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ABSTRACT

Background The clinical significance of the discrepancy
between left ventricular hypertrophy (LVH) by
echocardiography and ECG remains to be elucidated.
Methods After excluding patients who presented with
pacemaker placement, QRS duration >120 ms and
cardiomyopathy and moderate to severe valvular disease,
we retrospectively analysed 3212 patients who had
undergone both scheduled transthoracic echocardiography
(echo) and ECG in a hospital-based population. Cornell
product >2440 mm - ms was defined as ECG-based LVH;
left ventricular mass index >115 g/m? for men and >95 g/
m? for women was defined as echo-based LVH. The study
population was categorised into four groups: patients with
both ECG-based and echo-based LVH (N=131, 4.1%),
those with only echo-based LVH (N=156, 4.9%), those with
only ECG-based LVH (N=409, 12.7%) and those with no
LVH (N=2516, 78.3%).

Results The cumulative 3-year incidences of a composite
of all-cause death and major adverse cardiovascular
events were 32.0%, 33.8%, 19.2% and 15.7%,
respectively. After adjusting for confounders, the HRs
relative to that in no LVH were 1.63 (95% Cl 1.16 to 2.28),
1.68 (95% Cl 1.23 to 2.30) and 1.09 (95% CI 0.85 to 1.41)
in patients with both ECG-based and echo-based LVH,
those with only echo-based LVH, and those with only ECG-
based LVH, respectively.

Conclusions Echo-based LVH without ECG-based LVH
was associated with a significant risk of adverse clinical
events, and the risk was comparable to that in patients
with both echo-based and ECG-based LVH.

INTRODUCTION
ECG and echocardiography (echo) are
common and painless non-invasive methods
for detecting several heart problems. ECG
provides unique information on the electrical
activity of the heart, while an echo provides
structural and functional information in
healthy and diseased individuals.

Left ventricular hypertrophy (LVH) is the
hallmark of pressure or volume overload or
structural change irrespective of overload,
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Key questions

What is already known about this subject?

» When left ventricular hypertrophy (LVH) is evaluat-
ed simultaneously by ECG and echo, discrepancies
between ECG-based LVH and echo-based LVH are
observed in a certain proportion of patients.

What does this study add?

» Echo-based LVH without ECG-based LVH was as-
sociated with a significant risk of adverse clinical
events, and the risk was comparable to that in pa-
tients with both echo-based and ECG-based LVH.

How might this impact on clinical practice?

» When we see the mismatch between ECG-based LVH
and echo-based LVH, it is necessary to thoroughly
investigate the underlying mechanism that causes
the mismatch in order to understand and treat the
pathophysiological condition in each patient.

such as hypertrophic cardiomyopathy. Many
previous studies have evaluated the prognostic
impact of ECG-based LVH' * or echo-based
LVH.?* LV structure does not always relate to
electrical activity in the myocardium and vice
versa. For example, echo-based LVH is often
observed in patients with cardiac amyloi-
dosis, but the voltage of electrical activity is
not large. The increased voltage is implicitly
considered as a function of the LV, which is
in agreement with the echocardiographic
findings. ECG-based LVH patterns are also
seen because the slowing of the conduction
velocity changes the sequence of ventric-
ular activation even in situations where the
anatomy of the left ventricle is not changed.
It has been shown that slowed conduction
due to fibrosis could also lead to an increase
in QRS voltage, not necessarily associated
with increased LV mass.’ In fact, when LVH is
evaluated simultaneously by ECG and echo,
discrepancies between ECG-based LVH and
echo-based LVH are observed in a certain
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4444 patients undergone TTE and ECG
(January 2013-December 2013, Kitano hospital)

—'l Pacemaker placement (N=173) I

—>|With QRS duration 2 120ms (N=531) |

o |Without ECG and/or Echo data regarding LVH (N=11)
¥ | No data about follow up (N=1)

el | Cardiomyopathy (N=197) |

»IModerate to severe valvular disease (N=319) I

Study population
3212 patients with available data

Figure 1 Patient flowchart. LVH, left ventricular
hypertrophy; TTE, transthoracic echocardiography.

No LVH

N=2516, 78.3%

proportion of patients. However, there is a scarcity of data
regarding the prognostic implication of the discrepant
pattern, such as with echo-based LVH without ECG-based
LVH and with ECG-based LVH without echo-based LVH."
Thus, we aimed to characterise these patients and test the
hypothesis that patients with discrepant patterns, such
as echo-based LVH without ECG-based LVH and ECG-
based LVH without echo-based LVH have worse clinical
outcomes than those without LVH in a hospital-based
population in Japan.

METHODS

Study design, setting and population

We retrospectively analysed 4444 patients who had under-
gone simultaneous scheduled transthoracic echo and
ECG at Kitano Hospital in 2013 at the physician’s discre-
tion. Both outpatients and inpatients were included in
the study. A flowchart of the study population is shown
in figure 1. We excluded 1232 patients with pacemaker
placement (N=173), QRS duration 2120 ms (N=531), no
ECG and/or echo data regarding LVH (N=11), no data
regarding follow-up (N=1), cardiomyopathy (N=197) and
moderate to severe valvular disease (ie, aortic stenosis,
aortic regurgitation, mitral stenosis, mitral regurgitation
and tricuspid regurgitation, N=319). The study popula-
tion comprised 3212 patients, who were categorised into
four groups: patients with both ECG-based and echo-
based LVH, those with only echo-based LVH, those with
only ECG-based LVH and those with no LVH (those
without ECG-based or echo-based LVH).

Ethics

The requirement for informed consent was waived by
the institutional review board of Kitano Hospital because
of the retrospective study design.” ® We disclosed the
details of the present study to the public as an opt-out
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method and clearly informed patients of their right to
refuse enrolment. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki, as
reflected in a priori approval by the institution’s Human
Research Committee. Patient records and information
were anonymised and deidentified prior to the analysis.

Definitions of ECG-and echo-based LVH and data collection
ECG was measured at a paper speed of 25 mm/s, at a
gain of 10 mm/mV (or 5 mm/mV), using ECG devices
including QRS duration and axis, PR interval, QT interval
and heart rate (ECG data management system EFS-8800,
Fukuda Denshi, Tokyo). All ECG data were calculated
using ECG computer software. QRS duration was meas-
ured automatically to the nearest 1 ms and QRS ampli-
tude to the nearest 10 pV. Cornell voltage was measured
as SV +RaVL.” '’ Cornell product was calculated as the
product of QRS duration times Cornell voltage in men
and the product of QRS duration times Cornell voltage
plus 6 mm in women, and ECG criteria for LVH using the
Cornell product were defined as >2440 mm - ms.""™"” We
performed the additional analysis using two additional
LVH criteria. The criteria for LVH in Cornell voltage were
defined as >2.8 mV (28 mm) in men and >2.0 mV (20
mm) in women.? '’ Sokolow-Lyon voltage was measured
as SV1 +RVbH or RV6, and criteria for LVH were defined
as 23.5 mV (35 mm).’

Using the transthoracic echo database, we extracted
data regarding wall thickness, LV diastolic dimension,
LV systolic dimension, left atrial dimension, left atrial
volume index (LAVI), LV ejection fraction (LVEF), trans-
mitral flow, tissue Doppler imaging, valvular status and
body mass index (BMI).”® '*'® Based on the transtho-
racic echo data along with the catheter suite database,
we identified patients with previous myocardial infarction
or structural heart disease. Echocardiographic LVH was
reported in the final echo report via standard calcula-
tion from measurements made by a technician. LV mass
index (LVMI) and relative wall thickness (RWT) were
calculated using the formula recommended by the Amer-
ican Society of Echocardiography.' Echocardiographic
LVH was defined as a high LVMI: LVMI >115 g/m” for
men and >95 g/m” for women. High RWT was defined
as RWT >0.42. High LAVI was defined as LAVI>34 mL/
m®” LVEF was measured using the Teichholz or modified
Simpson’s rule methods. All transthoracic echo measure-
ments were performed using an average of at least three
cardiac cycles.

We also extracted patient information from the elec-
tronic medical records at our institution, including age,
sex and type of disease (ie, ischaemic heart disease, Inter-
national Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes 120,
121, 122, 123, 124 and I25; hypertension, ICD-10 codes
110, 111, 112, 113, 114 and I15; dyslipidaemia, ICD-10
code E78; diabetes mellitus, ICD-10 codes E10, E11, E12,
E13 and E14 and chronic kidney disease, ICD-10 code
N18).”® Follow-up data from serial clinic visits until June
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2017 were also retrospectively collected from the elec-
tronic medical records.

Outcome measures

The primary outcome was a composite of all-cause
death or major adverse cardiovascular events (MACE),
defined as acute heart failure, acute myocardial infarc-
tion, unstable angina pectoris, cerebral infarction, cere-
bral haemorrhage and emerging aorta and peripheral
vascular disease, including treatment for aortic aneu-
rysm, all of which required unplanned hospitalisation.
The secondary outcomes were all-cause death and MACE,
respectively.7 ®

Statistical analysis

Categorical variables are presented as numbers with
percentages and were compared using the %* test.
Continuous variables are expressed as means with SD
and were compared using one-way analysis of variance.
We compared the patient characteristics and 3-year clin-
ical outcomes among the four groups (no LVH (refer-
ence), those with only ECG-based LVH, those with only
echo-based LVH and those with both ECG-based and
echo-based LVH). The cumulative incidences of clinical
events were estimated using the Kaplan-Meier method,
and intergroup differences were assessed using log-rank
tests. Multivariable Cox proportional hazards models
were used to estimate the risk of primary and secondary
outcomes associated with the four groups. The model
also included the following 10 clinically relevant covar-
iates: age as a continuous variable, sex, BMI>25 kg/ mQ,
diabetes, hypertension, dyslipidaemia, ischaemic heart
disease, chronic kidney disease, atrial fibrillation and
LVEF <50%. The results were expressed as HRs and 95%
CIs. We also performed the subgroup analysis for the
primary outcome measure stratified by ischaemic heart
disease, chronic kidney disease, LAVI and RWT. We eval-
uated the interactions between the subgroup factors and
the effects of LVH groups to the no LVH on the primary
outcome measure. In the sensitivity analysis, we changed
the variables BMI and LVEF as the continuous variable in
the multivariable Cox proportional hazard models. In the
additional analyses, we used two classifications regarding
Cornell voltage and Sokolow-Lyon voltage for ECG-based
LVH. All statistical analyses were performed by physicians
(YS and TK) using JMP V.15 (SAS Institute, Cary, North
Carolina, USA). All reported p values were two tailed,
and the level of statistical significance was set at p<0.05.

RESULTS

Baseline clinical characteristics

The study population was categorised into four groups:
patients with both ECG-based and echo-based LVH
(N=131, 4.1 %), those with only echo-based LVH (N=156,
4.9 %), those with only ECG-based LVH (N=409, 12.7 %)
and those without ECG-based or echo-based LVH (refer-
ence: N=2516, 78.3 %) (figure 1). The baseline charac-
teristics are presented in table 1. Patients with ECG-based

and/or echo-based LVH were older and more likely to
have diabetes, hypertension, dyslipidaemia, ischaemic
heart disease and chronic kidney disease. On echocardi-
ographic findings, those with ECG-based and/or echo-
based LVH had a high LVMI, high LAVI, a greater left
LV dimension and RWT and a decreased LVEF (table 1);
however, the magnitude was lower in those with only
ECG-based LVH.

Clinical outcomes

The median follow-up duration was 1268 (IQR: 404-1456)
days, with a 79.7% follow-up rate at 1 year. The cumulative
3-year incidences of the primary outcome measure were
32.0%, 33.8%, 19.2% and 15.7%, respectively (log-rank
p<0.001) (figure 2A). After adjusting for confounders,
the excess risk of primary outcome measure remained
significant in patients with both ECG-based and echo-
based LVH (HR 1.63; 95 % CI 1.16 to 2.28; p=0.005) and
in those with only echo-based LVH (HR 1.68; 95% CI 1.23
to 2.30; p=0.001) relative to the no LVH group, while the
excess risk of primary outcome measure was not signifi-
cantin those with only ECG-based LVH (HR 1.09; 95 % CI
0.85 to 1.41; p=0.49) (table 2). Although the cumulative
3-year incidences of all-cause death and the adjusted risk
were not different among the four groups (figure 2B and
table 2), the trend in MACE was fully consistent with the
primary outcome measures (figure 2C and table 2). The
description of MACE (types of events and number) and
the event rate of each MACE component were presented
in online supplemental table 1). In the sensitivity anal-
ysis using BMI and LVEF as the continuous variable in
the multivariable Cox proportional hazard models, the
trends of the primary and secondary endpoints were fully
consistent with the main analysis (online supplemental
table 2). In the subgroup analyses, there were no signif-
icant interactions between the subgroup factors such as
ischaemic heart disease, chronic kidney disease, LAVI,
and RWT and the effect of LVH groups to the no LVH
on the primary outcome measure (online supplemental
figure 1).

Additional analyses: Gornell voltage and Sokolow-Lyon
voltage as ECG criteria

When we used the Cornell voltage as the ECG criteria
for LVH (online supplemental table 3), the Kaplan-
Meier curves were mostly consistent with the main anal-
ysis (online supplemental figure 2A). After adjusting for
confounders, the risk of those with both ECG-based and
echo-based LVH and only echo-based LVH remained
significant for the primary outcome measure (online
supplemental table 4). When we used the Sokolow-Lyon
voltage as the ECG criteria for LVH (online supplemental
table 5), the Kaplan-Meier curves were mostly consistent
with the main analysis (online supplemental figure 2B).
After adjusting for confounders, the risk of those with
both ECG-based and Echo-based LVH and only Echo-
based LVH remained significant for the primary outcome
measure (online supplemental table 6).
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Table 1 Clinical, ECG and echo characteristics
Both ECG-
based and Only echo- Only
Total echo-based based LVH ECG-based No LVH
(n=3212) LVH (n=131) (n=156) LVH (n=409) (n=2516) Pvalue TotalN
Clinical characteristics
Age, years* 64.5+15.9 68.4+13.7 70.6+13.1 66.9+14.2 63.6+16.3 <0.001 3212
>70 years 1371 (42.7) 67 (51.1) 92 (59.0) 201 (49.1) 1011 (40.2) <0.001 3212
Women* 1512 (47.0) 77 (58.8) 81(51.9) 201 (49.1) 1153 (45.8) 0.01 3212
BMI kg/m? 23.2+4.2 23.6+4.8 23.8+5.2 23.5+4.5 23.1+4.0 0.054 3202
>25 kg/m?* 915 (28.6) 42 (32.1) 58 (37.2) 135 (33.1) 680 (27.1) 0.004 3202
Diabetes* 983 (30.6) 54 (41.2) 67 (42.9) 147 (35.9) 715 (28.4) <0.001 3212
Hypertension* 1771 (55.1) 115 (87.8) 119 (76.3) 257 (62.8) 1280 (50.9) <0.001 3212
Dyslipidaemia* 941 (29.3) 58 (44.3) 60 (38.5) 138 (33.7) 685 (27.2) <0.001 3212
Ischaemic heart 979 (30.5) 63 (48.1) 64 (41.0) 125 (30.6) 727 (28.9) <0.001 3212
disease*
Chronic kidney 449 (14.0) 49 (37.4) 51 (32.7) 64 (15.7) 285 (11.3) <0.001 3212
disease*
Atrial fibrillation* 267 (8.3) 15(11.5) 14 (9.0) 38(9.3) 200 (7.9) 0.43 3212
ECG characteristics
Heart rate, bpm  71.6+15.6 73.8+15.7 70.9+16.3 72.5+17.9 71.4+151 0.18 3212
QRS duration 96.6+9.0 104.3+8.3 96.8+9.0 102.2+8.2 95.2+8.6 <0.001 3212
Sokolow-Lyon 472 (14.7) 57 (43.5) 48 (30.8) 114 (27.9) 253 (10.1) <0.001
voltage LVH
Cornell voltage, ~ 15.8+7.1 28.1+8.0 15.5+4.7 25.6+5.3 13.6+5.1 <0.001 3212
mm
Cornell voltage LVH 367 (11.4) 95 (72.5) 6 (3.8) 237 (57.9) 29(1.2) <0.001
Cornell product,  1811.9+744.6 3297.9+843.7 1793.1+449.5 2917.6+516.7 1556.0+485.7 <0.001 3212
mm+ ms
Echo characteristics
LVDd, cm 4.65+0.55 5.22+0.63 5.23+0.67 4.67+0.52 4.58+0.50 <0.001 3212
LVDs, cm 3.10+0.50 3.70+0.77 3.61+0.71 3.12+0.49 3.04+0.42 <0.001 3212
IVSTd, cm 0.81+0.15 1.01+0.18 0.99+0.16 0.83+0.14 0.78+0.13 <0.001 3212
LVPWd, cm 0.79+0.14 0.98+0.18 0.96+0.15 0.82+0.13 0.77+0.12 <0.001 3212
RWT 0.34+0.07 0.38+0.09 0.38+0.09 0.36+0.07 0.34+0.06 <0.001 3212
>0.42 370 (11.5) 39 (29.8) 38 (24.4) 62 (15.2) 231 (9.2 <0.001 3212
LVMI, g/m? 75.4+21.7 122.7+23.6 118.7+17.2 78.9+15.8 69.7+15.7 <0.001 3212
LAD, cm 3.48+0.64 3.96+0.62 3.98+0.74 3.59+0.66 3.41+0.61 <0.001 3210
LAVI, mL/m? 22.2+10.6 32.4+13.6 32.3+17.2 24,0+11.1 20.8+9.1 <0.001 2901
>34 mL/m? 293 (10.1) 39(33.3) 46 (33.8) 47 (12.9) 161 (7.1) <0.001 2901
EF, % 61.9+7.0 55.7+12.1 57.5+10.9 61.8+7.7 62.5+5.8 <0.001 3212
<50 %* 185 (5.8) 33(25.2) 31(19.9) 27 (6.6) 94 (3.7) <0.001 3212

Comparisons among four groups were performed using the 2 test for categorical variables, and one-way analysis of variance for continuous
variables. Values are number (%), mean+SD

ECG criteria for LVH was defined as the Cornell product >2440 mm - ms.

*Potential risk-adjusting variables selected for cox proportional hazard model.

BMI, body mass index; EF, ejection fraction; HR, heart rate; IVSTd, diastolic interventricular septal wall thickness; LAVI, left atrial volume
index; LVDd, left ventricular diastolic dimension; LVDs, left ventricular systolic dimension; LVH, left ventricular hypertrophy; LVMI, left
ventricular mass index; LVPWd, diastolic left ventricular posterior wall thickness; ; RWT, relative wall thickness.
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Figure 2 Cumulative incidence of the primary outcome measure (a composite of all-cause death or MACE) and secondary
outcomes measure (all cause death, MACE). (A) a composite of all-cause death or MACE, (B) all-cause death, (C) MACE. LVH,
left ventricular hypertrophy; MACE, major adverse cardiovascular event.

DISCUSSION

The results of this study illustrated that (1) a substantial
proportion of patients diagnosed with no LVH based on
ECG criteria had an echo-based LVH, and those with
only echo-based LVH were older and more likely to
have chronic kidney disease and a higher LAVI, (2) the
outcomes in patients with only echo-based LVH, as well
as those with both ECG-based and echo-based LVH, were
worse than those in patients without LVH and 3) the risk
in patients with ECG-based LVH without echo-based LVH
was numerically high; however, after adjustment, the risk
became insignificant.

Due to the larger sample size than that in a previous
report,” we can show the stepwise increase in cumulative
incidence among ECG-based and/or echo-based LVH.
Echo-based LVH is an established marker for cardiovas-
cular events in the general population and in patients
with cardiovascular diseases.” * Although ECG-based
LVH criteria have limited sensitivity for detecting actual
myocardial hypertrophy,” these markers based on QRS
amplitude have good specificity for physiological LVH.
In fact, previous studies have shown that ECG-based
LVH is a strong predictor of cardiovascular mortality
and morbidity." > * However, it has been shown that
the anatomy of the left ventricle in LVH is not the only
determinant of QRS amplitude, the key feature on which
almost all ECG-LVH criteria depend on.*' * Slowed
conduction due to changes in the sequence of ventricular

activation, such as fibrosis, could lead to ECG-based LVH
even in situations where the anatomy of the left ventricle
is not changed. When we evaluated ECG-based LVH
and echo-based LVH simultaneously, the event rate was
highest in patients with only echo-based LVH, followed
by those with both ECG- and echo-based LVH, those with
only ECG-based LVH and those without ECG-based or
echo-based LVH.

Recent studies reported that MRI improves the diag-
nostic accuracy of ECG-LVH.”*! Bacharova et al reported
a discrepancy between LVH on MRI and electrocardio-
graphic hypertrophy.” They reported that both ECG-
based and MRI-based LVH and only MRI-based LVH
showed a strong association with incident CVD events
compared with patients without LVH. Our results were
consistent with those of previous studies in which LVH
found only by imaging was associated with worse clinical
outcomes. Structural and functional information of the
heart can be detected more easily using echo than by
MRI. Further studies are needed to determine the differ-
ence in the accuracy of detecting LVH between echo and
MRI.

In the present study, the prognosis of patients who
had echo-based LVH but not ECG-based LVH was clearly
highlighted. There are several possible reasons for the
poor outcomes in these patients. First, the loss of healthy
myocardium is a known cause of low QRS voltage.
Myocardial ischemia, increased myocardial fibrosis and
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Heart failure and cardiomyopathies

the accumulation of amyloid protein, all of which are
accompanied by advanced age and restrictive physiology,
are suggested mechanisms of the relatively low voltage of
ECG, which indicates myocardial damage.”*™ Patients
with only echo-based LVH were characterised as having
advanced age with almost normal LVEF. Although the
detailed pathophysiology could not be assessed due to
the retrospective nature of the present study, the above-
mentioned involvement of ischemia, fibrosis and cardiac
amyloidosis should be considered as a differential diag-
nosis. Second, increased electrical resistance due to air-
filled bullae is also one of the contributors to reduced
QRS voltage in emphysema.””* The main cause of emphy-
sema is smoking, which is also a risk factor for cardiovas-
cular diseases. Altogether, the outcomes of patients with
only echo-based LVH were worse than those with both
ECG-based and echo-based LVH.

The prognostic value of ECG-based LVH, but not
echo-based LVH, was neutral in the present study. ECG
provides unique information on the electric field of the
heart and not the information of the LV size/dimensions.
Patients with ECG-based LVH, but not echo-based LVH,
had similar echocardiographic and clinical characteristics
to patients in the no LVH group. These patients had less
cardiac damage, such as cardiac chamber enlargement
and cardiac dysfunction, and fewer comorbidities than
those with echo-based LVH. Consequently, patients with
ECG-based LVH alone were not associated with the 3-year
worse outcomes. However, whether ECG-based LVH and
non-LVH groups have comparable long-term prognoses
remains to be elucidated.

The ratio of patients who had ECG-based LVH but
not echo-based LVH was higher than that in a previous
study.” This is likely related to the habitus of the Japa-
nese population. Other possible reasons for the result
include different backgrounds such as racial difference
and the fact that the population of our study includes
various situation’s echocardiography such as in outpa-
tients, preoperative patients and inpatients. When we
used ECG to detect echo-based LVH as a gold standard,
the sensitivity and specificity varied among the calcula-
tion methods.” * ** To generalise these findings, more
prospective studies in the general population or in
studies that search for a more targeted population are
warranted. In clinical settings, when we see the mismatch
between ECG-based LVH and echo-based LVH, the
underlying mechanism that causes the mismatch would
be investigated thoroughly in order to understand and
treat the pathophysiologic condition in each patient.

Limitations

This study has several limitations. First, ECG and tran-
sthoracic echocardiograms were ordered at the discre-
tion of the treating physician, with no standardised
indications.”® Second, patient data were extracted from
their electronic medical records, which resulted in a low
follow-up rate, especially at 3 years. In addition, infor-
mation on the symptoms was not included. Thus, we

had no data regarding the proportion of patients with
symptomatic heart failure. Third, this was a single-centre
study performed in Japan; thus, selection bias cannot be
excluded despite the large sample size. Fourth, we did
not have the data about the presence of a strain pattern
at the ECG. Finally, unmeasured confounders affecting
prognosis remain.

CONCLUSIONS

Echo-based LVH without ECG-based LLVH was associated
with a higher risk of adverse clinical outcomes, and the
risk was comparable to that in patients with both echo-
based and ECG-based LVH in a hospital-based patient in

Japan.
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