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Is Electrocardiography-Left Ventricular Hypertrophy an
Obsolete Marker for Determining Heart Failure Risk With

Hypertension?
Keith C. Ferdinand, MD; Carola Maraboto, MD

ypertension is a major risk factor for heart failure (HF),

preceding it in 75% of patients, and present in 60% to
89% of people with HF with preserved ejection fraction,
perhaps representing the main causative factor.' Left ven-
tricular hypertrophy (LVH), an increase in left ventricular mass
(LVM), is an adaptive response proven to be a strong marker
of cardiovascular disease (CVD) morbidity, including HF, and
mortality.’

Since the development of electrocardiography (ECG), this
ubiquitous, low-cost test is utilized in most patients with
hypertension undergoing health assessments. Nonetheless,
to confirm hypertension-related LVH, costlier echocardiogra-
phy is now widely available and, for most providers, the
technique of choice. Moreover, cardiac magnetic resonance
(CMR) is now the criterion standard for LVM measurement,
providing excellent quality and quantification. These multiple
tools, however, demonstrate a weak correlation, and present-
day US health plans may require time-consuming prior
authorization processes as cost-saving measures, undermin-
ing the utility of CMR and echocardiography.

Regardless of the utilized method, LVH is associated with
increased CVD outcomes, although the specific linkage from
hypertension and LVH to HF is not well elucidated. In this
issue of the Journal of the American Heart Associaton (JAHA),
Johnson et al? analyzed the largest randomized hypertension
outcomes trial, ALLHAT (The Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial),® to reveal
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the relationship between ECG-LVH, blood pressure (BP)
lowering, and incident HF, noting the superiority of
chlorthalidone for BP control and reducing HF incidence.
Strengths of this report include a large, diverse cohort, and
well-validated techniques. It comprised 29 892 subjects with
hypertension, including 32% blacks, randomized to chlorthali-
done, doxazosin, amlodipine, or lisinopril. Blinded reviewers
determined ECG-LVH using the Minnesota code classifica-
tion, Cornell voltage, Cornell product, Sokolow-Lyon, sum of
12 leads, and 12 leads product; serial changes were
identified by a computer algorithm and confirmed visually.
Inclusion of multiple ECG criteria probably increased the
sensitivity. A potential limitation is that echo-LVH, despite its
prognostic implications, was not used for follow-up. Inter-
estingly, a U-shaped association of BP lowering and HF was
observed, and evolving ECG-LVH and BP change per se only
explained 4% to 13% of HF prevention, suggesting that
factors beyond these elements were behind the beneficial
chlorthalidone effects.

Considering that ECG-LVH changes did not explain most of
the chlorthalidone benefits preventing HF, an essential
question is whether ECG-LVH retains its utility as a risk
marker or is now obsolete. First of all, ECG-LVH has limited
sensitivity, particularly among obese patients,* and decreased
specificity, especially in some racial/ethnic groups, as in
blacks, displaying increased voltage.” Nonetheless, ECG-LVH
may unmask an abnormal electrophysiological substrate,
associated with mortality and incident HF. In ALLHAT,
chlorthalidone, amlodipine, and lisinopril were associated
with similar small reductions in mean Cornell voltage,
indicating that risk reductions with chlorthalidone cannot be
attributed to improvement in ECG-LVH.® However, a subse-
quent analysis found that ECG-LVH was associated with 29%
to 98% increased risk of all-cause mortality, myocardial
infarction, coronary heart disease, stroke, and HF.” Similarly,
in the LIFE (Losartan Intervention for Endpoint Reduction)
study of hypertensive individuals with ECG-LVH, Cornell
product and Sokolow-Lyon criteria separately predicted
increased cardiovascular risk. A post-hoc analysis revealed
that ECG-LVH by both criteria was associated with >3-fold

DOI: 10.1161/JAHA.119.012457

Journal of the American Heart Association 1


mailto:
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

ECG-LVH as a Marker for Heart Failure Risk Ferdinand and Maraboto

increased risk of myocardial infarction, stroke, cardiovascular
mortality, and all-cause mortality, suggesting that combining
criteria concentrates the risk.®

Echocardiography has higher sensitivity than ECG in
identifying LVH. Currently, LVM evaluation has moved from
M-mode to 2D-ECG because of easier acquisition and lower
variability. Noted drawbacks, though, are the need for
adequate windows and dependence on geometrical assump-
tions. Real-time 3D-imaging is more reliable, although depen-
dent on equipment availability and image quality.

CMR offers several advantages, including obtaining precise
measurements without geometric assumptions. In 1 analysis
including 4748 participants from MESA (Multi-Ethnic Study of
Atherosclerosis), CMR- and ECG-LVH were present in 10.5%
and 6.7%, respectively. ECG-LVH alone was predictive of CVD
events, but LVH on both ECG and CMR had the strongest
link.” Furthermore, in another analysis from the same cohort,
both ECG-LVH and CMR-LVH were predictive of HF, and CMR-
LVH improved the predictive ability of a model similar to the
Framingham Heart Failure Risk Score.'

Therefore, ECG-LVH and imaging-LVH are different entities
with common underlying pathophysiology, but independent
prognostic value, supported by a genome-wide linkage
analysis in families with hypertension revealing stronger
genetic signals for ECG-LVH than echo-LVH.'" Potentially, an
abnormal electrical substrate eventually translates in factors
that may determine subsequent HF: increased myocardial
tension, neurohumoral/biochemical changes, slowed conduc-
tion, and altered ventricular activation with regional wall
motion abnormalities.

Based on the preponderance of the evidence, modern
clinicians should not abandon ECG-LVH as an outcome
prediction tool, despite displaying modest accuracy diag-
nosing anatomic-LVH. Only validated criteria should be used
and, although no single measurement can be recom-
mended, combination of these has been shown to increase
sensitivity. Going forward, use of criteria incorporating
repolarization abnormalities should be encouraged, like the
Rombhilt-Estes score or the Framingham score, indicating
higher risk for incident CVD than assessment based solely
on increased ORS amplitudes. Likewise, other variables (eg,
P-wave indexes) may help clarify the discrepancy between
ECG-LVH and imaging-LVH. In addition, optimal evaluation
should be adjusted for factors known to alter accuracy
(sex, race, body habitus), and the diagnosis of LVH in the
presence of left bundle branch block should be made with
caution.'?

It is important to contemplate how these key concepts
affect practicing clinicians. The current American College of
Cardiology/American Heart Association guideline for man-
agement of hypertension recommends a target BP of <130/
80 mm Hg for those at increased risk or with HF." Also,

based on conclusions from ALLHAT,® thiazide-type diuretics
are recommended as first-line agents.1 Nevertheless, if
thiazide-type diuretics are to be considered superior to
reduce, specifically, new-onset HF, the question to be
addressed is whether this is indeed a class quality. The
mechanism by which chlorthalidone lowers BP is obscure, but
likely related to extracellular fluid contraction, followed by
inhibition of carbonic anhydrase leading to vasodilation;
additionally, chlorthalidone reduces pulse-wave velocity, a
measure of aortic stiffness and marker of cardiovascular
events.'® On the other hand, hydrochlorothiazide is undoubt-
edly the most widely used thiazide for hypertension, often
perceived as a safer option for metabolic derangements.
Despite lack of head-to-head trials, a systematic review found
a 23% risk reduction in HF for chlorthalidone versus
hydrochlorothiazide, and 21% reduction in CVD events. '
Moreover, indapamide, also underutilized, appears to share
some of the superior effectiveness for BP reduction and CVD
outcome reduction compared with hydrochlorothiazide.'®

Additionally, LVM is associated with body size, tobacco
use, and diabetes mellitus,’ with LVH being highly prevalent
among diabetics, even normotensive individuals. Future
considerations for approaching LVH may include the
sodium-glucose cotransporter-2 inhibitors,'® since empagli-
flozin use in diabetics with atherosclerotic CVD demonstrated
an impressive 38% and 35% reduction in cardiovascular
mortality and HF hospitalization, respectively.'” Although the
mechanisms behind these striking results remain unclear, 1
proposed pathway is regression of LVH through reduction in
preload, afterload, and weight. An ongoing study seeks to
explore this, examining changes in LVM by CMR in diabetics
with LVH randomized to dapaglifiozin versus placebo.'®

Notably, both ECG-LVH and anatomical LVH are tied to
increased CVD risk; hence, prevention and treatment of either
form is expected to have a positive impact. A substudy from
LIFE demonstrated that regression of LVH by Cornell product,
Sokolow-Lyon voltage, or ECG strain during antihypertensive
treatment was associated with better prognosis, independent
of traditional risk factors and BP reduction.'® Furthermore, in
SPRINT (Systolic Blood Pressure Intervention Trial),19 includ-
ing 8164 individuals with hypertension without diabetes
mellitus, the intensive control arm had 46% lower risk of
developing ECG-LVH, and they were more likely to have
regression of this entity. The beneficial effects on LVH in the
intensive control group agree with the results of improved
CVD outcomes; nevertheless, they did not wholly explain the
reduction in CVD events.

The results from Johnson et al? offer new insights indicat-
ing how much we still do not understand about the complex
underlying pathophysiology leading to HF and the importance
of addressing not only BP control, but also other potential
contributors to HF. At this time, routine imaging evaluation of
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LVH is not recommended because of limited data on the cost-
effectiveness for risk classification and management'; in fact,
routine evaluation of hypertension with echocardiogram
received a score of 3 on the Appropriate Use Criteria from
2011, considering it inappropriate.?® Contrarily, imaging can
be helpful in young individuals, those with secondary hyper-
tension, uncontrolled hypertension, or HF symptoms.’

For curtailing the persistent morbidity and mortality
because of uncontrolled hypertension, the most prevalent
and potent CVD risk factor, some questions related to LVH
determination remain unanswered. Future research should
help clarify whether beyond ECG-LVH measurements,
screening for LVH with echocardiogram, or even CMR, in
patients with hypertension is useful, how we can adjust for
factors that affect accuracy, and what is the best way and
time to follow up and approach these patients therapeu-
tically.

Disclosures

Dr Ferdinand has served as a consultant for Amgen, Sanofi,
Boehringer Ingelheim, Novartis, Quantum Genomics, and
Janssen. Dr Maraboto has no disclosures to report.

References

1. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison
Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, MacLaughlin
EJ, Muntner P, Ovbiagele B, Smith SC Jr, Spencer CC, Stafford RS, Taler SJ,
Thomas RJ, Williams KA Sr, Williamson JD, Wright JT Jr. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high blood pressure
in adults: a Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. Hypertension. 2018;71:
e13-e115.

2. Johnson K, Oparil S, Davis BR, Tereshchenko LG. Prevention of heart failure in
hypertension—disentangling the role of evolving left ventricular hypertrophy
and blood pressure lowering: the ALLHAT study. / Am Heart Assoc. 2019;8:
e011961. DOI: 10.1161/JAHA.119.011961.

3. The ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research
Group. Major outcomes in high-risk hypertensive patients randomized to
angiotensin-converting enzyme inhibitor or calcium channel blocker vs
diuretic: the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT). JAMA. 2002;288:2981-2997.

4. Norman JE Jr, Levy D, Campbell G, Bailey JJ. Improved detection of
echocardiographic left ventricular hypertrophy using a new electrocardio-
graphic algorithm. / Am Coll Cardiol. 1993;21:1680—-1686.

5. Vitelli LL, Crow RS, Shahar E, Hutchinson RG, Rautaharju PM, Folsom AR.
Electrocardiographic findings in a healthy biracial population. Atherosclerosis
Risk in Communities (ARIC) Study Investigators. Am J Cardiol. 1998;81:453—
459.

6. Ernst ME, Davis BR, Soliman EZ, Prineas RJ, Okin PM, Ghosh A, Cushman WC,
Einhorn PT, Oparil S, Grimm RH Jr. Electrocardiographic measures of left
ventricular hypertrophy in the Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial. / Am Soc Hypertens. 2016;10:930-938.e9.

7. Bang CN, Soliman EZ, Simpson LM, Davis BR, Devereux RB, Okin PM.
Electrocardiographic left ventricular hypertrophy predicts cardiovascular

morbidity and mortality in hypertensive patients: the ALLHAT study. Am J
Hypertens. 2017;30:914-922.

8. Okin PM, Hille DA, Kjeldsen SE, Devereux RB. Combining ECG criteria for left
ventricular hypertrophy improves risk prediction in patients with hypertension.
J Am Heart Assoc. 2017;6:e007564. DOI: 10.1161/JAHA.117.007564.

9. Bacharova L, Chen H, Estes EH, Mateasik A, Bluemke DA, Lima JA, Burke GL,
Soliman EZ. Determinants of discrepancies in detection and comparison of the
prognostic significance of left ventricular hypertrophy by electrocardiogram
and cardiac magnetic resonance imaging. Am J Cardiol. 2015;115:515-522.

10. Oseni AO, Qureshi WT, Aimahmoud MF, Bertoni AG, Bluemke DA, Hundley WG,
Lima JA, Herrington DM, Soliman EZ. Left ventricular hypertrophy by ECG
versus cardiac MRI as a predictor for heart failure. Heart. 2017;103:49-54.

11. Mayosi BM, Avery PJ, Farrall M, Keavney B, Watkins H. Genome-wide linkage
analysis of electrocardiographic and echocardiographic left ventricular hyper-
trophy in families with hypertension. Eur Heart J. 2008;29:525-530.

12. Hancock EW, Deal BJ, Mirvis DM, Okin P, Kligfield P, Gettes LS, Bailey JJ,
Childers R, Gorgels A, Josephson M, Kors JA, Macfarlane P, Mason JW, Pahim
O, Rautaharju PM, Surawicz B, van Herpen G, Wagner GS, Wellens H. AHA/
ACCF/HRS recommendations for the standardization and interpretation of the
electrocardiogram: part V: electrocardiogram changes associated with cardiac
chamber hypertrophy: a scientific statement from the American Heart
Association Electrocardiography and Arrhythmias Committee, Council on
Clinical Cardiology; the American College of Cardiology Foundation; and the
Heart Rhythm Society. Endorsed by the International Society for Computerized
Electrocardiology. / Am Coll Cardiol. 2009;53:992—1002.

13. Roush GC, Buddharaju V, Ernst ME, Holford TR. Chlorthalidone: mechanisms of
action and effect on cardiovascular events. Curr Hypertens Rep. 2013;15:514—
521.

14. Roush GC, Holford TR, Guddati AK. Chlorthalidone compared with
hydrochlorothiazide in reducing cardiovascular events: systematic review
and network meta-analyses. Hypertension. 2012;59:1110-1117.

15. Roush GC, Ernst ME, Kostis JB, Tandon S, Sica DA. Head-to-head comparisons
of hydrochlorothiazide with indapamide and chlorthalidone: antihypertensive
and metabolic effects. Hypertension. 2015;65:1041-1046.

16. Brown AJM, Lang C, McCrimmon R, Struthers A. Does dapagliflozin regress left
ventricular hypertrophy in patients with type 2 diabetes? A prospective,
double-blind, randomised, placebo-controlled study. BMC Cardiovasc Disord.
2017;17:229.

17. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M,
Devins T, Johansen OE, Woerle HJ, Broedl UC, Inzucchi SE. Empaglifiozin,
cardiovascular outcomes, and mortality in type 2 diabetes. N Engl / Med.
2015;373:2117-2128.

18. Bang CN, Devereux RB, Okin PM. Regression of electrocardiographic left
ventricular hypertrophy or strain is associated with lower incidence of
cardiovascular morbidity and mortality in hypertensive patients independent of
blood pressure reduction—a LIFE review. J Electrocardiol. 2014;47:630—-635.

19. Soliman EZ, Ambrosius WT, Cushman WC, Zhang ZM, Bates JT, Neyra JA,
Carson TY, Tamariz L, Ghazi L, Cho ME, Shapiro BP, He J, Fine LJ, Lewis CE.
Effect of intensive blood pressure lowering on left ventricular hypertrophy in
patients with hypertension: SPRINT (Systolic Blood Pressure Intervention
Trial). Circulation. 2017;136:440-450.

20. Douglas PS, Garcia MJ, Haines DE, Lai WW, Manning W), Patel AR, Picard MH,
Polk DM, Ragosta M, Parker Ward R, Weiner RB. ACCF/ASE/AHA/ASNC/
HFSA/HRS/SCAI/SCCM/SCCT/SCMR 2011 appropriate use criteria for
echocardiography. A report of the American College of Cardiology Foundation
Appropriate Use Criteria Task Force, American Society of Echocardiography,
American Heart Association, American Society of Nuclear Cardiology, Heart
Failure Society of America, Heart Rhythm Society, Society for Cardiovascular
Angiography and Interventions, Society of Critical Care Medicine, Society of
Cardiovascular Computed Tomography, Society for Cardiovascular Magnetic
Resonance American College of Chest Physicians. / Am Soc Echocardiogr.
2011;24:229-267.

Key Words: Editorials = ECG-LVH < electrocardiography
heart failure = heart failure prevention ¢ hypertension
hypertension management ° left ventricular hypertrophy

DOI: 10.1161/JAHA.119.012457

Journal of the American Heart Association 3

TVIMOLIAH


https://doi.org/10.1161/JAHA.119.011961
https://doi.org/10.1161/JAHA.117.007564

