Hesarur V, et al. Assessment of Peguero
Lo-Presti Criteria for Electrocardiographic Diagnosis of LVH in Indian Subjects. Cardiology and Cardio-
vascular Medicine. 2018; 02(03): 65—73. https://doi.org/10.26502/fccm.92920037

Guerreiro C, Azevedo P, Ladeiras-Lopes R, Ferreira N, Barbosa AR, Faria R, et al. Peguero-Lo Presti
criteria for diagnosis of left ventricular hypertrophy: a cardiac magnetic resonance validation study. J
Cardiovasc Med (Hagerstown). 2020; 21(6): 437—443. https://doi.org/10.2459/JCM.
0000000000000964 PMID: 32251077

Sun GZ, Wang HY, Ye N, Sun YX. Assessment of Novel Peguero-Lo Presti Electrocardiographic Left
Ventricular Hypertrophy Criteria in a Large Asian Population: Newer May Not Be Better. Can J Cardiol.
2018; 34(9): 1153—-1157. https://doi.org/10.1016/j.cjca.2018.05.013 PMID: 30170670

Snelder SM, van de Poll SWE, de Groot-de Laat LE, Kardys I, Zijlstra F, van Dalen BM. Optimized elec-
trocardiographic criteria for the detection of left ventricular hypertrophy in obesity patients. Clin Cardiol.
2020. https://doi.org/10.1002/clc.23333 PMID: 31990994

Ricciardi D, Vetta G, Nenna A, Picarelli F, Creta A, Segreti A, et al. Current diagnostic ECG criteria for
left ventricular hypertrophy: is it time to change paradigm in the analysis of data? Journal of Cardiovas-
cular Medicine. 2020; 21(2): 128—1383. https://doi.org/10.2459/JCM.0000000000000907 PMID:
31815851

Noubiap JJ, Agbaedeng TA, Nyaga UF, Nkoke C, Jingi AM. A meta-analytic evaluation of the diagnostic
accuracy of the electrocardiographic Peguero-Lo Presti criterion for left ventricular hypertrophy. J Clin
Hypertens (Greenwich). 2020. https://doi.org/10.1111/jch.13923 PMID: 32608577

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for car-
diac chamber quantification by echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging. 2015; 16(3): 233-270. https://doi.org/10.1093/ehjci/jev014 PMID: 25712077

Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of QUADAS: a tool for
the quality assessment of studies of diagnostic accuracy included in systematic reviews. BMC Med Res
Methodol. 2003; 3(25. https://doi.org/10.1186/1471-2288-3-25 PMID: 14606960

Shao Q, Meng L, Tse G, Sawant AC, Zhuo Yi Chan C, Bazoukis G, et al. Newly proposed electrocar-
diographic criteria for the diagnosis of left ventricular hypertrophy in a Chinese population. Ann Noninva-
sive Electrocardiol. 2019; 24(2): e12602. https://doi.org/10.1111/anec.12602 PMID: 30281188

Clark E, Macfarlane P. Specificity of New Diagnostic Criteria for Left Ventricular Hypertrophy. 2017; 44
https://doi.org/10.22489/CinC.2017.013—-116

Wang JJ, Pahim O, Warren JW, Sapp JL, Horacek BM. Criteria for ECG detection of acute myocardial
ischemia: Sensitivity versus specificity. J Electrocardiol. 2018; 51(6S): S12—S17. https://doi.org/10.
1016/j.jelectrocard.2018.08.018 PMID: 30177366

PLOS ONE | https://doi.org/10.1371/journal.pone.0246305 January 29, 2021 13/14


https://doi.org/10.1186/s12872-017-0637-8
https://doi.org/10.1186/s12872-017-0637-8
http://www.ncbi.nlm.nih.gov/pubmed/28789616
https://doi.org/10.1016/0002-8703%2849%2990562-1
https://doi.org/10.1016/0002-8703%2849%2990562-1
http://www.ncbi.nlm.nih.gov/pubmed/18107386
https://doi.org/10.1016/s0735-1097%2885%2980115-7
http://www.ncbi.nlm.nih.gov/pubmed/3161926
https://doi.org/10.1080/08037050802059092
http://www.ncbi.nlm.nih.gov/pubmed/18568700
https://doi.org/10.1016/j.jacc.2017.05.085
http://www.ncbi.nlm.nih.gov/pubmed/28958340
https://doi.org/10.1016/j.jacc.2017.01.037
https://doi.org/10.1016/j.jacc.2017.01.037
http://www.ncbi.nlm.nih.gov/pubmed/28359515
https://doi.org/10.26502/fccm.92920037
https://doi.org/10.2459/JCM.0000000000000964
https://doi.org/10.2459/JCM.0000000000000964
http://www.ncbi.nlm.nih.gov/pubmed/32251077
https://doi.org/10.1016/j.cjca.2018.05.013
http://www.ncbi.nlm.nih.gov/pubmed/30170670
https://doi.org/10.1002/clc.23333
http://www.ncbi.nlm.nih.gov/pubmed/31990994
https://doi.org/10.2459/JCM.0000000000000907
http://www.ncbi.nlm.nih.gov/pubmed/31815851
https://doi.org/10.1111/jch.13923
http://www.ncbi.nlm.nih.gov/pubmed/32608577
https://doi.org/10.1093/ehjci/jev014
http://www.ncbi.nlm.nih.gov/pubmed/25712077
https://doi.org/10.1186/1471-2288-3-25
http://www.ncbi.nlm.nih.gov/pubmed/14606960
https://doi.org/10.1111/anec.12602
http://www.ncbi.nlm.nih.gov/pubmed/30281188
https://doi.org/10.22489/CinC.2017.013%26%23x2013%3B116
https://doi.org/10.1016/j.jelectrocard.2018.08.018
https://doi.org/10.1016/j.jelectrocard.2018.08.018
http://www.ncbi.nlm.nih.gov/pubmed/30177366
https://doi.org/10.1371/journal.pone.0246305

PLOS ONE

Peguero-Lo Presti criteria for left ventricular hypertrophy diagnosis

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bratincsak A, Williams M, Kimata C, Perry JC. The Electrocardiogram Is a Poor Diagnostic Tool to
Detect Left Ventricular Hypertrophy in Children: A Comparison with Echocardiographic Assessment of
Left Ventricular Mass. Congenit Heart Dis. 2015; 10(4): E164—171. https://doi.org/10.1111/chd.12249
PMID: 25600360

Carlsson MB, Tragardh E, Engblom H, Hedstrom E, Wagner G, Pahim O, et al. Left ventricular mass by
12-lead electrocardiogram in healthy subjects: comparison to cardiac magnetic resonance imaging. J
Electrocardiol. 2006; 39(1): 67—72. https://doi.org/10.1016/j.jelectrocard.2005.07.005 PMID: 16387055

Schillaci G, Verdecchia P, Borgioni C, Ciucci A, Guerrieri M, Zampi |, et al. Improved electrocar-
diographic diagnosis of left ventricular hypertrophy. Am J Cardiol. 1994; 74(7): 714-719. hitps://doi.
org/10.1016/0002-9149(94)90316-6 PMID: 7942532

Rodrigues SL, D’Angelo L, Pereira AC, Krieger JE, Mill JG. Revision of the Sokolow-Lyon-Rappaport
and cornell voltage criteria for left ventricular hypertrophy. Arq Bras Cardiol. 2008; 90(1): 46-53. https://
doi.org/10.1590/s0066-782x2008000100008 PMID: 18317640

Ishikawa J, Ishikawa S, Kario K, Jichi Medical School Cohort Study Investigators G. Levels of cornell
voltage and cornell product for predicting cardiovascular and stroke mortality and morbidity in the gen-
eral Japanese population. Circ J. 2014; 78(2): 465—-475. https://doi.org/10.1253/circj.cj-13-0470 PMID:
24284883

Devereux RB, Palmieri V, Liu JE, Wachtell K, Bella JN, Boman K, et al. Progressive hypertrophy regres-
sion with sustained pressure reduction in hypertension: the Losartan Intervention For Endpoint Reduc-
tion study. J Hypertens. 2002; 20(7): 1445—-1450. https://doi.org/10.1097/00004872-200207000-00033
PMID: 12131543

Braunstein ED, Croft LB, Halperin JL, Liao SL. Improved scoring system for the electrocardiographic
diagnosis of left ventricular hypertrophy. World J Cardiol. 2019; 11(3): 94-102. https://doi.org/10.4330/
wjc.v11.i3.94 PMID: 31040932

Casale PN, Devereux RB, Alonso DR, Campo E, Kligfield P. Improved sex-specific criteria of left ven-
tricular hypertrophy for clinical and computer interpretation of electrocardiograms: validation with
autopsy findings. Circulation. 1987; 75(3): 565-572. https://doi.org/10.1161/01.cir.75.3.565 PMID:
2949887

Angeli F, Verdecchia P, Angeli E, Poeta F, Sardone M, Bentivoglio M, et al. Day-to-day variability of
electrocardiographic diagnosis of left ventricular hypertrophy in hypertensive patients. Influence of elec-
trode placement. J Cardiovasc Med (Hagerstown). 2006; 7(11): 812—816. https://doi.org/10.2459/01.
JCM.0000250869.78777.09 PMID: 17060807

Sampaio Rodrigues T., Azraai M., Crosthwaite A., Patel S., Farouque O., Ramchand J., et al. The
Peguero-Lo Presti Criteria Improve the Sensitivity of the Electrocardiogram to Diagnose Left Ventricular
Hypertrophy in Patients with End-Stage Kidney Disease. Heart, Lung and Circulation. 2019; 28(4):
438-438

Ramchand Jay, Rodrigues Thalys Sampaio Kearney Leighton G., Patel Sheila K, Srivastava Piyush M.,
Burrell LM. The Peguero-Lo Presti Electrocardiographic Criteria Predict All-Cause Mortality in Patients
With Aortic Stenosis. J Am Coll Cardiol. 2017; 70(14): 1831-1832 https://doi.org/10.1016/j.jacc.2017.
05.084 PMID: 28958341

Ye N, Sun GZ, Zhou Y, Wu SJ, Sun YX. Influence of relative wall thickness on electrocardiographic volt-
age measures in left ventricular hypertrophy: a novel factor contributing to poor diagnostic accuracy.
Postgrad Med. 2020; 132(2): 141-147. https://doi.org/10.1080/00325481.2019.1702799 PMID:
31900004

Wacker Christina, Prkno Anna, Brunkhorst Frank M, Schlattmann P. Procalcitonin as a diagnostic
marker for sepsis: a systematic review and meta-analysis. Lancet. 2013; 3099(12): 70323-70327
https://doi.org/10.1016/S1473-3099(12)70323-7 PMID: 23375419

Narayanan K, Reinier K, Teodorescu C, Uy-Evanado A, Chugh H, Gunson K; et al. Electrocardiographic
versus echocardiographic left ventricular hypertrophy and sudden cardiac arrest in the community.
Heart Rhythm. 2014; 11(6): 1040—-1046. https://doi.org/10.1016/j.hrthm.2014.03.023 PMID: 24657425

PLOS ONE | https://doi.org/10.1371/journal.pone.0246305 January 29, 2021 14/14


https://doi.org/10.1111/chd.12249
http://www.ncbi.nlm.nih.gov/pubmed/25600360
https://doi.org/10.1016/j.jelectrocard.2005.07.005
http://www.ncbi.nlm.nih.gov/pubmed/16387055
https://doi.org/10.1016/0002-9149%2894%2990316-6
https://doi.org/10.1016/0002-9149%2894%2990316-6
http://www.ncbi.nlm.nih.gov/pubmed/7942532
https://doi.org/10.1590/s0066-782x2008000100008
https://doi.org/10.1590/s0066-782x2008000100008
http://www.ncbi.nlm.nih.gov/pubmed/18317640
https://doi.org/10.1253/circj.cj-13-0470
http://www.ncbi.nlm.nih.gov/pubmed/24284883
https://doi.org/10.1097/00004872-200207000-00033
http://www.ncbi.nlm.nih.gov/pubmed/12131543
https://doi.org/10.4330/wjc.v11.i3.94
https://doi.org/10.4330/wjc.v11.i3.94
http://www.ncbi.nlm.nih.gov/pubmed/31040932
https://doi.org/10.1161/01.cir.75.3.565
http://www.ncbi.nlm.nih.gov/pubmed/2949887
https://doi.org/10.2459/01.JCM.0000250869.78777.09
https://doi.org/10.2459/01.JCM.0000250869.78777.09
http://www.ncbi.nlm.nih.gov/pubmed/17060807
https://doi.org/10.1016/j.jacc.2017.05.084
https://doi.org/10.1016/j.jacc.2017.05.084
http://www.ncbi.nlm.nih.gov/pubmed/28958341
https://doi.org/10.1080/00325481.2019.1702799
http://www.ncbi.nlm.nih.gov/pubmed/31900004
https://doi.org/10.1016/S1473-3099%2812%2970323-7
http://www.ncbi.nlm.nih.gov/pubmed/23375419
https://doi.org/10.1016/j.hrthm.2014.03.023
http://www.ncbi.nlm.nih.gov/pubmed/24657425
https://doi.org/10.1371/journal.pone.0246305

