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Electrocardiographic left ventricular hypertrophy (ECG
LVH), traditionally evaluated using the Sokolow-Lyon (SL)
voltage combination or the Cornell voltage-duration product
(CP), is an independent predictor of cardiovascular mor-
bidity and mortality. The combination of these two ECG
approaches as well as the inclusion of the strain pattern may
further improve risk stratification [1, 2]. Therefore, despite
the substantial discordance with echocardiographically-
defined LVH, ECG LVH is considered a prognostically
important tool [3]. Indeed, the recently published 2018
European Society of Cardiology / European Society of
Hypertension (ESC/ESH) guidelines on arterial hyperten-
sion recommend a 12-lead ECG for all patients with
hypertension and include LVH defined as an SL voltage
combination >35mm, or R in a VL >11 mm, or as a CP
>2440 mm x ms, or Cornell voltage >28 mm in men or >20
mm in women as a criterion for hypertension-mediated
organ damage [2]. Conversely, evaluation of cardiac
structure and function using transthoracic echocardiography
is only recommended if the obtained information is likely to
affect treatment decisions [2]. Moreover, the ability of the
ECG to provide information on LV function is not clearly
established.

The cross-sectional study by Ishikawa et al. expands our
knowledge on the relationships between ECG LVH and
echocardiographically-determined LV structural and, in
particular, functional measures [4]. In a cohort of 288
consecutive outpatients with hypertension, the investigators
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found comparable and significant associations between left
ventricular mass index (LVMI) and SL, LVMI and CP, and
LVMI and Cornell voltage. They further demonstrated
significant associations between ECG LVH and echo-
cardiographic LV strain measures. Notably, there were
modest, but significant correlations between global long-
itudinal strain (GLS) and SL (r=0.13, P=0.03) and
between GLS and CP (r=10.28, P <0.001), as well as GLS
and Cornell voltage (r=0.25, P<0.001). Significant
associations were also seen between the inner-to-outer ratio
of circumferential strain (CS) and CP and between CS and
Cornell voltage, but not between CS and SL. Finally, no
significant associations were detected for radial strain (RS).
The main findings are summarized in Fig. 1.

The relationships were further evaluated in multivariable
linear regression models, using the echocardiographic
parameters as the dependent variables and SL, CP, and
other important covariates as independent variables. Using
this approach, the authors found that GLS was significantly
associated with either CP (standardized beta 0.24, P =
0.002) or Cornell voltage (standardized beta 0.21, P =
0.008), but not with SL (P> 0.05). Considering CS, only
Cornell voltage remained significant.

These ECG-derived measures (SL and the two Cornell
variables) appear to provide unique information regarding
LV structure and function. They have distinct sensitivities
and specificities for echocardiographic LVH, their associa-
tion with echocardiographic LVH is affected by different
constitutional risk factors, and they complement each other
with respect to risk prediction [1, 3]. The authors’ use of the
modified SL criterion (>38 mm) and possibly, the female
correction factor of 6 mm instead of 8 mm for CP, might
have influenced the diagnostic accuracy of the ECG, given
that these thresholds were derived from the Losartan
Intervention For Endpoint (LIFE) Reduction in Hyperten-
sion Study, in which baseline blood pressures were sub-
stantially higher than in the present study [5]. Furthermore,
given the testing of multiple associations, the findings are to
be considered hypothesis-generating.
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Fig. 1 Correlation coefficients between ECG and echocardiographic
variables in the study by Ishikawa et al. [4]. CP Cornell voltage-
duration product; CV Cornell voltage; SL Sokolow-Lyon voltage
combination
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Myocardial deformation imaging, particularly when
based on speckle tracking, has gained considerable attention
over the last decade. Due to the semi-automatic techniques
employed, the intra- and inter-observer variabilities in
assessing LV function are low when compared with con-
ventional echocardiographic measures like ejection fraction
[6]. GLS, typically calculated as the average of the seg-
mental shortening of the myocardium relative to its original
length, has important independent and incremental prog-
nostic implications, which have been demonstrated in a
variety of settings, including the general population [7].

In the Copenhagen City Heart Study, GLS predicted a
composite of heart failure, acute myocardial infarction, and
cardiovascular death in men, but not in women [7].
Therefore, a future sex-stratified analysis of ECG LVH and
GLS would be desirable. Further considering the fact that
sex may modify the correlation between ECG and echo-
cardiographic LVH according to the ECG criteria
employed, it is possible that the individual associations
between GLS and CP and between GLS and SL differ
between men and women [3]. Given the findings from the
Malmo  Preventive Project Re-Examination Study, these
associations could also be affected by age [3]. In another
study of elderly Swedish men, LVH assessed by ECG and
echocardiography predicted total and cardiovascular mor-
tality independently of each other [8]. The relevant question
thus arises whether ECG LVH fully captures the risk sig-
nified by GLS and other novel echocardiographic

parameters; this could result in a more cost-effective way of
approaching patients with otherwise uncomplicated hyper-
tension [2]. However, intuitively, this is unlikely to be the
case as the correlations between ECG LVH and strain
parameters were at best moderate, and the latter are very
sensitive markers of LV function [4].

In summary, the observed associations between ECG
markers of LVH and echocardiographic strain parameters
are of great interest. In light of the well-known positive
impact of ECG LVH regression during antihypertensive
treatment on cardiovascular events, future studies should
assess how LVH regression is correlated with longitudinal
improvements in myocardial strain and other functional
parameters [9, 10]. Studies elucidating the temporal asso-
ciation between ECG LVH with impaired GLS as well as
ejection fraction are also needed. Finally, differing criteria
for hypertension in Europe and North America may intro-
duce varying prevalence and prognostic estimates of
adverse ECG and echocardiographic findings among
patients with and without hypertension [11]. Ishikawa et al.
advance our understanding of cheap and widely accessible
measures to characterize LV function to meet the growing
global burden of hypertension.
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