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1 | INTRODUCTION

| Thomas A. Agbaedeng PhD!® |
| Ahmadou M. Jingi MD?

Abstract

Although electrocardiography (ECG) is a cost-effective and convenient tool for
routine screening of left ventricular hypertrophy (LVH), its performance has been
shown to be poor. The Peguero-Lo Presti, a novel voltage criterion, was found to be
potentially better than the most commonly used criteria. We conducted a system-
atic review and meta-analysis of its diagnostic accuracy compared to Cornell and
Sokolow-Lyon voltage criteria. Bibliographic databases were searched to identify rel-
evant articles. Pooled sensitivity, specificity, diagnostic odds ratio (DOR), and sum-
mary receiver operating characteristic (ROC) curves were performed for comparison.
Ten studies reporting data from 5984 individuals were included in the meta-analysis.
Peguero-Lo Presti had the highest pooled sensitivity (43.0%, 95% confidence inter-
val [Cl]: 30.2-56.9) followed by Cornell (26.1%; 95% Cl: 16.9-37.9) and Sokolow Lyon
(22.0%; 95% Cl: 14.1-32.7). However, Peguero-Lo Presti had the lesser pooled speci-
ficity (90.5%; 95% Cl: 86.3-93.5) and Cornell the highest (94.9%; 95% Cl: 90.3-97.3).
The pooled DOR was 6.63 (95% Cl: 3.95-11.13), 5.50 (95% Cl: 3.64-8.30), and 2.94
(95% Cl: 2.20-3.92) for Peguero-Lo Presti, Cornell, and Sokolow-Lyon, respectively.
Peguero-Lo Presti had the best accuracy according to summary ROC curves, with an
area under the curve of 0.827 compared to 0.715 for Cornell, and 0.623 for Sokolow-
Lyon. In conclusion, according to this meta-analysis, Peguero-Lo Presti has a better
diagnostic performance than Cornell and Sokolow-Lyon and might be more useful in

routine clinical practice as a screening tool for LVH.

convenient tool in routine clinical practice for the screening of LVH,

which could be further assessed by cardiac imaging including echo-

Left ventricular hypertrophy (LVH) is a marker of subclinical cardiac
disease, and modifiable predictor of incident cardiovascular disease
and mortality.""? Early and appropriate treatment can reverse LVH
and its adverse clinical outcomes.® Therefore, early detection of LVH
is a key component of primary and secondary cardiovascular pre-

vention. Electrocardiography (ECG) is the most cost-effective and

cardiography or cardiac MRI4

More than 30 ECG criteria have been developed for the screen-
ing of LVH and are endorsed by the American Heart Association.*
However, all these criteria have low sensitivity, even despite im-
provement after adjustment for some extracardiac factors such as

age and body habitus.>® In 2017, Peguero and Lo-Presti proposed
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a novel ECG voltage criterion for ECG screening of LVH. They
showed that their proposed criterion has better diagnostic accu-
racy than the Cornell and Sokolow-Lyon indices which were the
most commonly used criteria.” However, following the release
of the Peguero-Lo Presti criterion, several studies evaluating its
performance in various populations have been published, show-
ing conflicting results.8° Hence, we conducted a systematic re-
view and meta-analysis of diagnostic accuracy studies comparing
the Peguero-Lo Presti to the Cornell and Sokolow-Lyon voltage

criteria.

2 | METHODS

This review was conducted and is reported in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-analyses guidelines.!! No protocol was published for this

review.

2.1 | Literature search

A systematic search in PubMed/MEDLINE, Excerpta Medica
Database (EMBASE), and Google Scholar was performed to identify
relevant studies published from inception through January 1, 2020,

without language restriction. To have the highest sensitivity, the

TABLE 1 Characteristics of prevalence studies

search strategy was only on the term “Peguero-Lo Presti” and po-
tential variants, such as “Peguero Lo-Presti” and “Peguero Lo Presti,”
without any other combination. The reference lists of all eligible ar-
ticles and relevant reviews were reviewed to identify potential ad-

ditional data sources.

2.2 | Selection of studies to include in the review

We included all studies, irrespective of the study design, reporting
data on the sensitivity and specificity of the Peguero-Lo Presti crite-
ria compared to the Cornell and Sokolow-Lyon voltage criteria for the
ECG diagnosis of LVH, or enough data to compute these estimates.
These studies had to have used either echocardiography (or cardiac
MRI) as the reference standard, with echocardiographic LVH defined
as a left ventricular mass index (to body surface area) >115 g/m? in
male subjects and >95 g/m? in female subjects.!? We excluded studies
for which we could not obtain raw data to calculate the sensitivity and
specificity of the ECG criteria of interest, from both the published arti-
cle and by contacting the authors. We included abstracts from confer-
ence proceedings if they had the required information.

Two investigators (JJN and UFN) independently screened the
titles and abstracts of all retrieved records, then the full texts to de-
termine eligibility according to the abovementioned selection crite-
ria, and consensually retained studies to be included. Disagreements
were solved through a discussion.

Year of Patients

First author publication Country Design Population included Male (%)

Keskin 2019 Turkey Prospective Patients referred for echocardiography 767 427

Rodrigues 2019 Australia Prospective Patients with end-stage kidney disease 33 Not reported

Moustafa 2019 Egypt Prospective Patients referred for echocardiography 200 79.5

Ricciardi 2019 Italy Retrospective Patients who had echocardiography and 2134 48
ECG

Sparapani 2019 USA Prospective Participants from a population-based 940 46.6
study who had ECG and cardiac MRI data

Azevedo 2019 Portugal Retrospective Patients with hypertrophic 88 63
cardiomyopathy

Narita 2019 Japan Retrospective Participants in a population-based study 866 37

Patted 2018 India Prospective Hypertensive patients who had 400 73.5
echocardiography and ECG

Shao 2018 China Prospective Hospitalized hypertensive patients 235 494

Lim 2018 Australia Retrospective Patients who had echocardiography and 144 59
ECG

Rodrigues 2018 Australia Prospective Patients with type 2 diabetes 88 64

Sun 2018 China Prospective Participants in a population-based study 10 614 45.4

Peguero 2017 USA Prospective Patients referred for echocardiography 216 49.1

Ramchand 2017 Australia Prospective Patients with aortic stenosis 138 61

Abbreviation: NR, not reported.
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2.3 | Data extraction and management

Data were extracted by one investigator (JJN) and cross-checked by
another investigator (UFN). These data included the following: name of
the first author, year of publication, study design, country, total number
of participants, mean or median age, proportion of males, and number
of true positives, true negatives, false positives, and false negatives with
respect to the each index criterion (Peguero-Lo Presti, Sokolow-Lyon,
and Cornell) and the reference standard (echocardiography or cardiac
MRI). For articles in which the true positives, true negatives, false posi-
tives, and false negatives were not provided, we requested them from
the authors or derived them from the information available in the article.

The Peguero-Lo Presti criterion is defined as the summation of
the amplitude of the deepest S wave in any lead (SD) with the S wave
in lead V4 (SV4), with a cutoff of 22.8 mV in males and 22.3 mV in
females.” Sokolow-Lyon voltage is obtained by adding the amplitude
of Sin V1 and the amplitude of Rin V5 or V6 (SV1 + RV5 or RVé) with
a cutoff of >3.5 mV, while the Cornell is computed as the amplitude
of Rin aVL plus the amplitude of S or QS complex in V3 (RaVL + SV3)
with a cutoff of >2.8 mV in males and >2.0 mV in females.*

We used the Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) to assess the risk of bias in included studies.™®
Two investigators (JJN and UFN) independently ran the assessment.
Discrepancies were discussed and resolved by these investigators
through discussion and consensus.

WILEY-—7

2.4 | Statistical analysis

We extracted the number of patients who were true positive (TP),
false positive (FP), true negative (TN), and false negative (FN) for
LVH, respectively. Where some of these data were missing, we
calculated them from the specificity, sensitivity, and sample size
provided by the included studies, according to the 2 x 2 table.*#*®
We performed descriptive statistics for sensitivity, specificity,
and diagnostic odds ratio (DOR), as well as positive and negative
likelihood ratios (LR+, LR-). Both pooled sensitivity and specific-
ity were computed by the univariate analysis model using the
metaprop function of meta package (R version 3.5.3, R Core Team).
This function uses the number of events (TP or TN) and samples
(TP + FN or TN + FP) and uses the Restricted Estimator of Maximum
Likelihood method. DOR was computed using the metabin func-
tion of meta in R. Results were summarized in the forms of for-
est plots. To obtain a summary receiver operator characteristic
(SROC) curve, we used the bivariate linear mixed model approach
in mada package in R.}® We used the reitsma function of mada to
compute logit-transformations of pairs of sensitivity and false-
positive rate (1-specificity), before plotting the results as a ROC
curve. We also computed the overall area under the SROC curve
(AUC). The heterogeneity of included studies was evaluated by the
Higgins' I?-statistic.!” Statistical significance was defined as a two-
tailed P-value < .05.

Sensitivity (%) Specificity (%)
Mean Patients with  Peguero-Lo Peguero-Lo Sokolow-
age (y) Reference standard  LVH (%) Presti Cornell Sokolow-Lyon Presti Cornell Lyon
51.9 Echocardiography 154 (20.1) 17.5 9.7 3.9 94.4 98.2 97.5
49 Echocardiography 11 (33.3) 55.0 46.0 18.0 NR NR NR
and cardiac MRI

59.8 Echocardiography 83 (41.5) 55.4 32.5 26.5 92.3 97.4 82.9
69 Echocardiography 1251 (58.6) 41.1 36.7 24.7 78.3 85.5 91.6
61.0 Cardiac MRI 69 (7.3) 14.5 5.8 21.7 93.8 97.2 94.1
56.7 Cardiac MRI 34 (38.6) 58.8 38.2 41.2 96.3 98.1 94.4
57 Echocardiography 156 (18.0) 20.5 11.5 14.7 94.1 99.0 94.2
63.8 Echocardiography 192 (48) 54.2 39.6 29.2 91.3 89.4 86.5
65.3 Echocardiography 116 (49.4) 73.3 56.0 57.8 75.6 84.9 58.0
74 Echocardiography 16.0 7.6 4.2 NR NR NR
68 Echocardiography 26 (29) 15.3 7.7 3.8 NR NR NR
53.7 Echocardiography NR NR NR NR NR NR NR
61.9 Echocardiography 81 (37.5) 61.7 34.6 17.3 90.4 91.8 97.8
74 Echocardiography 81 (58.7) 49.4 259 13.6 84.2 82.5 93.0
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Sensitivity FIGURE 1 Forest plqt of sensitivities
Author and Year (%) [95% CI] of the Peguero-LFJ P.restl, Cornell, and
Sokolow-Lyon criteria
Peguero-Lo Presti
Azevedo 2019 58.82 — > [40.70; 75.35]
Keskin 2019 1758 ——— [11.88; 24.47]
Moustafa 2019 55.42 —+—— [44.10; 66.34]
Narita 2019 2051 ——: [14.47; 27.71]
Patted 2018 54.17 —_— [46.84; 61.36]
Peguero 2017 61.73 ——> [50.26; 72.31]
Ramchand 2017 49.38 ; — [38.08; 60.73]
Ricciardi 2019 41.09 .3 [38.34; 43.87]
Shao 2018 73.28 : —> [64.26; 81.07]
Sparapani 2019 14.49 <-— [7.17; 25.04]
—— i ———
Cornell
Azevedo 2019 38.24 § [22.17; 56.44]
Keskin 2019 9.74 «— [ 5.55; 15.56]
Moustafa 2019 32.53 —— [22.65; 43.70]
Narita 2019 11.54 «— [6.98; 17.62]
Patted 2018 39.58 Do [32.62; 46.88]
Peguero 2017 34.57 —_ [24.34; 45.96]
Ramchand 2017 2593 —F— [16.82; 36.86]
Ricciardi 2019 36.69 3 [34.01; 39.43]
Shao 2018 56.03 ——— [46.52; 65.24]
Sparapani 2019 5.80 <« [1.60; 14.18]
Q:-
Sokolow-Lyon
Azevedo 2019 41.18 : [24.65; 59.30]
Keskin 2019 3.90 < [1.44; 8.29]
Moustafa 2019 26.51 —B— [17.42; 37.34]
Narita 2019 14.74 «<—+— [9.58;21.30]
Patted 2018 29.17 —aa [22.84; 36.14]
Peguero 2017 17.28 «——+— [9.78; 27.30]
Ramchand 2017 13.58 <+— [ 6.98; 23.00]
Ricciardi 2019 24.70 B [22.33; 27.19]
Shao 2018 57.76 ——— [48.24; 66.87]
Sparapani 2019 2174 —+— [12.71; 33.31]
| | T | | |
10 20 30 40 50 60 70
2.5 | Ethical approval 3 | RESULTS

This study is a systematic review and meta-analysis using published
data. No data were collected directly from patients. Therefore, an

ethical approval is not needed.

2.6 | Patient and Public involvement

As this is not a primary research, patients and the public were not

involved.

3.1 | Studies selection and characteristics

In total, we identified 128 records among which 10 studies reporting
data from 5984 individuals were finally included in the meta-analysis
(Figure 51).7210182% additionally, four studies were included for a
narrative summary only, as they did not provide enough data for
inclusion in the meta-analysis.®?>?” Study characteristics are sum-
marized in Table 1 and Table S1. All the included studies had a low
risk of bias (Figure S2). Eight studies used echocardiography as the
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FIGURE 2 Forest plot of specificities Specificity
of the Peguero-Lo Presti, Cornell, and Author and Year (%) [95%~Cl]
Sokolow-Lyon criteria
Peguero-Lo Presti :
Azevedo 2019 96.30 : [87.25; 99.55]
Keskin 2019 94.45 — [92.34; 96.13]
Moustafa 2019 92.31 . [85.90; 96.42]
Narita 2019 94.08 —5— [92.09; 95.70]
Patted 2018 91.35 : [86.67; 94.79]
Peguero 2017 90.37 : [84.10; 94.77]
Ramchand 2017 8421 «— [72.13; 92.52]
Ricciardi 2019 78.26 < : [75.39; 80.94]
Shao 2018 75.63 < [66.91; 83.03]
Sparapani 2019 93.80 — [91.99; 95.31]
—e
Cornell :
Azevedo 2019 98.15 § [90.11; 99.95]
Keskin 2019 98.21 —> [96.81; 99.10]
Moustafa 2019 97.44 ——> [92.69; 99.47]
Narita 2019 99.01 § — [97.98; 99.60]
Patted 2018 89.42 : [84.42; 93.25]
Peguero 2017 91.85 : [85.89; 95.86]
Ramchand 2017 8246 «—— [70.09; 91.25]
Ricciardi 2019 85.50 «— [83.01; 87.76]
Shao 2018 8487 «— [77.15;90.78]
Sparapani 2019 97.24 —+— [95.98,; 98.23]
———
Sokolow-Lyon ¢
Azevedo 2019 94.44 § [84.61; 98.84]
Keskin 2019 97.55 —+— [96.00; 98.62]
Moustafa 2019 8291 «— [74.84; 89.23]
Narita 2019 94.23 —a [92.25; 95.82]
Patted 2018 86.54 «—+——— [81.14; 90.86]
Peguero 2017 97.78 . —————— [93.64; 99.54]
Ramchand 2017 92.98 : [83.00; 98.05]
Ricciardi 2019 91.62 — [89.59; 93.36]
Shao 2018 57.98 < [48.59; 66.97]
Sparapani 2019 94.14 L [92.37; 95.61]
— T
1 T 1T T T 1
86 88 90 92 94 96 98

reference standard for the diagnosis of LVH, while two studies used
cardiac MRI. Six of these studies were conducted mostly in people
with European ancestry, with one study each done participants of

Chinese, Indian, Japanese, and Arab ancestries, respectively.

3.2 | Meta-analytic comparisons between criteria

Ten articles reporting on the accuracies of Peguero-Lo Presti,
Cornell, and Sokolow-Lyon criteria for the diagnosis of LVH were
included in our pooled analyses. For Peguero-Lo Presti, there were
a total of 1410 cases of LVH (928 TP and 402 FP) out of a total of

5984 (23.6%) patients. The sensitivity ranged from 14.5% to 73.3%
(pooled sensitivity: 43.1%; 95% confidence interval [Cl]: 30.2-56.9)
(Figure 1). The specificity ranged from 75.6% to 96.3% (pooled speci-
ficity: 90.5%; 95% Cl: 86.3-93.5) (Figure 2). Also, DOR ranged from
2.51 to 37.14 (pooled DOR: 6.63; 95% Cl: 3.95-11.13) (Figure 3).
For Cornell, there was a total of 961 cases of LVH (16.1%, 726 were
TP's, 235 were FP's). The sensitivity ranged from 5.8% to 56.0%
(pooled sensitivity: 26.1%; 95% Cl: 16.9-37.9) (Figure 1). The speci-
ficity ranged from 82.5% to 99.0% (pooled specificity: 94.9%; 95%
Cl: 90.3-97.3) (Figure 2). Also, the DOR ranged from 1.64 to 32.81
(pooled DOR: 5.50; 95% CI: 3.64-8.30) (Figure 3), indicating that the

discriminatory ability of Peguero-Lo Presti was comparatively good.
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Author and Year OR [95% CI] FIGURE 3 Forest plot of diagnostic
_ odds rations of the Peguero-Lo Presti,

Peguero-Lo Presti g Cornell, and Sokolow-Lyon criteria
Azevedo 2019 37.14 L ———> [7.74;178.31]
Keskin 2019 3.62 = [2.11; 6.22]
Moustafa 2019 14.92 P —a— [6.66; 33.40]
Narita 2019 410 —— [2.49; 6.76]
Patted 2018 12.47 e [7.12; 21.85]
Peguero 2017 15.14 P —— [7.32; 31.30]
Ramchand 2017 5.20 —— [2.26; 11.99]
Ricciardi 2019 2.51 § [2.06; 3.05]
Shao 2018 8.51 — [4.73; 15.30]
Sparapani 2019 2.56 —— [1.24; 5.29]
Cornell ;
Azevedo 2019 32.81 — > [4.03; 266.80]
Keskin 2019 5.91 —a— [2.65; 13.14]
Moustafa 2019 18.32 —+——  [5.33; 62.99]
Narita 2019 13.10 —a— [6.37; 31.96]
Patted 2018 5.54 = [3.27; 9.39]
Peguero 2017 5.96 —=— [2.76; 12.84]
Ramchand 2017 1.64 ——: [0.71; 3.83]
Ricciardi 2019 3.42 [2.74; 4.26]
Shao 2018 7.15 - [3.84; 13.31]
Sparapani 2019 217 B [0.73; 6.45]
Sokolow-Lyon
Azevedo 2019 11.90 —a— [3.09; 45.90]
Keskin 2019 1.62 —i— [0.62; 4.24]
Moustafa 2019 1.75 T [0.88; 3.47]
Narita 2019 2.82 - [1.64; 4.86]
Patted 2018 2.65 —_ [1.60; 4.39]
Peguero 2017 9.19 —— [2.55; 33.11]
Ramchand 2017 2.08 1 [0.63; 6.90]
Ricciardi 2019 3.59 = [2.74; 4.70]
Shao 2018 1.89 - [1.12; 3.17]
Sparapani 2019 4.47 — [2.36; 8.45]

%

T | — |
0.05 051 2 10 100
Diagnostic Odds Ratio

For Sokolow-Lyon, there was a total of 961 cases of LVH (16.1%,
726 were TP's, 235 were FP's). The sensitivity ranged from 3.9% to
57.8% (pooled sensitivity: 22.0%; 95% Cl: 14.1-32.7) (Figure 1). The
specificity ranged from 58.0% to 97.8% (pooled specificity: 92.1%,;
95% Cl: 86.2-95.6) (Figure 2). Also, the DOR ranged from 1.62 to
11.90 (pooled DOR: 2.94; 95% Cl: 2.2-3.92) (Figure 3). As shown in
Figure 4, the summary ROC curve for Peguero-Lo Presti was the

closest to the top left corner, indicating the best accuracy. This

was well supported by the AUC's, which was 0.827 for Peguero-Lo
Presti, 0.715 for Cornell, and 0.623 for Sokolow-Lyon (Figure 4).

3.3 | Additional data

Among the four articles which could not be included in the meta-

analysis due to limited data, three of them from Australia, reported
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Summary ROC Curve for Diagnostic Test of Accuracy
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Specificity: 90.49
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T T T T
0.4 0.6 0.8 1.0
False Positive Rate (1-Specificity)

FIGURE 4 Summary receiver operating characteristic curves
and areas under the curves for the Peguero-Lo Presti, Cornell, and
Sokolow-Lyon criteria

only precise sensitivity data for each criterion. A study done among
88 patients with type 2 diabetes showed that Peguero-Lo Presti had
a better sensitivity of 15.3% (95% Cl: 6-33), compared to Cornell
criteria (7.7%; 95 Cl: 2-24) and Sokolow-Lyon (3.8%; Cl: 1-18), with
all P < .001. Specificities were reportedly all 293%.2> Another study
from the same group reported data from 33 patients with end-
stage kidney disease. With cardiac MRI as the reference standard,
Peguero-Lo Presti had a sensitivity of 55% (95% Cl: 24-82), Cornell
46% (95% Cl: 18-75), and Sokolow-Lyon 18% (95% Cl: 3-52), with all
P <.001. Considering cardiac echo as the reference standard, the sen-
sitivity of Peguero-Lo Presti to detect LVH was 50% (95% Cl: 22-78),
Cornell 42% (95% Cl: 16-71), and Sokolow-Lyon 8% (95% Cl: 4-40),
with all P < .001. Specificities were 293% for all the criteria.? In an-
other study in a general population of patients who had transthoracic
cardiac echo (n = 144), Peguero-Lo Presti had a better sensitivity
of 16.0% compared to 7.6% for Cornell and 4.2% for Sokolow-Lyon
(P <.02).” In a large population from China (n = 10 614), Peguero-Lo
Presti criteria had the best sensitivity (57.0% in males and 41.9% in
females) compared to Cornell (21.4% in males and 18.9% in females)
and Sokolow-Lyon (45.3% in males and 11.9% in females). However,
the specificity of Peguero-Lo Presti (66.6% in males and 83.1% in fe-
males) was markedly lower than those obtained with Cornell (96.1%
in males and 95.7% in females) and Sokolow-Lyon (79.7% in males
and 96.9% in females).®

4 | DISCUSSION

Detection of LVH in routine clinical practice is pivotal for compre-

hensive cardiovascular risk assessment and for both primary and

WILEY-

secondary cardiovascular prevention. Despite the wide availabil-
ity of ECG and its ease to use, the performance of ECG to detect
LVH has been shown to be poor. To improve its diagnostic accuracy,
more than 30 criteria have been proposed, including the widely used
Sokolow-Lyon and Cornell criteria,* and the novel Peguero-Lo Presti
criterion.” Studies comparing these three criteria have shown incon-
sistent results.®'° Hence, we conducted a meta-analytic compari-
son of the diagnostic performance of these criteria, from ten studies
with low risk of bias and which provided data on 5984 individuals. It
shows that Peguero-Lo Presti has better sensitivity (43%) compared
to Cornell (26%) and Sokolow-Lyon (22%). Peguero-Lo Presti has the
lowest specificity (90%), but its overall performance is still the best
based on ROC analysis, with an AUC of 0.83 compared to 0.72 and
0.62 for Cornell and Sokolow, respectively.

Several factors influence the performance of ECG in detecting
LVH. In principle, ECG assesses the presence of LVH by estimating
the electrical voltage changes detectable at the body surface and
which are due to the increased left ventricular mass. Besides the
thickness of the myocardium, the cardiac electrical voltage detected
by the ECG electrodes is influenced by alterations in the myocar-
dial interstitium such as fibrosis and deposition of other materials,
left ventricular geometry, cardiac conduction abnormalities, the dis-
tance between the heart and the electrodes and their localization
on the torsum, and pulmonary diseases.>?%2? Other factors shown
to affect cardiac electrical voltage include age, sex, race, and body
habitus.?

Two fundamental assumptions underpinned the development
of the Peguero-Lo Presti criteria. One is that the detection of an
increase in left ventricular mass would be improved by the measure-
ment of the highest increase in voltage in any single lead, rather than
in a fixed single lead. Flexible lead selection unlike fixed lead selec-
tion has the potential to alleviate the pitfalls related to the variations
in the distance between the heart and the torsum as well as the
position of the surface electrode and the body habitus.” The other
premise is that the S wave, the second negative deflection of the
QRS complex, might be a better representation of the activation of
the myocardial and epicardial left ventricular free wall which occurs
after 50 msec of the left ventricular depolarization.”*° Therefore,
the overall hypothesis was that electrical cardiac changes shown
by the S wave might be more sensitive to detect alterations in left
ventricular mass. On the opposite, several previous criteria were
based on the measurement of the highest amplitude of the R wave
in various leads alone or in combination with other features.* In their
landmark paper, Peguero et al found that the S waves of the pre-
cordial and limb leads had a better association with an increased
left ventricular mass as compared to the R waves.” They suggested
that this was the main reason why their criterion, which focuses on
the S wave, had better performance than the Sokolow-Lyon and
Cornell which includes an amplitude of both R and S waves in dif-
ferent leads.”

The much higher sensitivity of Peguero-Lo Presti over Cornell and
Sokolow-Lyon is clinically meaningful. Indeed, the sensitivity is the

most important parameter to consider when looking at a screening
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test, the goal of identifying the maximum of individuals with LVH
(true positive) who need confirmation of the diagnosis with cardiac
imaging, usually echocardiography. Although the specificity of the
test is also important, it usually decreases as sensitivity increases, as
the two moves in opposite directions.3! Concomitant high sensitivity
and specificity are only seen for tests measuring parameters that
have a very central distribution and therefore a strong correlation.®!
For biological variables such as cardiac electrical voltage which are
very variable and less reproducible, sensitivity, and specificity will
tend to be wide apart. This might explain why the higher sensitivity
of Peguero-Lo Presti is mitigated by a lower specificity, although its
overall performance in ROC analysis remains better.

As for the other ECG criteria, the Peguero-Lo Presti diagnostic
accuracy can be increased if some extracardiac determinants are
taken into account. Indeed, we previously showed that the low per-
formance of the ECG criteria in diagnosing LVH in a Black African
population can be markedly improved after adjustment for factors
such as age, sex, and body habitus.” We suggested such adjustments
to Peguero et al® who, in response, declared that they were assess-
ing further the accuracy of their proposed novel criterion after ad-
justments for the aforementioned factors.3? For instance, a study
showed that adjusting the diagnostic cutoff Sokolow-Lyon index for
BMI (overweight + 4 mm, obesity + 8 mm) improves the diagnostic
accuracy for detecting LVH.3®

This study has some limitations. It has been shown that the per-
formance of ECG criteria varies according to race.’ Several racial/eth-
nic groups were not represented in this study including sub-Saharan
Africans. An important study done among a large Asian population
was not included in the meta-analysis because relevant data were not
available from the manuscript and upon request from the authors.
The study showed Peguero-Lo Presti was not a better screening
tool in that specific population.® Additionally, we did not consider, in
our analyses, factors that might influence the accuracy of ECG cri-
teria for LVH, such as sample size and comorbidities. An individual
participant data meta-analysis approach would have provided more
accurate modeling of these moderating factors than the aggregate
meta-analysis presented herein.%* Notably, an important finding in
the study by Peguero et al is that the sensitivity of their proposed
Peguero-Lo Presti criteria in the derivation cohort (70%) fell markedly
in the validation cohort (57%).” This discrepancy was attributed to the
difference between the two cohorts, in terms of age and comorbid-
ities. Furthermore, most of the studies included in this review used
echocardiography as the reference standard, instead of cardiac MRI
which is better for LV mass estimation. However, echocardiography is
the most accessible cardiac imaging modality in routine practice and
it would be difficult to use cardiac MRI in large diagnostic accuracy

studies owing to its availability and cost.

5 | CONCLUSION

This meta-analysis suggests that Peguero-Lo Presti has a better di-

agnostic performance than Cornell and Sokolow-Lyon. Thus, it may

prove to be more useful in routine clinical practice as a screening
tool for LVH. However, more studies are needed for its validation
especially across various ethnic groups. Furthermore, adjustment for
some extracardiac factors should be considered to improve the diag-

nostic accuracy of the Peguero-Lo Presti criterion.
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