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4. Rationale:

For the past half century, the electrocardiogram (ECG) has been used as a means of
detecting the development of left ventricular hypertrophy (LVH) in the course of hypertension,
valvular heart disease and other cardiovascular disorders. It has never been very good at this
task, and most of the research over these years has been directed at improving its sensitivity
and specificity in detecting LVH. In recent years, it has been recognized that the ECG features
traditionally used to indicate hypertrophy also have the ability to predict an adverse course and
death from the cardiovascular diseases causing hypertrophy. This ability is independent of the
ability to predict left ventricular (LV) mass.

Many investigators have concluded that the electrical phenomena reflected in the ECG
are not directly related to LV mass, and that further attempts to improve the prediction of LV
mass from features of the ECG should be discontinued in favor of studies of its ability to predict
the course and understand the physiology of the underlying cardiovascular diseases (1). This
opinion is bolstered by the fact that echocardiography and MRI measure LV mass with much
greater precision and reliability, and are now widely available.

In 1968, the lead author of this proposal (Harvey E Estes) developed a point score
system for the diagnosis of LVH from the ECG (Romhilt-Estes Score). The Romhilt-Estes Score
system utilized six features of the ECG, each of which had been previously reported as being
altered with LVH (2). The six features involved all components of the ECG: the P wave (left atrial
enlargement), the QRS complex (amplitude in limb and precordial leads, left axis deviation, QRS
duration, intrinsicoid deflection), and the ST-T wave (ST and T wave altered in a direction
opposite to QRS). This system became widely used internationally as the basis for the ECG
diagnosis of LVH, but as automated interpretation programs became widely available, it has
been replaced by LVH criteria which rely on amplitude of QRS alone or on a combination of QRS
amplitude and duration. These newer LVH criteria are more easily adapted to automated
reading, with little or no sacrifice in sensitivity in the “diagnosis” of LVH.

While this shift from a system utilizing all components of the ECG (the Rombhilt-Estes
score), to those primarily utilizing the amplitude and width of the QRS complex (Sokolow-Lyon
criteria (4) and Cornell Index (5) ) has had few if any negative effects with respect to the clinical
identification of LVH, there is little information about these differing systems of LVH detection
with respect to their prognostic ability. Therefore, we seek to validate and quantitate the
predictive ability of each of the six components of the Romhilt-Estes score as a predictor of all-
cause mortality. Since the components of the Romhilt-Estes score include elements with QRS
amplitude and duration as separate components, we can also determine the independent
prognostic ability of each of these components as prognostic indicators, simulating the Sokolow-
Lyon criteria and the Cornell Index.

Establishing the usefulness of the Romhilt-Estes score as a predictor of a hard outcome
such as death and showing that each component of the score may have different predicative
ability will be further emphasize the growing paradigm shift in thinking of ECG-LVH as more of a
prognostic marker rather than diagnostic tool, and will encourage further research aimed to
modify the current ECG LVH criteria to be tailored towards prognosis rather than diagnosis.

5. Main Hypothesis/Study Questions:

This study aims to examine the association between Romhilt-Estes Point Score, overall as well as
each of its component, with all-cause mortality.



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis, and
any anticipated methodologic limitations or challenges if present).

Study population:

All ARIC participants with good quality baseline ECG data as well as mortality data during follow
up. Non-white and non-black individuals will be excluded. Also, we will exclude participants with
ECG conditions that interfere with appropriate interpretation or calculation of the Romhilt-Estes
score. This includes major ventricular conduction defects (e.g. complete left bundle branch
block) and atrial fibrillation.

Summary of variables of interest:

Covariates: Age, race, sex, education level, study site, body mass index, systolic blood pressure,
diastolic blood pressure, use of antihypertensive medication, total cholesterol, HDL cholesterol,
current smoker, estimated glomerular rate (eGFR), diabetes, and prior coronary heart disease
(CHD), stroke and heart failure.

Exposure variable (s): The components of the Romhilt-Estes score: the amplitude and duration
of the negative portion of the P wave in V1 (left atrial enlargement), the QRS complex
(amplitude in limb and precordial leads, left axis deviation, QRS duration, intrinsicoid
deflection), and the ST-T wave (ST and T wave altered in a direction opposite to QRS).

Outcome: All-cause mortality

Brief Analysis:

Baseline Rombhilt-Estes score will be calculated for all participants. Baseline
characteristics of the analysis population will then be tabulated and compared by the level of
the score as follows: Romhilt-Estes score=0, 1-3, 4, and >=5.

Age-adjusted incidence rates of all-cause mortality per 1000 person-years in each of the
Romhilt-Estes score levels will be calculated, and Kaplan-Meir survival curves will be plotted to
compare event-free survival curves across these levels.

Cox proportional hazards analysis will be used to examine the association between
Romhilt-Estes score and all-cause mortality in a series of models with incremental adjustments
as follows: model 1 adjusted for age, sex, race, study site, education level, and income; model 2
adjusted for model 1 covariates plus total cholesterol, HDL cholesterol, smoking status, systolic
blood pressure, body mass index, diabetes, use of antihypertensive medications, aspirin, statin,
history of other cardiovascular disease (stroke, CHD, heart failure) and eGFR. In these models
Romhilt-Estes score will be used in different ways, separately, as follows: 1) the risk of mortality
will be calculated for each level of the score with score=0 as the reference group; 2) the risk of
mortality will be calculated for each the components of the score (e.g. left atrial enlargement,
left axis, QRS duration >=0.09 sec, intrinsicoid deflection in V5 or V6 > 0.05 msec, ST/T
abnormalities, QRS voltage criteria). Each component will be entered separately, as
present/absent (1/0) in the model with absent value being the reference group. Interaction by
sex and race will be examined in the final model. P value<0.05 will be considered significant.
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