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Accuracy of Peguero-Lo Presti ECG Criteria for Left
Ventricular Hypertrophy Diagnosis in Elderly Thai
Patients Using Cardiovascular Magnetic Resonance as
a Gold Standard

Atcha Seubsung, MD?, Phattararuethai Sabkaewyod, MD?, Varinsawat Prakongwong, MD?, Watcharee Prasertkulchai, MSc?,
Tarinee Tangcharoen, MD?

! Department of Internal Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand;  Division of Cardiology,
Department of Internal Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Background: The conventional electrocardiogram (ECG) criteria have shown low sensitivity for LVH detection in the elderly.

Objective: To evaluate the diagnosis accuracy of the new ECG criteria proposed by Peguero-Lo Presti in this population using cardiovascular
magnetic resonance (CMR) as a gold standard.

Materials and Methods: Patients older than 60 years that underwent CMR (1.5 T and 3 T, Philips) between 2012 and 2019 were included.
Exclusion criteria were abnormal CMR findings and abnormal baseline ECG. Left ventricular mass index (LVMI) was calculated from short-axis
slices covering the entire left ventricle. LVH was defined as LVMI of 63 g/m? or more in male patients and 48 g/m? or more in female patients. LVH
by new ECG criteria was defined by the deepest S + SV4 of 2.8 or more in males and 2.3 or more in females. Sensitivity, specificity, and accuracy
between the new criteria and the Cornell voltage criteria were compared.

Results: Five hundred fifty-nine patients were included with a mean age of 71+7 years old, and with 63.69% of female, 71.56% had hypertension,
and 16.46% were octogenarian. Eighty patients (14.3%) had LVH detected by CMR. The new ECG criteria showed higher sensitivity compared
with the Cornell voltage criteria especially in the octogenarian with a sensitivity of 15% versus 10% in overall and 31.25% versus 18.75% in
octogenarian, but the AUC did not show significant difference at AUC of 0.56 versus 0.54 (p=0.67).

Conclusion: Using CMR as the gold standard, the new ECG criteria showed higher sensitivity than the Cornell voltage criteria, especially in the
octogenarian, without significant different accuracy.
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The size of the elderly population around the
world has been increasing significantly during the
past decades. Hypertension is a common disease
in this group and left ventricular hypertrophy
(LVH) is a major cause of morbidity'". In general,
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electrocardiogram (ECQ) is the first diagnostic tool
for LVH detection. Further, recent hypertension
guideline has recommended ECG as a screening tool
for LVH screening®. Among the many ECG criteria
that have been proposed, the Cornell-voltage criteria
have been accepted as one of the most accurate®.
Previous studies have shown the low accuracy of
ECG criteria for detecting LVH in elderly patients®>).
The changing electrical activity of an aging heart has
been postulated as the reason for the low accuracy of
current ECG criteria in this group of the population®.

Recently, a study of the new ECG criteria, as
proposed by Peguero-Lo Presti, was conducted for
LVH detection”. The new criteria have defined LVH
as the summation of maximum S wave in any ECG
lead and the S wave in V4 (Sp + SV4) that exceeds 2.3
mV in women or 2.8 mV in men. It has demonstrated
a higher sensitivity for LVH detection compared
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to conventional criteria, using echocardiography
as a gold standard. However, the measurements
from 2-dimensional echocardiography are operator-
dependent and may lead to erroneous results, whereas
cardiac magnetic resonance imaging (CMR) is less
operator-dependent and more accurate®?. Current
practice guidelines recommend CMR as the gold
standard for ventricular mass assessment, particularly
in obese patients who have poor image quality by
echocardiography. Studies exist that investigate
the accuracy of the different ECG criteria for LVH
detection by using CMR as the gold standard.
However, none of these studies has been conducted
in the elderly population®'). The present study
aimed to 1) investigate the diagnostic accuracy of the
Peguero-Lo Presti ECG criteria for LVH detection in
elderly Thai patients using CMR as the gold standard,
and 2) compare the diagnosis accuracy between
conventional Cornell voltage criteria and the new
ECG criteria.

Materials and Methods
Population

Patients who underwent cardiac magnetic
resonance imaging (MRI) between 2012 and 2019
at Ramathibodi Hospital were identified. Inclusion
criteria were 1) 60-years-old or older and 2) 12-lead
ECG and cardiac MRI performed on the same day.
Exclusion criteria were 1) patients whose data were
incomplete, 2) patients with abnormal cardiac MRI
findings, including left ventricular dysfunction (EF of
less than 55% by CMR, myocardial scar, congenital
heart disease, pericardial disease, and 3) patients
whose ECG manifested bundle branch block, atrial
fibrillation, atrial flutter, Wolf Parkinson-White
syndrome, and low-quality ECG. Octogenarian was
defined as patients aged 80-years-old or older.

The present study was a retrospective cross-
sectional study approved by the Ethics Committee of
Ramathibodi Hospital, ethic number MURA2017/168/
Nu.

CMR protocol and data analysis

All patients underwent CMR for the assessment
of cardiac function, with left ventricular volume,
mass, and ejection fraction. CMR studies were
performed on a 1.5 T CMR scanner (Achieva 1.5
T, Philips Medical Systems, Best, The Netherlands)
using a 32-channel SENSE Cardiac coil for signal
reception. Cardiac function was evaluated by a
steady-state free precession sequence (b-SSFP) with
retrospective ECG gating: repetition time (TR) of 3
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ms, echo time (TE) of 1.5 ms, flip angle (FA) at 60
degrees, field of view (FOV) at 340x340 mm?, in-
plane resolution at 1.8x1.8 mm, reconstruction matrix
at 256x256, and slice thickness of 8 to 10 mm. All
cine images in short-axis and three long-axis views of
4-chamber, 3-chamber, and 2-chamber, were acquired
with 30 to 40 phases per cardiac cycle.

Analysis of CMR images

CMR Image analysis was performed using an
independent workstation with dedicated software
(Extended MR Workspace 2.6, Philips Healthcare).
Left ventricular volume, mass and ejection fraction
were analyzed by an experienced technician and two
cardiologists with at least five years of experience in
cardiac MRI and were blinded to the ECG results.
The endocardial border of the left ventricle was
automatically traced on the short-axis images in
end-diastolic and end-systolic phases with additional
manual adjustment. The left ventricle mass was
measured in the end-diastolic phase and the papillary
muscles were not included in the left ventricular mass
calculation. Left ventricular ejection fraction (LVEF)
was calculated automatically. The left ventricular
end-diastolic volume (LVEDV), left ventricular
end-systolic volume (LVESV), and left ventricular
mass (LVMASS) were indexed by body surface
area (Mosteller formula). According to recently
published data for normal cardiac MRI value in the
Asian population, left ventricular hypertrophy was
defined as LVMASSIi of 63 g/m? or more in males
and 48 g/m? or more in females!'?.

12-lead ECG analysis

Standard 12-lead ECG was recorded at a 25 mm/
second paper speed and a 1 mV/cm calibration carried
out with patients in the supine position. Twelve-lead
ECG was interpreted by an experienced investigator
blinded to cardiac MRI results. Two ECG criteria for
LVH diagnosis were evaluated in the present study,
comprising the Peguero-Lo Presti and the Cornell
voltage criteria. The criteria of LVH by Peguero-Lo
Presti criteria was the sum of the deepest S in any lead
plus S in V4 of 2.3 mV or greater in women and 2.8
mV or greater in men”, whereas the criteria of LVH
by the Cornell voltage was the sum of R in aVL plus
S in V3 greater than 2.0 mV in women and greater
than 2.8 mV in men'?.

Statistical analysis

Continuous data were presented as mean
and standard deviation (SD), whereas categorical
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Table 1. Baseline characteristics of patients with and without left ventricular hypertrophy defined by cardiac magnetic resonance

Characteristics Overall (n=559) LVH (n=80) No LVH (n=479) p-value
Female; n (%) 356 (63.69) 67 (83.75) 289 (60.33) <0.001
Age (year); mean+SD 7117 7217 71+7 0.32
Body surface area (m?); mean+SD 1.67+0.18 1.64+0.19 1.68+0.18 0.06
Body mass index (kg/mz); mean=+SD 25.744+4.30 26.33+4.28 25.64+4.30 0.19
Height (cm); mean+SD 158+8 15448 15848 <0.001
Hypercholesterolemia; n (%) 327 (58.50) 44 (55.0) 283 (59.08) 0.29
Diabetes mellitus; n (%) 146 (26.12) 21 (26.25) 125 (26.10) 0.54
Hypertension; n (%) 400 (71.56) 62 (77.50) 338 (70.56) 0.13
CMR variables; mean+SD
LVEDVi (mL/m?) 61.86+12.38 66.28+14.56 61.12+11.84 0.003
LVESVi (mL/m?) 19.414+7.14 20.89+8.14 19.1746.94 0.08
LVSVi (mL/m?) 42.6017.90 45.531+9.05 4251857259 0.002
LVMI (g/m?) 43.184+11.48 59.95+13.24 40.38+8.36 <0.001
LVEF (%) 69.42+7.07 68.96+7.77 69.50+6.96 0.56

SD=standard deviation; CMR=cardiac magnetic resonance; LVH=left ventricular hypertrophy; LVEDVi=left ventricular end-diastole index; LVESVi=left
ventricular end-systole index; LVSVi=left ventricular stroke index; LVMI=left ventricular mass index; LVEF=left ventricular ejection fraction

Table 2. Sensitivity, specificity, positive predictive value and negative predictive value compared between Peguero-Lo Presti and

Cornell voltage criteria in overall and octogenarian population

Age group ECG criteria Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy
Overall Cornell 10.0% (5 to 18) 97.49% (96 to 99) 40.0% (20 to 62) 86.64% (84 to 89) 84.97%
Peguero-Lo Presti 15.0% (8 to 24) 93.53% (91 to 96) 27.91% (16 to 42) 86.82% (84 to 90) 82.29%
Age <80 years Cornell 7.81% (3 to 16) 98.01% (96 to 99) 38.46% (16 to 65) 87.0% (84 to 90) 85.65%
Peguero-Lo Presti 10.94% (5 to 18) 93.55% (91 to 96) 21.21% (10 to 37) 86.87% (84 to 90) 82.23%
Age >80 years Cornell 18.75% (5 to 42) 94.74% (96 to 99) 42.86% (13 to 77) 84.71% (76 to 91) 81.52%
Peguero-Lo Presti 31.25% (13 to 56) 93.42% (86 to 98) 50.0% (22 to 78) 86.56% (78 to 93) 82.61%

Cl=confidence interval; ECG=electrocardiogram; PPV=positive predictive value; NPV=negative predictive value

data were presented as numbers and percentages.
Comparison of continuous data was made by the
student t-test for unpaired data and comparison of
categorical data was made by the chi-square test.
Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive
and negative likelihood ratio, and accuracy were
calculated for both ECG criteria. A p-value of less
than 0.05 was considered statistically significant.
Using the ROC, the area under curve (AUC) was
compared between Cornell and Peguero-Lo Presti
criteria. IBM SPSS Statistics, version 26.0 (IBM
Corp., Armonk, NY, USA) was used for data analysis.
All statistical analyses were performed using SPSS
Statistics, version 17.0 (SPSS Inc., Chicago, IL,
USA).

Results

Five hundred fifty-nine patients were included,
with 356 patients (63.69%) being female. Mean age
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was 7147 years. Of the 559 patients, 400 (71.56%)
were diagnosed with hypertension. Left ventricular
hypertrophy was diagnosed by CMR in 80 patients
(14.3%), with 68 patients being female (85%). Mean
blood pressure at the time of scanning was 129.7+15.5
mmHg. Baseline characteristics of the patients with
and without LVH are shown in Table 1. There was a
significantly higher number of females in the LVH
group compared with the no LVH group. The left
ventricular size, defined by LVEDVi and LVESVi,
was also higher in the LVH group although the LVEF
was not significantly different.

Twenty patients (3.58%) were diagnosed with
LVH by Cornell criteria, whereas 46 patients (8.23%)
were diagnosed by Peguero-Lo Presti criteria. Table 2
shows the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of
the two ECG criteria. Overall, the sensitivity of the
Peguero-Lo Presti criteria was higher than the Cornell
voltage criteria. The accuracy of the new criteria was
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Table 3. Baseline characteristics of octogenarian and non-octogenarian patients

Octogenarian (n=92) Non-octogenarian (n=467) p-value
Female; n (%) 63 (68.48) 293 (62.74) 0.18
Height (cm); mean+SD 15548 158+9 <0.001
Body surface area (m?); mean+SD 1.60+0.16 1.68+0.18 <0.01
Body mass index (kg/m?); mean+SD 25.0+4.39 25.88+4.27 0.08
Hypercholesterolemia; n (%) 51 (55.43) 276 (59.10) 0.30
Diabetes mellitus; n (%) 26 (28.26) 120 (25.70) 0.35
Hypertension; n (%) 75 (81.52) 325 (69.59) 0.01
CMR variables; mean+SD
LVEDVi (mL/m?) 60.53+13.83 62.12+12.07 0.31
LVESVi (mL/m?) 19.1048.22 19.48+6.91 0.68
LVSVi (mL/m?) 42.0949.23 42.70+7.61 0.50
LVMI (g/m?) 44.18+11.01 43.0+11.57 0.35
LVEF (%) 70.18+7.21 69.28+7.04 0.28
Patients with LVH; n (%) 16 (17.39) 64 (13.70) 0.22

SD=standard deviation; CMR=cardiac magnetic resonance; LVH=left ventricular hypertrophy; LVEDVi=left ventricular end-diastole index; LVESVi=left
ventricular end-systole index; LVSVi=left ventricular stroke index; LVMI=left ventricular mass index; LVEF=left ventricular ejection fraction
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Figure 1. Compares area under curve (AUC) between Peguero-Lo Presti criteria and Cornell criteria in non-octogenarian (left) and
octogenarian group (right). The AUC of Peguero-Lo Presti criteria were 0.52 and 0.62 in non-octogenarian and octogenarian patients
respectively whereas the AUC of Cornell criteria were 0.53 and 0.57 respectively.

higher than the Cornell voltage criteria, but it did not
reach statistical difference with AUC of 0.56 versus
0.54 (p=0.67).

There were 92 octogenarian patients with
a mean age of 8343 years and 63 were female
(68.48%), and 16 patients demonstrated LVH by
CMR. The LVEDVi, LVEF, and LV mass index were
not significantly different between octogenarian
and non-octogenarian populations (Table 3). Ten
patients were diagnosed LVH by Peguero-Lo Presti
criteria, whereas seven patients were diagnosed
LVH by Cornell voltage criteria. The sensitivity of
the Peguero-Lo Presti was higher than the Cornell
voltage criteria at 31.25% versus 18.75% with similar
specificity at 93.42% versus 94.74% as shown in
Table 2. The AUC of the new criteria was higher than
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the Cornell criteria in the octogenarian group but did
not reach statistical significance (Figure 1).

Discussion

The present study was a retrospective cross-
sectional study aimed to investigate the accuracy
of LVH detected by the new Peguero-Lo Presti
ECG criteria and compare its accuracy with the
conventional Cornell voltage criteria in the elderly
population. The authors found the new ECG criteria
had a higher sensitivity compared with the Cornell
voltage criteria, especially in octogenarian group,
although the specificity and accuracy were not
significantly different in the overall.

The accuracy of ECG criteria for LVH detection
in elderly patients is not as good as in the general
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population®'?. In elderly patients with LVH, the
chamber grows leftward, inferiorly, and posteriorly,
which results in the change of direction and
magnitude of the ECG vector®. Because of the vector
changing, the Peguero-Lo Presti ECG criteria, which
use the summation of deepest S wave in any lead and
S wave in lead V4, could lead to better LVH detection
compared with conventional criteria, which analyze
the depth of R and S wave in fix leads. The QRS axis
in the present study octogenarian patients was more
leftward than the non-octogenarian at 9.5 versus
23 (p=0.06), and the sensitivity of the new criteria
was especially higher than the conventional Cornell
voltage criteria in the octogenarian population
at 31.25% versus 18.75%. However, the overall
sensitivity of the new criteria in the present study
was much lower compared with the original study.
There are explanations for this difference. First, the
authors used left ventricular measurements from
CMR instead of 2D-echocardiography. Although
CMR has been considered the gold standard imaging
modality for ventricular mass measurements due to
a better image quality and inter- and intra-observer
measurement*'9, the prevalence of LVH defined by
CMR is lower than echocardiography). Armstrong
et al. performed a comparison study between
CMR and echocardiography, found that the left
ventricular mass was higher when assessed by
echocardiography®. In addition, the cut-off value
of LVH detection in the present study was different
from the Peguero-Lo Presti study. The authors used
the cut-off value for Asian population because,
compared with the Caucasian population, the Asian
Chinese population had lower left ventricular mass
that remained even after normalizing to body surface
area'?. Hence, the different imaging modality and
different cut-off left ventricular mass value can
explain the different sensitivity of the new criteria
between the present study and a previous one”.

In addition, the population ethnicity has an
impact on diagnosis accuracy. In the MESA study
used CMR as the gold standard, the accuracy of ECG
criteria for LVH detection was different between
different ethnicities with the lowest sensitivity in
the Chinese ethnicity!'”. The authors found similar
accuracy of Cornell voltage criteria in the present
study and the MESA-Chinese ethnicity with ROC
of 0.53 and 0.56, respectively. This finding suggests
that the accuracy of ECG for LVH detection is ethnic-
dependent and could explain the lower accuracy of
ECQG criteria in the present study compared with the
Caucasian population in the Peguero-Lo Presti study.
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It should be noted that the Peguero-Lo Presti
criteria is modeled on a hypertensive crisis population
with high prevalence of LVH of 60% in the test
group. A recent study from Sun et al. showed
that, when applying the new criteria in the general
Chinese population, its accuracy was lower than
the conventional Cornell voltage or Sokolow-Lyon
criteria’”. The present study population had well-
controlled blood pressure with mean blood pressure
of 129.7+15.5 mmHg. Further, the sensitivity of the
new criteria in the present study was not different
from the sensitivity in the Sun et al. study at 31.25%
versus 33%. Thus, the accuracy of Peguero-Lo Presti
criteria in the general population might not be as high
as demonstrated in the hypertensive crisis population.

Left ventricular hypertrophy is an independent
risk factor for cardiovascular disease!'® and current
guidelines for the management of patients with
hypertension have recommended ECG as a screening
tool for LVH detection®. ECG criteria with high
sensitivity should be given the first priority as a
screening tool for LVH detection. Because the
Peguero-Lo Presti ECG criteria showed high
sensitivity for LVH detection, especially among the
octogenarian population, it should be considered as
screening ECG criteria in this group of population.

Limitation

The present study included patients who were
sent for stress CMR. Although the authors excluded
patients with a history of coronary artery disease and
abnormal CMR findings, the present study population
did not reflect the healthy general population. In
addition, most patients with LVH were female,
meaning gender inequality should be considered.
Also, the number of octogenarian patients in the
present study was small at 92 patients. Finally, the left
ventricular mass in the present study was indexed by
body surface area because the authors used the cut-
off value based on study of the Asian population'?.
Brumback et al. showed the prevalence of left
ventricular hypertrophy differs between different
body-adjustment methods with the highest prevalence
in height indices method"?. Therefore, the accuracy
of the new criteria can be varied according to the
body index adjustment.

Conclusion

Using CMR as the gold standard for LVH
detection in elderly patients, the new ECG criteria,
showed higher sensitivity than the Cornell voltage
criteria, especially in octogenarian patients.
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What is already known on this topic?

Previous study showed the high accuracy of
Peguero-Lo Presti ECG criteria for LVH detection
in the western population. However, a study in
Chinese population, using echocardiography as the
gold standard, demonstrated the accuracy of the
new criteria was not significantly higher than the
conventional criteria.

What this study adds?

This study showed that although the Peguero-
Lo Presti criteria showed higher sensitivity than
the Cornell voltage criteria, especially in the
octogenarian, the accuracy of the new criteria was
not significantly higher than the conventional criteria.
Therefore, the present study data confirmed that the
accuracy of the new criteria in the Asian population
was not as high as the western population.
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