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Electrocardiographic Detection of Left Ventricular Hypertrophy Using
Echocardiographic Determination of Left Ventricular Mass as the

Reference Standard

Comparison of Standard Criteria, Computer Diagnosis and

Physician Interpretation
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Electrocardiographic findings of left ventricular hyper-
trophy were compared with echocardiographic left ven-
tricular mass in 148 patients to assess performance of
standard electrocardiographic criteria, the IBM Bonner
program and physician interpretation. On echocardi-
ography, 43% of the patients had left ventricular hy-
pertrophy (left ventricular mass > 215 g). Sokolow-Lyon
voltage (S in V; + R in V5 or Vg) and Rombhilt-Estes
point score correlated modestly with left ventricular mass
(r = 0.40, p < 0.001 and r = 0.55, p < 0.001, respec-
tively). Sensitivity of Sokolow-Lyon voltage greater than
3.5 mV for left ventricular hypertrophy was only 22%,
but specificity was 93%. Point score for probable left
ventricular hypertrophy (= 4 points) had 48% sensitivity
and 85% specificity, whereas definite hypertrophy (= §
points) had 34% sensitivity and 98% specificity. Com-
puter analysis resulted in 45% sensitivity and 83 % spec-
ificity. Overall diagnostic accuracy of the IBM Bonner

program (67%) was better than that of Sokolow-Lyon
voltage (62%), but worse than the Romhilt-Estes point
score (69% for = 4 points or 70% for = 5 points). Three
cardiologists interpreted electrocardiograms indepen-
dently and in a blinded fashion. Physician sensitivity was
56%, specificity 92% and accuracy 76%. Correlation
with left ventricular hypertrophy was good (r = 0.70,
p < 0.001).

It is concluded that: 1) computer diagnosis of left
ventricular hypertrophy by the IBM Bonner program is
no more accurate than diagnosis by Sokolow-Lyon or
Rombhilt-Estes criteria, and 2) physician recognition of
left ventricular hypertrophy is more accurate, This sug-
gests that additional information about left ventricular
hypertrophy is present in the electrocardiogram that is
not detectable by standard criteria or the IBM computer
program.

Chronic pressure or volume overload of the systemic cir-
culation leads to left ventricular hypertrophy The degree
of adaptive hypertrophy has been found to parallel the se-
verity of overload (1,2) and detection of extreme hypertro-
phy has been a powerful predictor of a poor prognosis (1,3)
Thus, estimation of left ventricular mass 1s an important
variable 1n evaluating the functional state of the heart
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A varnety of electrocardiographic criteria have been pro-
posed for the recogmition of left ventricular hypertrophy,
but the limitations of these methods have been well docu-
mented (4—7) Complex electrocardiographic systems, such
as multiple dipole electrocardiography, have improved the
ability to estimate left ventricular mass and suggest that
computer analysis may improve electrocardiographic di-
agnosis of left ventricular hypertrophy (8)

Computer programs for electrocardiographic interpreta-
tion are categorized into two types those that utihze a de-
cision tree in which various criteria are either present or
absent (called ‘‘first generation’ programs by Pipberger et
al [9]) and those that rely on multivariate statistical anlaysis
of numerous electrocardiographic measurements (*’second
generation’’ programs) Second generation programs, de-
veloped most extensively by Pipberger et al (8—12), have
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been shown to improve the prediction of a limited number
of diagnostic probabilities, especially when correct prior
clinical probabilities of various diagnoses are also used (9)
However, second generation programs have had limited ac-
ceptance, in large part because of their limited range of
diagnostic possibilities and because of the absence of 1n-
formation 1n the computer report concerning the measure-
ments that led to a given diagnosis (13) Therefore, most
programs n climcal use are of the first generation type

Unfortunately, the accuracy of these programs remains
uncertain  Although numerous studies have compared com-
puter electrocardiographic detection of left ventricular hy-
pertrophy with cardiologists’ diagnoses (14-18), only Iim-
ited information 1s available comparing computer
performances with independent, nonelectrocardiographic
standards (8—12, 19-20) Only one study (20) of this type
has evaluated a widely used, commercially available com-
puter system Although this study relied on nonelectrocar-
diographic evidence to establish the diagnosis of left ven-
tricular hypertrophy, measurements of left ventricular mass
were not employed Therefore, the present study was un-
dertaken to compare the performance of standard electro-
cardiographic criterta with that of a widely used comput-
erized program, the IBM Bonner 2 V2MO, and with physician
interpretations for diagnosis of left ventricular hypertrophy
using echocardiographic determination of left ventricular
mass as the reference standard

Methods

Subjects. The study group consisted of 148 consecutive
patients with computerized electrocardiograms and techni-
cally excellent echocardiograms obtained within a mean of
4 days of each other (range O to 26) with no ntervening
change 1n cardiac status Subjects with electrocardiograms
obtained during paced rhythm were excluded

Cardiac diagnoses were established by review of com-
plete inpatient and outpatient charts for each patient, subjects
with 1nadequate records were excluded All pertinent cardiac
diagnoses were recorded along with noncardiac conditions
that might induce secondary changes in cardiac anatomy
Multiple cardiac diagnoses were possible for each patient

The study group included 62 patients with hypertension,
44 patients with atherosclerotic cardiovascular disease. 38
patients with valvular heart disease, 13 patients with mutral
valve prolapse, 13 patients with pericardial disease, 12 pa-
tients with diabetes mellitus, 11 patients with cardio-
myopathy, 11 patients with bacterial endocarditis, 12 pa-
tients with miscellaneous conditions and 15 patients with
no cardiac disease A total of 17 patients had clinically
documented myocardial infarction and 15 had ventricular
conduction defects The median age was 50 years (range
16 to 84), 52 7% of the patients were women and 61 5%
were Caucasian
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Electrocardiographic data. Electrocardiograms were
recorded using a Marquette (Marquette Electromc, Inc )
analog transmutting cart at 25 mm/s and 1 mV/cm stand-
ardization and fed by direct telephone circuits to computer
with the IBM Bonner 2 V2MO electrocardiogram analysis
program

Electrocardiographic evidence of left ventricular hyper-
trophv was analvzed in three ways First, the electrocar-
diograms were interpreted by the computer program and
classified (see Appendix) into those showing no left ven-
tricular hypertrophy. possible left ventricular hypertrophy
and definite left ventricular hypertrophy Second, the coded
12 lead electrocardiogram was examined for the two most
widely used standard criteria for left ventricular hypertro-
phy. Sokolow and Lyon’s precordial voltage criteria (S n
V, + RmVsor Vo> 3 5mV) (4) and Romhult-Estes point
score (5.6)

Finally, the coded electrocardiograms were read inde-
pendently 1n a blinded fashion and with no chnical infor-
mation by three investigators (R BD ,P K .D HM ), who
were required to make a diagnostic judgment as to whether
the tracings exhibited no left ventricular hypertrophy or
possible, probable or definite left ventricular hypertrophy
Each of these categories was assigned an ordinal value with
respect to degree of left ventricular hypertrophy none = 0
points, possible = 1 powmnt, probable = 2 points
and definite = 3 points When assessing the sensitivities
and specificities of the physician’s readings, all categories
of left ventricular hypertrophy were considered to be pos-
itive In addition to the individual readings, a group score
of the three cardiologists was derived using the arithmetic
mean of the scores assigned by individual readers to deter-
mine whether interobserver variability affected interpreta-
tion (21) Clinician performance was assessed to determine
whether additional electrocardiographic information about
left ventricular hypertrophy was detectable by experienced
observers beyond that incorporated 1n existing classification
schemes

Echocardiographic data. M-mode echocardiograms were
recorded using standard techniques with 2 25 mHz trans-
ducers 1nterfaced to either a Smith-Kline Ekoline echograph
with a Honeywell 1856A recorder or a Picker Echo-View
system 80c echograph Strip chart recordings were made at
50 mmy/s paper speed Echocardiograms were coded and
read 1 a blinded fashion without knowledge of other find-
ings Simultaneous visualization of interventricular septal
thickness (IVS), left ventricular mternal dimension (LVID)
and posterior wall thickness (PWT) was sought, at or just
below the tips of the mutral valve leaflets End-diastolic
measurements were made by the Penn convention (22)
Left ventricular mass was calculated from these measure-
ments by the following formula (22)

Left ventricular mass =
1 04 ([LVID + PWT + IVS]® — [LVID]®) — 136 g
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In keeping with our previous studies (7.22-24), left ven-
tricular mass greater than 215 g was considered to represent
left ventricular hypertrophy

Statistical methods. Biostatistical analysis was con-
ducted at the Rockefeller University Computer Center using
an IBM 390 computer and the BMD 35 Programming Sys-
tem The strength of associations was evaluated by least
squares linear regression and 1ts test of significance Dif-
ferences among groups were assessed by analysis of vari-
ance Statistical definitions were as follows

Sensitivity (%) = 100
Patients with disease with positive test

All patients with disease tested

Specificity (%) = 100
Patients without disease with negative test

All patients without disease tested
Correct diagnosis (%)

+ Patients without disease with negative test
All subjects tested

= 100 X

Positive predictive accuracy (%)

Patients with disease with positive test
= 100 x P

All subjects with a positive test

Negative predictive accuracy (%)
Patients without disease with negative test
= 100 x

All subjects with a negative test

All subjects with disease tested
All subjects tested

Prevalence =

Analyses were performed utiizing echocardiographic
measurements of left ventricular mass as the nonelectro-
cardiographic reference standard In addition, to simulate
the methods of previous studies (16), computer diagnoses
of left ventricular hypertrophy were compared with diag-
noses based on a Romhilt-Estes pomnt score of 4 points or
more

Results

Correlation of electrocardiographic criteria with left
ventricular mass. Modest correlations were observed be-
tween left ventricular mass and Sokolow-Lyon (4) precor-
dial voltage (correlation coefficient [r] = 0 40, probability
[p] < 0 001) or Romhilt-Estes (5) pont score (r = 0 55,
p < 0001) A similar correlation occurred between left
ventricular mass and the pomnt score system of the IBM
Bonner 2 V2MO program (r = 0 45, p < 0 001), while the
average of physician scores for left ventricular hypertrophy
achieved a closer correlation with left ventricular mass
(r = 070, p < 0001) The difference between the cor-
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relations of left ventricular mass with the physician score
and the IBM score was significant (p < 0 05) The coef-
ficient of determimation (r?) for physician readings (0 49)
was substantially higher than for computer readings (0 20),
Romhilt-Estes point score (0 30) or Sokolow-Lyon precor-
dial voltage (0 16)

Diagnostic accuracy of electrocardiographic criteria
for left ventricular hypertrophy. The accuracy of class-
ification of patients as either manifesting or not manifesting
left ventricular hypertrophy n the electrocardiogram was
assessed for standard criteria, the computer diagnosis and
physician interpretation (Table 1) Sokolow-Lyon voltage
criterta correctly identified only 14 of the 64 patients with
left ventricular hypertrophy on echocardiogram (22% sen-
sitivity) but correctly 1dentified 78 of 84 patients without
left ventricular hypertrophy (93% specificity) The positive
predictive accuracy of this method was 70% while negative
predictive accuracy was 61%

The Romhult-Estes pownt score, using left ventricular hy-
pertrophy of 4 points or more, correctly 1dentified 31 of the
64 patients with left ventricular hypertrophy (48% sensitiv-
ity) and 71 of the 84 patients without left ventricular hy-
pertrophy (85% specificity) The predictive accuracy of a
positive test was 71% and that of a negative test was 68%
Using the more stringent criterion (left ventricular hyper-
trophy = 5 points), the point score system correctly 1den-
tified only 22 of 64 patients with left ventricular hypertrophy
(34% sensitivity) but correctly identified 82 of 84 patients
without 1t (98% specificity) The positive predictive accu-
racy was 91% while the negative predictive accuracy was
66%

The computer using the IBM Bonner 2 V2MO system
correctly 1dentified 29 of 64 patients with hypertrophy of
the left ventricle (45% sensitivity) and only 70 of 84
patients without left ventricular hypertrophy (83% specific-
ity) Thus resulted 1n a positive predictive accuracy of 67%
and a negative predictive accuracy of 67% When the Rom-
hilt-Estes point score was used as the reference standard
rather than echocardiographic left ventricular mass, the sen-
sitivity of the IBM computer was 55% with a specificity of
81%

Performance of physicians in detecting left ventric-
ular hypertrophy. Physician interpretation of electrocar-
diograms showed mmproved results compared with either
standard criteria or computer readings The three physicians
identified between 40 and 49 of the 64 patients with left
ventricular hypertrophy correctly. yielding a range of sen-
sitivities from 63 to 77%. while they correctly 1dentified
from 67 to 77 of the 84 patients without left ventricular
hypertrophy correctly (specificities 80 to 92%) The range
of positive predictive accuracy was from 70 to 84% while
the range of negative predictive accuracy was from 73 to
82%

An average of the three physicians’ scores of at least 1
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Table 1. Performance of Electrocardiographic Critenia to Detect Left Ventricular Hypertrophy

+ Predictive — Predictive
ECG Sensitivity Specificity Accuracy Accuracy Accuracy
Method (%) (%) (%) (%) (%)
Sokolow-Lyon 22 93 62 70 61
R-E score = 4 points 48 85 69 71 68
R-E score = 5 points 34 98 70 91 66
Bonner 2 V2MO 45 83 67 67 67
computer program
Physician 1 66 91 80 84 78
Physician 2 63 80 72 70 74
Physician 3 77 82 80 77 82
Mean physician score 56 92 76 84 73
= | pomt
ECG = electrocardiographic, R-E = Romhilt-Estes. + = positive, — = negative

point correctly identified 36 of 64 patients with left ven-
tricular hypertrophy (56% sensitivity) and correctly 1den-
tified 77 of 84 patients without left ventricular hypertrophy
(92% specificity) This resulted m a predictive accuracy of
a positive test of 84% and a predictive accuracy of a negative
test of 73%

Analysis of the relation between electrocardiographic
interpretations and left ventricular mass (Table 2) revealed
that the physician interpretations achieved the best separa-
tion between left ventricular mass measurements 1 groups
considered to have either possible, or probable or no left
ventricular hypertrophy

Discussion

In recent years, computerized interpretation of electro-
cardiograms has evolved from an investigational oddity into
a widely used techmque with substantial clinical and com-
mercial 1mplications (25) Most of the growth in comput-
erized electrocardiographic 1nterpretation reflects wide-
spread application of first generation computer programs
that mimic physician decision-making processes Accord-
ingly, 1t 1s not surprising that several computer programs
have shown excellent sensitivity and specificity when com-

pared with physician interpretations utilizing simular diag-
nostic criterta (14,16,18) Only rarely, however, have widely-
used first-generation programs been evaluated by compar-
1son with nonelectrocardiographic data bases (20)

Detection of left ventricular hypertrophy by electro-
cardiogram, computer and clinicians. The present study
has evaluated critically the performance of a widely-used
first-generation computer program, the IBM Bonner 2 V2MO,
as well as electrocardiographic detection of left ventricular
hypertrophy by standard criteria and experienced cardiol-
ogists, 1n comparison with echocardiographic measurements
of left ventricular mass Two important conclusions emerge
from our data First, the diagnostic performance of this
widely-used computer program, while poor, 1s approxi-
mately equal to that obtained with conventional criteria
Interestingly, when the Rombhilt-Estes point score 1s used
as the standard, the computer performance was less than
one might expect, considering that the computer substan-
tially incorporates the point score 1n its program, and was
also poorer than that reported by Bailey et al (16)

The second conclusion that emerges from our data is
more positive Three experienced cardiologists’ blinded
readings of the presence or absence of left ventricular hy-
pertrophy correlated more closely with echocardiographic

Table 2. Relation of Echocardiographic Left Ventricular Mass to Electrocardiographic Findings

Probable

No ECG-LVH Possible ECG-LVH Defimitie ECG-LVH

ECG Method n LV Mass (g) n LV Mass (g) n LV Mass (g)
Computer 105 205 £ 102 «=——p = NS =22 251 = 133 —=——p < 0 0] =——s 2] 373 = 144
R-E score 104 200 = 10] w——=—p = NS w20 243 £ 110 =t p < 0 00] = 24 385 = 134
Physician 1 98 181 = 85— p < 0 001 —= 23 289 + 103 =——+p < 0 005 =——e27 390 = 127
Physician 2 91 185 = 86 +—— p < 0 001 — 37 270 £ 116=—=p < 0 00] =20 402 * 142
Physician 3 84 172 £ 75 +—— p < 0 01— 36 265 = 11l ——+p < 0001 —>28 392 x 122
Mean physician score 105 188 + 89— p < 0 001 ——23 301 £ 102 === p < 0 003 =+ 20 415 = 131
Echocardiogram 84 149 = 44 p < 00001 64 351 = 107

ECG = electrocardiographic, LV = left ventricular, LVH = left ventricular hypertrophy, n = number of patients, NS = not significant, R-E =

Rombhilt-Estes
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left ventricular mass and yielded more accurate diagnostic
conclusions than either standard electrocardiographic cri-
teria or the computer A similar result was reported by
Bourdillon and Kilpatrick (19), who found clinicians’ inter-
pretations to be more accurate than those of either the Vet-
erans Admunistration (8-12) or Mt Sinar program, with
respect to independent clinicopathologic data Pipberger et
al (9) also found a shightly poorer classification of electro-
cardiograms by the Veterans Administration program than
by clinicians when equal prior probabilities were used (66
versus 68%), although optimal adjustment of the prior clin-
ical probabilities used 1n their program increased correct
classification to 86% Clinicians’ recognition of myocardial
infarction has also been found to compare favorably with a
second generation computer program (26). In contrast, when
clinicians are constrained to use a specified set of electro-
cardiographic diagnostic critera, their performance has been
found to be poorer (27), parallel to our findings with respect
to Sokolow-Lyon and Romhilt-Estes criteria.

Potential for improvement of electrocardiographic
criteria. These data suggest that additional information 1n
the electrocardiogram concerning the presence or absence
of left ventricular hypertrophy beyond the findings incor-
porated 1n standard electrocardiographic criteria 1s detect-
able by skilled clinical electrocardiographers While none
of the three physicians 1n the present study utilized specif-
ically quantifiable personal criteria, each relied heavily on
the presence of repolanzation abnormalities as a marker for
left ventricular hypertrophy Despite correct emphasis on
the numerous causes of the left ventricular *‘strain’” pattern,
recent studies (28,29) confirmed its strong association with
left ventricular hypertrophy Although other factors in the
supertor performance by physicians, such as recognition of
intrinsicoid delay or QRS widening, cannot yet be clearly
established, some studies suggest that somewhat different
QRS charactenistics than those embodied 1n most widely
used electrocardiographic criteria may be most closely re-
lated to left ventricular hypertrophy Thus, several reports
(30,31) indicate that the depth of the S wave 1n standard or
orthogonal anterior leads and the height of the R wave 1n
corresponding lateral leads are most closely related to left
ventricular mass

Our finding that clinicians can outperform standard
electrocardiographic criteria of left ventricular hypertrophy
as well as a widely used computer program, taken together
with the recent evidence that carefully selected QRS and
repolarization abnormalities are more closely associated with
left ventricular hypertrophy. offers hope that diagnostic
electrocardiographic criteria can be improved This effort
may be further aided by taking into account other demo-
graphic variables that influence electrocardiographic rec-
ognition of left ventricular hypertrophy, including age and
body habitus (24) Utilization of demographic vanables along
with electrocardiographic measurements might allow opti-
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mization of diagnosis without the need to use corrected prior
clinical probabilities

Limitations of the study. Several hmitations of the
present study require emphasis First, the superior perfor-
mance of the clinicians 1n this study, all of whom are n-
volved 1n ongoing studies of cardiac hypertrophy, 1s not
necessarily broadly applicable to other clinical electrocar-
diographers Second, echocardiographic left ventncular mass,
which has been used 1n this study as the reference standard,
1s 1tself an estimate and 1ts use may have weakened observed
relation This effect 1s unlikely to be a strong one, however,
in view of the similarity of findings in previous studies
(7,29) when autopsy or echocardiographic left ventricular
mass was used as the reference standard Finally, the present
series 1s small enough that the results might be uncertain
However, the similarnity of the relation between left ven-
tricular mass and standard electrocardiographic criteria of
left ventricular hypertrophy in this study and in two pre-
vious, completely independent groups of patients (7,24)
suggests that this 1s not an important problem

Clinical implications. Evaluation of the performance of
the electrocardiogram requires comparison with accurate,
independent measurements Using echocardiographic left
ventricular mass as a reference standard, we have shown
that computer diagnosis of left ventricular hypertrophy by
a widely used first generation program (Bonner 2 V2MO)
1s no more accurate than with Sokolow-Lyon or Romhilt-
Estes criteria However, recognition of left ventricular hy-
pertrophy by blinded climcian interpretations was more ac-
curate This suggests that more information about left ven-
tricular hypertrophy 1s present in the electrocardiogram than
1s detectable by standard measurement criteria or the Bonner
program, and that development of computer electrocardio-
graphic methods that utilize such information will become
increasingly important 1f the role of computer electrocar-
diographic interpretation 1s to continue to expand

APPENDIX

Computer Classification of Patients With
Electrocardiographic Evidence of Left
Ventricular Hypertrophy

Patients with electrocardiographic evidence of left ven-
tricular hypertrophy were classified by the computer 1into
the following six groups

1) Possible left ventricular hypertrophy

2) Possible left ventricular hypertrophy with strain or

digital effect

3) Possible left ventricular hypertrophy but may be nor-

mal for age

4) Consider left ventricular hypertrophy 1f patient not

taking digitalis
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5) Left ventricular hypertrophy
6) Left ventricular hypertrophy with strain or digitalis

effect

We defined groups 1 through 4 as *‘possible left ven-

tricular hypertrophy’” and groups 5 and 6 as **left ventricular
hypertrophy *’ The ‘‘no left ventricular hypertrophy’” group
consisted of patients with no electrocardiographic evidence
of left ventricular hypertrophy by the computer reading

We thank Virginia Burns for her assistance 1n preparation of the manuscript,
and Banvir Chandhary. PhD, of Rockefeller University for his advice
concerning statistical analyses

[$%]

11

12

13

References

Devereux RB, Reichek N Left ventricular hypertrophy Cardiovasc
Rev Rep 1980,1 55-68

Ross ] Jr Afterload mismatch and preload reserve a conceptual trame-
work for the analysis of ventricular function Prog Cardiovasc Dis
1976.18 255-64

Sokolow M, Perlott D The prognosis of essential hypertension treated
conservatively Circulation 1961,23 697-713

Sokolow M, Lyon TP Ventricular complex 1n left ventricular hyper-
trophy as obtained by unipolar precordial and limb leads Am Heart
1 1949.37 161-86

Romhilt DW, Estes EH Jr A pont score system for the electrocar-
diographic diagnosis of left ventricular hypertrophy Am Heart J
1968.75 752-8

Romhilt DW, Bove KE, Norns RJ, et al A critical appraisal of the
electrocardiographic criteria for the diagnosis of left ventnicular hy-
pertrophy Circulation 1969.40 185-96

Reichek N, Devereux RB  Left ventricular hypertrophy Relationship
of anatomic, echocardiographic and electrocardiographic findings
Circulation 1981.63 1391-8

Dunn RA. Pipberger HV. Holt JH, Bernard ACL Pipberger HA
Performance of conventional, orthogonal and multiple dipole elec-
trocardiograms 1n estimating left ventricular muscle mass Circulation
1979,6 1350-3

Pipberger HV, McCaughan D, Littman D, et al Chinical application
of a second generation electrocardiographic computer program Am
] Cardiol 1975 35 597-608

Cornhield J, Dunn RA, Batchlor CD Pipberger HV Multiple diagnosis
of electrocardiograms Comput Biomet Res 1973.6 97120

Yankopoulos NA, Haisty WK, Pipberger HV  Computer analysis of
the orthogonal electrocardiogram and vectorcardiogram in 257 patients
with aortic valve disease Am J Cardiol 1977 40 707-15

McCaughan D, Littman D, Pipberger HV Computer analysis of the
orthogonal ECG and vectorcardiogram 1n 939 cases with hypertensive
cardiovascular disease Am Heart J 1973.85 467-82

Bailey JJ, Horton MR Advantages of automation of ECG analysis
with conventional (heuristic) criteria In Van Bemmel JH, Willems

DEVEREUX ET AL 87

ELECTROCARDIOGRAPHIC LEFT VENTRICULAR HYPERTROPHY

30

31

JL. eds Trends in Computer-Processed Electrocardiograms Amster-
dam North-Holland, 1977 221-8

Gorman PA, Evans JM Computer analysis of the electrocardiogram
Evaluation of experience in a hospital heart station Am Heart J
1970,80 515-21

Bruce RA Yarnall SR, Stratbucker R, Petut G, Hoter V. Thompson
DJ Rehability and normal variations of computer analysis of Frank
clectrocardiogram by Smith-Hyde program (1968 version) AmJ Car-
diol 1972 29 389-96

Bailey JI Itscoitz SB, Hirshteld JIW Jr Grauer LE. Horton MR A
method tfor evaluating computer programs for electrocardiographic
interpretation 1 Apphication to the expenmental IBM program of
1971 Circulauon 1974.50 73-9

Burchell HB Reed J A test experience with a machine-processed
electrocardiography diagnosis the recognition of **normal’” and some
specific patterns  Am Heart J 1976.92 773-80

Garcia R Breneman GM  Goldstein S Electrocardiogram computer
analysis  Practical value of the IBM Bonner-2 (V2 MO) Program J
Electrocardiol 1981 14 283-88

Bourdillon PJ, Kilpatrick D Chnicians, the Mount Sinai program and
the Veterans Administration program evaluated agamst clinicopath-
ological data derived independently of the electrocardiogram Eur J
Cardiol 1978.8 395-412

MacFarlane PW. Melville DI, Horton MR, Bailey JJ Comparative
evaluation of the IBM (12-lead) and Royal Infirmary (orthogonal three-
lead) ECG computer programs Circulation 1981,63 354-9

Davies LG Observer variation n reports on electrocardiograms  Br
Heart J 1958.20 153-61

Deverecux RB. Reichek N Echocardiographic determination of left
ventricular mass 1n man  Anatomic validation of the method Circu-
lation 1977 55 613-8

Devereux RB. Savage DD, Drayer JIM, Laragh JH Lett ventricular
hypertrophy and function 1n high, normal and low-renin torms of
essentidl hypertenston  Hypertension 1982.4 524-31

Devereux RB. Phillips MC Casale PN Eisenberg RR, Kligheld P
Geometric determinants of electrocardiographic left ventricular hy-
pertrophy Circulation 1983.67 907-11

Rautaharju PM  The current state of computer ECG analysis a cri-
tique In Ret 13 117-24

Willems JL Introduction to multivariate and conventional computer
ECG analysis pros and contras In Ref 13 213-20

Brohet CR, Richman HG Clinical evaluation of automated processing
of electrocardiograms by the Veterans s Admimstration program (AVA
34) Am ) Cardiol 1979 43 1167-74

Beach € Kenmure ACF Short D Electrocardiogram of pure left
ventricular hypertrophy and 1ts differentiation from lateral 1schemia
Br Heart J 1981 46 285-9

Devereux RB, Reichek N Repolarization abnormalities of left ven-

tricular hypertrophy Relationship of clinical, echocardiographic and
electrocardiographic tindings J Electrocardiol 1982 15 47-53

Casale PN Devereux RB Kligheld P Eisenberg RR, Miller DM,
Phillips MC New criterta for electrocardiographic left ventricular
hypertrophy (abstr) Clin Res 1983 31 178A

MacFarlane PW Chen CY. Boyce B Fraser RS Scoring technique
for diagnosis of ventricular hypertrophy from three orthogonal lead
electrocardiogram Br Heart J 1981.,45 40210





