ARTICULO ORIGINAL

Gac Méd Caracas 2025;133(2):321-330
DOI: 10.47307/GMC.2025.133.2.3

A Phi-based electrocardiographic index predicting small
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de la masa ventricular izquierda. Influencia de la hipertensién, sobrepeso, y

el sexo
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SUMMARY

Background: The current cutoff value for left
ventricular hypertrophy (LVH) does not accurately
discriminate againstminor changesinventricularmass.
Objective: To verify whether an electrocardiographic
index can detect a 15 % increase in left ventricular
mass (LVM) based on ideal chest diameter (ICD)
using a Phi-based formula approach. Methodology:
We assessed the records of 471 patients undergoing
routine cardiac check-ups in a cross-sectional study,
grouped by hypertension, overweight, and sex. The
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index was the sum of the leads (DI, DII, DIII), with a
threshold of less than 23 mm. The ideal cardiothoracic
diameter (ICD) was defined as height(H)/8.1 for men
and H/7.8 for women. The LVM was calculated as
16*((ICD/10)/3). The groups were compared using
the Chi-Square test, T-test, and logistic multinomial
regression, as appropriate. Results: Mean age was
47 + 13 years, 239 men and 232 women, 36.9 %
were hypertensive. The index was present in 61.1
% (n = 288) and lacked the ability to discriminate
LVH by consensus. However, it was associated with
smalls LVM increases in the general population (OR:
1.6 CI95 %: 1.088 — 2.352, p = 0.016) and in men
with or without hypertension (OR: 3.925, CI95 %:
1377 — 11.186, p = 0.009 and OR: 1.981, CI95 %:
1.126 -3487,p = 0.017, respectively). Normal BMI
showed an inverse odds ratio (OR) of 0.034, CI195 % -
1.112-13.804,p = 0.034. Conclusion: The index can
predict small Phi-based LVM values inmen, especially
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A PHI-BASED ELECTROCARDIOGRAPHIC INDEX

in hypertensive men, and is influenced by body mass
index (BMI); however, the link between this index and
women remains unclear.

Keywords: Electrocardiographic index, golden
number, Phi, hypertensive hypertrophy, diagnosis.

RESUMEN

Antecedentes: El valor de corte actual para
la hipertrofia ventricular izquierda (HVI) no
discrimina con precision los pequeiios cambios en
la masa ventricular. Objetivo: Verificar si un indice
electrocardiogrdfico puede detectar un aumento del
15 % en la masa ventricular izquierda (MVI) basado
en el didmetro tordcico ideal (DTI), utilizando un
enfoque conunaformulabasada en Phi. Metodologia:
Evaluamos 471 registros de pacientes debido a chequeo
cardiaco rutinario en un estudio transversal, en grupos
segiin hipertension, sobrepeso'y sexo. El indice fue la
suma de derivaciones (DI, DII, DIII), con un umbral
de <23 mm. DTI = Altura (A)/8,1 en hombresy A/7,8
en mujeres, MVI=16*((ICD/10)'3), para obtener
una diferencia >15 %. Se compararon los grupos
mediante las pruebas Chi?, prueba T y regresion
logisticamultinomial, seguin procediera. Resultados:
La edad media fue de 47 + 13 aiios, 239 hombresy 232
mujeres, 36,9 % eran hipertensos. El indice estuvo
presente en el 61,1 % (n=288) y no discrimino la HVI
por consenso. Sin embargo, se asocio a aumentos
menores de la MVI en la poblacion general, (OR: 1,6
1C95 %:1,088 - 2,352, p = 0,016),y en hombres con o
sin hipertension (OR: 3,925,1C95 %: 1,377 -11,186,p
=0,009y OR:1,98,1C95 %: 1,126 - 3,487, p =0,017,
respectivamente). En andlisis multivariante, el IMC
normal mostro un riesgo inverso, OR: 0,034 IC95 %:
1,112—13,804,p =0,034. Conclusion: El indice puede
predecir pequeiios valores de MVI basados en Phi en
hombres, especialmente hipertensos, es influido por el
IMC, permaneciendo esquivo este vinculo en mujeres.

Palabras clave: Indice electrocardiogrdfico, niimero
dureo, Phi, hipertrofia hipertensiva, diagnostico.

INTRODUCTION

Echocardiography has proven to be a valuable
tool for evaluating left ventricular hypertrophy
(LVH). LVM is an independent factor for
long-term cardiovascular events (1). Some
echocardiographic guidelines suggest that it is
feasible to use index values when integrating
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reference intervals for measuring left ventricular
mass (LVM) (2).

In another scenario,itis commonly known that
body mass index (BMI), age, hypertension, and
sex impact electrocardiogram (EKG) readings.
For instance, the anteroposterior diameter or
thoracic thickness can be a valuable variable to
help interrelate electrocardiographic measures
assessing left ventricular mass (LVM). However,
its use has been less commonly employed.
However,itis a historical factor that affects EKG
signals. Nonetheless, recent authors reported
scores using this measure, showing that they
outperform conventional ECG criteria for LVH

).

Electrocardiography has primarily explored
a combination of limb and precordial leads in
search of LVH. Although the EKG Rombhilt—
Estes score is an independent predictor of
cardiovascular disease, it exhibits an adverse
prognostic ability, which is associated with
false-negative results (4). Furthermore, it is
well-established knowledge that EKG precordial
voltage is influenced by the thoracic chamber,
with some authors addressing this variable in
scoring criteria by radiography in patients with
prevalent cardiovascular disease (5). Macruz
described an ideal anthropometric measure that
yields fixed values for left ventricular mass (6).
‘We can assume that using the original Einthoven
leads can discriminate a ventricular mass 15 %
above the value estimated by Macruz’s formula.

MATERIALS AND METHODS

From a database of patients’ records, we
consulted routine cardiac check-ups aiming for
a green appraisal for non-competitive exercise
practice. We initially screened 631 cases using a
convenience sample strategy. Due to the use of
anonymized medical records, obtaining patient
consent was not necessary. Individuals above 70
years of age were excluded, primarily because
frequent EKG pathologic changes are observed
beyond this threshold (7,8). Similarly, there
was a restriction for individuals with a low body
surface area (BSA) and obesity, as a previous
report had shown that this latter condition
significantly reduced EKG sensitivity (9,10).
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Upon clinical history in accordance with pertinent
standards, patients with the following conditions
were excluded: a) chronic cor pulmonale; b)
myocardial infarction; c) valvular heart disease;
d) bundle branch blockages; e) pre-excitation
syndrome; or f) atrial fibrillation or atrial flutter.
Regarding BMI, patients with a BMI of less than
18 or greater than 30 were excluded.

Additionally, other exclusion causes were
those that could modify electrocardiographic

criteria for LVH such as athletic hypertrophy
due to its controversial results (11,12), aortic
valve disease, hypertrophic cardiomyopathy,
and congenital heart disease. We also removed
9 records that were influencing the model’s fit
as outliers. Finally, after applying the selection-
exclusion criteria, we analyzed aresulting sample
of 471 cases and compared the results of their
electrocardiograms, paired with the respective
time echocardiograms (Figure 1).

Figure 1. Flowchart of the population selection.

Echocardiographic assessment

Two-dimensional echocardiography was
performedusing the Toshiba Nemio 30 Ultrasound
System (Otawara-Shi, Tochigi,Japan),equipped
with a multifrequency transducer operating at
frequencies ranging from 2.5 to 5.0 MHz. The
patients were positioned in a left lateral decubitus
for image acquisition in the parasternal and
apical views. Heart rhythm and frequency were
monitored using an electrocardiographic lead
during the test. The cardiac structures were
assessed in accordance with the recommendations
of the American Society of Echocardiography
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(ASE) and the European Association of
Cardiovascular Imaging (EACVI) (14). Left
ventricular hypertrophy was defined by LVM/
BSA. An observer performed the exams and
immediately reviewed them by another, who was
blind to the first assessment at the institution.

Electrocardiogram assessment

Aresting 12-lead standard EKG was acquired
in asupine position during quietrespiration using
a Hewlett-Packard Page writer 200i machine
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(scale: 10 mm = 1 mV, 25 mm/s). All the tests
were performed and analyzed at the Service of
Electrocardiography in the same Institute. The
vectorial sum of limb lead DI, DII, and DIII
detailed the presence of the index when the value
was less than 23 mm.

Phi-based thoracic thickness measure

Based on our minor left ventricular mass
alteration with the help of Macruz’ formula
describing ICD calculated based on height (H),
TTi=H/8,1 formales and H/7,8 for females, when
the patienthad an ideal weight (height (cm)-100),
and LVM=16*((ICD/10) A3), to obtain a>15 %
difference between echocardiogram measures (6).
ICD or anteroposterior chest diameter could also
be integrated into a theoretical biometric equation
(height-1/5) * 0.618=(Phi) (15).

Statistical analysis

The Kolmogorov-Smirnov test was used to
determine the normality of the data, helping to
identify and remove atypical records from the
main variables. The initial dependent variable
was LVM difference above 15 %. The continuous
variables were expressed as mean and standard
deviation and accounted for as percentages if they

were categorical variables. Categorical variables
were analyzed by the Chi?> method and Fisher’s
correction as appropriate. The Student T-test
analyzed continuous variables. Multinomial
regression analysis identified independent factors
in the different setup groups. Data were evaluated
using IBM Corp. (2015). IBM Statistics SPSS
Statistics for Windows, Version 25.0. Armonk,
NY:IBM Corp program. All tests were two-tailed.
A p<0.05 value was considered statistically
significant.

RESULTS

The selected population comprised 471
patients with amean age of 47 + 13 years; 34.2 %
(n=161) had hypertension, and 65.8 % (n=310)
were normotensive. Regarding sex,hypertension
tended to be more prevalent in women (37.9 %,
n = 88) than men (30.5 %, n = 73), without
significance (p =0.091). Sixty-five patients met
the consensus criteria for LVH (13.8 %), and 189
(40.1 %) were classified as having an estimated
ideal left ventricular mass greater than 15 %. No
association was found between the EKG index
and LVH or altered relative wall thickness by
consensus (data not shown). Amidst the initial
echocardiographic measures, only the septum
showed differences between groups (Table 1).

Table 1. Echocardiographic parameters according to the index presence

EGG index (DI-DII-DIII)

Present n=344 Absent n=255 P
Aorta (mm) 31.7+40 305+3.6 0.804
Left atrium (mm) 328 +4.1 333+3.7 0.263
LV in diastole (mm) 48037 478 +4.1 0.565
LV in systole (mm) 298+29 298 +3.5 0.205
Septum (mm) 82+1.0 81+10 0.006
Posterior wall (mm) 80x1.0 79+10 0.378
LV mass (g) 162.9 + 38 161.4 +39 0.552
LV mass/BSA (g/m?) 892 +173 872+169 0.222
Relative wall thickness 0.34 +£0.04 033 +£0.04 0.101

Legend: LV, left ventricle, BSA: body surface area
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Nonetheless, in the general population, the
EKG index showed a significant risk of having
more than a 15 % difference in LVM based on
the thoracic thickness formula (odds ratio: 1.600,
IC95 %: 1.088 — 2.352, p = 0.016). Although
there was alack of association regarding having or
nothaving hypertension in the general population
and the EKG index, there was an association
after dividing the population by sex. In men,
the index was associated with changes in left
ventricular mass with a risk of 1.981, CI95 %:
1.126 — 3.487, p = 0.016, and if hypertension
was present, the risk was greater (OR: 3,925,
CI95 %: 1.377 — 11.186, p = 0.009) (Figure 2).
Also,we observed an association in the subgroup
with overweight (odds ratio: 2.461 CI95 %:
1.266—4.784,p=0.007),with opposite behavior
regarding sensitivity/specificity but balanced
positive and negative predictive values. However,
in men without hypertension, the odds were not
significant due to crossing the basal mark of 1
(OR: 1.100, CI95 %: 0.366 — 3.303, p = 0.865)
(Tables 2 and 3).

Interestingly, if the sum of DIDIIDIII was
more than 23 mm, it acted as a protective factor,
resulting in a 15 % increase in left ventricular

mass (OR:0.625,CI95 % 0.425-0.919,p=0.016)
in the general group, before adjusting for the
presence of HT, which lost significance (Tables
2 and 3). Similarly, in men, the odds ratio was
0.505, CI95 % 0.287—0.888, but not significant
in women (data not shown). Furthermore, the
EKG index did not show an association with
HVE according to current consensus, using
LVM/BMI in the general population, by sex, or
by BSA (data not shown).

Although most of the mean odds ratios showed
a positive association with a 15 % difference
in LVM, they also crossed the basal value (1),
indicating no significant difference between the
arms, for example: men without hypertension
(OR: 1.100, CI95 %: 0.366 — 3.303, p=0.865).
Regarding women, the index presence showed
a reverse association with a rise of LV mass.
Surprisingly, only women with normal weight
had a positive relationship (OR: 2.772, CI95 %:
1.004—7.658). Onthe other side,overweightand
hypertensive women had a similarnon-significant
risk (OR: 0.840, CI95 %: 0.406 — 1.739, p =
0.639 and OR: 0.818, CI95 %: 0.234 - 2.065, p
=0.671, respectively (Figure 2).

GP —e—i
HT —
NHT e
Normal weight A
Overweight e
Men — it
Women —o—i
HT Men o
HT Women , ol
Normal men i+ —o——+——
Overweight men °
Normal women Py
Overweight women —
0 1 2 4

Figure 2. Odds ratios distribution for 15 % difference in LVM between groups. GP; General population, HT: hypertensive

patients, NHT: non-hypertensive patients.

Gac Méd Caracas

325



Table 2. Electrocardiographic index, ventricular hypertrophy and 15 % difference in LVM depending on hypertension status

A PHI-BASED ELECTROCARDIOGRAPHIC INDEX

15 % LVM
EKG index Present Absent P S E PPV NPV
GP 128 (44.0 %) 160 (52 %) 0,016 67.62 43.26 67.72 66.67
HT 65 (61.3 %) 41 (38.7 %) 0.137 70.65 40.58 61.32 5091
NHT 63 (34.6 %) 119 (65.4 %) 0.132 55.87 41.29 39.53 57.66
BMI
Normal 33 (31.7 %) 71 (68.3 %) 0.096 71.74 42.28 31.73 80.00
Overweight 95 (51.6 %) 89 (48.4 %) 0.063 66.43 4403 51,63 59.32
HT + Sex
Men 29 (60.4 %) 19 (39.6 %) 0.009 48.65 80.56 60.42 72.00
Women 36 (62.1 %) 32 (37.9 %) 0.671 64.29 31.25 64.29 33.33
NHT + Sex
Men 28 (30.1 %) 65 (69.9 %) 0.436 45383 60.87 30.11 75.34
Women 35(39.3 %) 54 (60.7 %) 0.212 41.94 68.63 39.33 7091
Legend: GP: general population, HT: hypertensives, NHT: non hypertensives, BMI: Body mass index.
Table 3. EKG index and 15 % difference in LVM depending on hypertension and BMI for each sex
EKG index (n=128) Present Absent P S E PPV NPV
HT Men 29 (60.4 %) 19 (39.6 %) 0.009* 48.65 80.56 60.42 72.00
Women 36 (62.1 %) 32 (37.9 %) 0.671 64.29 31.25 64.29 33.33
NHT Men 28 (30.1 %) 65 (69.9 %) 0.436 45.83 60.87 30.11 75.34
Women 35(39.3 %) 54 (60.7 %) 0.212 41.94 68.63 39.33 7091
BMI (men) Normal 11 (26.8 %) 30 (73.2 %) 0.865 61.11 41.18 26.83 75.00
oW 46 (46.0 %) 54 (54.0 %) 0.007 71.88 49.06 46.00 74.29
BMI (women)  Normal 22 (34.9 %) 41 (65.1 %) 0.044 78.57 43.06 34.92 83.78
(0% 49 (58.3 %) 35 (41.7 %) 0.639 62.03 33.96 58.33 37.50

Legend: HT: hypertensive patients, NHT: non-hypertensive patients, BMI: body mass index, OW: overweight, S: sensitivity,
E: specificity, PPV: positive predictive value, NPV: negative predictive value, *p < 0.05.

In multivariate analysis, the groups were
divided by the presence of hypertension and
by sex. Additionally, BSA and BMI were
incorporated together. As a result, it was found
that both variables were associated with the
LVM difference in the absence of hypertension.
In hypertensive patients, the association was
maintained only for BMI, for both sexes.
Regarding the EKG index, only men could
discriminate between the small rise in left
ventricular mass (Tables 4 and 5).
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DISCUSSION

Many,if notall,echocardiography parameters
vary according to gender, body habitus, height,
weight, or both, ethnicity, fitness level, and age.
We did not include ethnicity or body habitus
in the study, as these factors could modify the
results. Nonetheless, apart from the groups of
non-hypertensive and hypertensive patients, we
had the opportunity to assess minor left ventricular
mass changes in sex groups. A distinctly
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Table 4. Non-hypertensive patients and independent factors for LVM changes by sex

CI95 %
Dif.15 %M B Wald P p Lower limit Upper limit
Men
Age -0.005 0.115 0.735 0.995 0.967 1.024
BSA -4.879 11.801 0.001 0.008 0.000 0.123
EKG index 0.281 0.532 0.466 1.324 0.623 2.813
BMI (Normal) -0.842 3.947 0.047 0431 0.188 0.989
CI195 %
Dif.15 %M B Wald P p Lower limit Upper limit
‘Women
Age 0.049 1.096 0.295 1.050 1.013 1.089
BSA -3.208 3.924 0.048 0.040 0.002 0.967
EKG index 0.306 0.508 0476 1.358 0.585 3.148
BMI (Normal) -1.796 14.569 <0.001 0.166 0.066 0417

Legend: Dif. 15 % M: 15 % difference in left ventricular mass, BMI: body mass index, BSA: body surface area.

Table 5. Hypertensive patients and independent factors for LVM changes by sex

CI95 %
Dif.15 %M B Wald p Lower limit Upper limit
Men
Age -0.031 1.469 0.225 0.970 0.922 1.019
BSA -5.646 5.719 0.017 0.004 3453E-5 0.361
EKG index 1.366 4516 0.034 3918 1.112 13.804
BMI (Normal) -1.829 4.170 0.161 0.028 0.929
CI95 %
Dif.15 %M B ‘Wald p Lower limit Upper limit
Women
Age 0.030 1.744 0.187 0.187 0.985 1.079
BSA -3.012 2.420 0.120 0.120 0.001 2.188
EKG index -0.308 0.375 0.540 0.540 0.275 1.968
BMI (Normal) -1.068 4.104 0.043 0.043 0.122 0.966

Dif.15 %M: 15 % difference in left ventricular mass, BMI: body mass index.

different approach to assessing and comparing
electrocardiography and echocardiography has
not been seen previously.

Furthermore, the cut-off values provided in
the current literature are high, often missing a
significant percentage of hypertrophy diagnoses
when using Sokolow or Cornell criteria (16,17).

Gac Méd Caracas

Considering a Phi-derived formula that accounts
for a relatively small change based on anatomic
proportion, we may encounter a valid relationship.
Moreover,recent research has shown that the use
of EKG voltage criteria in estimating LVH in a
hypertensive population is low, with a positive
predictive value of 3.9 % for Cornell and 1.9 %
for the Sokolow-Lyon index (18).
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Taking a simpler approach, just using the
Einthoven triangle (standard limb leads), in
contrast, our index predicted small changes
with far higher accuracy (above 60 % for the
general population and for men with or without
hypertension). Other authors have already
ascribed the importance of detecting such small
changes. A study with 436 non-complicated
hypertensive patients and more than five
years of follow-up illustrated that a rise in the
percentage predicted of theorical LVM using
a equation that include stroke work (predicted
LVM (pLVM) = 55.37 + 6.64 height (m?7) +
0.64 * stroke work - 18.07sex (where sex was
coded as male 1 and female 2) had an event rate
(x 100 patient-years) of 3.18 in the group with
inappropriate LVM persistentand of 0.8 1 amongst
patients with persistent of appropriate LVM (log-
rank test, p=0.0001) (19). This result suggests
the importance of small ventricular chamber
variations as arisk in cohort studies, anticipating
the known risk that brings actual LVH criteria.

Weight influence

The overweight or obese patient experiences
persistent myocardial stress as aresultof increased
cardiac output and minute volume, which is a
consequence of an increase in cardiac output
and minute volume proportional to excess body
weight. This occurs due to increased blood flow
from adipose tissue, with minimal compromise
of resting heart rate but with an elevation of
systolic volume. Ultimately, the patientexhibits a
compensatory rise in LVM. Ithas been previously
described in alarger population as the BMI-LVM
association (20). In this study, we observed an
initial tendency that was confirmed in men in the
multivariate analysis.

Sex influence

We believe that inconsistent associations in
men and women imply different intrathoracic
and corporal factors that affect impedance and
conductance between the sexes. Thisrelationship
has been described in alarge population of adults,
demonstrating the link between fat percentage,
age, and sex (21). In the EKG, sex differences
have been more extensively explored, primarily
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in the QRS voltage of precordial leads, which are
part of the most commonly used index, as well as
in QRS duration,the ST segment,and T amplitude,
as compared in multiethnic databases (22).
Moreover, we observed that the relationship
between BMI, sex, and the EKG index was
opposite. In this scenario, it can be hypothesized
that the positive relation in women with normal
BMI acts as the overweight in men, and a
possible explanation lies in the bioimpedance
similarities in both groups. Furthermore, age can
also influence this, as described by some authors
who found sex difference impedance to depend
on BMI category and a decrease in fat-free mass
with aging, which was attenuated in women (23).

Limitations and advantages

Besides being apilotstudy thatintroduces anew
approach and yields valid findings by comparing
the association between electrocardiography
and echocardiography, it still involves a modest
number of cases. Further research could help
better define our findings in a prospective setting,
including the alterations observed in individuals
with optimal blood pressure control, and the
type of exercise the patient used to do that might
modify ventricular chambers. This pertinent first
question may help explain the wider confidence
interval observed in hypertensive men. On the
other hand, characterizing women proved to be
elusive. We suspect that two main factors could
be involved, one of them is the proportional lean
mass, and the second could be mammary tissue
or sex reported differences in bioimpedance.
Meanwhile,itis asignificantadvantage to predict
proportional small changes in left ventricular
mass using a straightforward tool, such as the
index presented, instead of being based on a
population cut-off. Setting a universal fixed
value, rather than an epidemiological range of
normality, could eventually prevent or guide
treatments more effectively and individually.
Finally, we must emphasize that none of the
patients suffered from ischemia,inflammation,or
interstitial fibrosis (conditions observed in some
of the pathologies that comprised the exclusion
criteria),all of which can accompany myocardial
remodeling and could be studied further in future
research.
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CONCLUSION

The index did not show utility for guidelines
cut-off hypertrophy values. BMI influences the
index prevalence. Moreover, in hypertensive
men,the novel EKG index significantly predicted
minor alterations in left ventricular mass based
on Phi-based thoracic measures. However, it
remained a challenge to foresee this association
in women.

REFERENCES

1. Waki H, Hoshide S, Kario K. Left ventricular mass
as a predictor of cardiovascular events in the era of
hypertension management using home blood pressure
measurement: The J-HOP study. Hypertens Res.
2022;45(8):1240-1248.

2. Harkness A, Ring L, Augustine DX, Oxborough
D, Robinson S, Sharma V, et al. Normal reference
intervals for cardiac dimensions and function for use
in echocardiographic practice: A guideline from the
British Society of Echocardiography. EchoResPract.
2020;7(1):G1-G18.

3. Maanja M, Schlegel TT, Kozor R, Lundin M,
Wieslander B, Wong TC, et al. The electrical
determinants of increased wall thickness and mass
in left ventricular hypertrophy. J Electrocardiol.
2020;58:80-86.

4. BacharovaL,Estes EH. Left Ventricular Hypertrophy
by the Surface ECG. J Electrocardiol. 2017;50(6):906-
908.

5. Matusik PS, Bryll A, Pac A, Popiela TJ, Matusik
PT. Clinical Data, Chest Radiograph and
Electrocardiography in the Screening for Left
Ventricular Hypertrophy: The CAR,E, Score. J Clin
Med. 2022;11(13):3585.

6. Macruz R. Matemadtica da arquitectura humana
V=K*ET. Brasil: Editora Roca; 2010.

7. Molaschi M, Ponzetto M, Romin R, Berrino E, Fabris
F. Changes in the electrocardiogram in the elderly
patient. The limits between normality and pathology.
Recenti Prog Med. 1995;86(1):32-36.

8. Marcolino MS, Cury GA, Ribeiro AL. Electro-
cardiographic abnormalities in the elderly: A study in
a large database of primary care patients. J Clin Exp
Res Cardiol. 2017;3(2):204.

9. Rodrigues JC, MclIntyre B, Dastidar AG, Lyen SM,
Ratcliffe LE, Burchell AE, et al. The effect of obesity
on electrocardiographic detection of hypertensive
left ventricular hypertrophy: Recalibration against

Gac Méd Caracas

11.

12.

13.

14.

16.

17.

18.

19.

cardiac magnetic resonance. J Hum Hypertens.
2016;30(3):197-203.

Snelder SM, van de Poll SWE, de Groot-de Laat
LE, Kardys I, Zijlstra F, van Dalen BM. Optimized
electrocardiographic criteria for the detection of left
ventricular hypertrophy in obesity patients. Clin
Cardiol. 2020;43(5):483-490.

Singla V, Jindal A, Pargaonkar V, Soofi M, Wheeler
M, Froelicher V. Examining QRS amplitude criteria
for electrocardiographic left ventricular hypertrophy
in recommendations for screening criteria in athletes.
J Electrocardiol. 2015;48(3):368-372.

Hedman K, Moneghetti KJ,HsuD, Christle JW, Patti
A,Ashley E,etal. Limitations of Electrocardiography
for Detecting Left Ventricular Hypertrophy or
Concentric Remodeling in Athletes. Am J Med.
2020;133(1):123-132.¢8.

Bula K, Cmiel A, Sejud M, Sobczyk K, Ryszkiewicz
S, Szydio K, et al. Electrocardiographic criteria for
left ventricular hypertrophy in aortic valve stenosis:
Correlation with echocardiographic parameters. Ann
Noninvasive Electrocardiol. 2019;24(5):e12645.

Lang RM, Badano LP, Mor-Avi V, Afilalo J,
Armstrong A,Ernande L,etal. Recommendations for
cardiac chamber quantification by echocardiography
in adults: An update from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging. J Am Soc Echocardiogr.
2015;28(1):1-39.e14.

. Lanz-Luces JR, Alves da Costa FA , Escobar Guzman

LF,AmachuyAlacaJdeD. Electrocardiographic index
inaorticrootenlargements and ventricular hypertrophy
with Phi-based chest-wall thickness derived measure.
Gac Méd Caracas. 2022;130(4):685-695.

Schroder J, Nuding S, Miiller-Werdan U, Werdan K,
Kluttig A, Russ M, et al. Performance of Sokolow-
Lyon index in detection of echocardiographically
diagnosed left ventricular hypertrophy in a normal
Eastern German population - results of the CARLA
study. BMC Cardiovasc Disord. 2015;15(1):69-75.

Mahn JJ, Dubey E, Brody A, Welch R, Zalens-
ki R, Flack JM, et al. Test characteristics of
electrocardiography for detection of left ventricular
hypertrophy in asymptomatic emergency department
patients with hypertension. Acad Emerg Med.
2014;21(9):996-1002.

Bayram N, Akoglu H, Sanri E, Karacabey S,
Efeoglu M, Onur O, et al. Diagnostic accuracy of
the electrocardiography criteria for left ventricular
hypertrophy (Cornell Voltage Criteria, Sokolow-Lyon
Index,Romhilt-Estes, and Peguero-Lo Presti Criteria)
compared to transthoracic echocardiography. Cureus.
2021;13(3):e13883.

Muiesan ML, Salvetti M, Paini A, Monteduro C,
Galbassini G, Bonzi B, et al. Inappropriate left

329



20.

21.

330

A PHI-BASED ELECTROCARDIOGRAPHIC INDEX

ventricular mass changes during treatment adversely
affects cardiovascular prognosis in hypertensive
patients. Hypertension. 2007;49(5):1077-1083.

Rubio LCS, Molina GV, Anaya MLB, Diaz-Martinez
LA, Torres JLL, Perilla KE. Relationship of body
mass index with changes in cardiac geometry and
function in 5 898 patients evaluated by transthoracic
echocardiography. Arq Bras Cardiol. 2015;28:3-16.
Meeuwsen S, Horgan GW, Elia M. The relationship

between BMI and percent body fat, measured by
bioelectrical impedance, in a large adult sample is

22.

23.

curvilinear and influenced by age and sex. Clin Nutr.
2010;29(5):560-566.

Macfarlane PW. The Influence of Age and Sex on
the Electrocardiogram. Sex-Specific Analysis of
Cardiovascular Function. In: Kerkhof P L M, Miller
V M, editors. Advances in Experimental Medicine and
Biology 1065. Springer New York; 2018.p.93-106.

He X, Li Z, Tang X, Zhang L., Wang L, He Y, et al.
Age- and sex-related differences in body composition
in healthy subjects aged 18 to 82 years. Medicine
(Baltimore). 2018;97(25):e11152.

Vol. 133, N° 2, junio 2025



