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by
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Abstrac*

Electrocardiographic criteria for left ventricular hypertrophy (L VH) were examined
in 84 unselected pediatric patients with rheumatic heart disease. There were 47 male
and 37 female patients, ranging in age from 6 to 19 years. Electrocardiographic LVH
was detected in 41 patients (48.8%), i.e. in 55.3% (26/47) of boys and in 36.6% (15/41)
of girls. Echocardiographically determined L VH was present in 42 cases (50%) if left
ventricular mass (LVM) was indexed for height, or 47 cases (56%) if LVM was indexed
Jor body surface area (BSA). The overall sensitivity of height-indexed electrocar-
diographic diagnosis of LVH was 71.4% (95% confidence interval = 57.7% to 85.1 %),
while its sensitivity was 73.8% (95% confidence interval = 60.0% to 87.0%). For BSA-
indexed echocardiographic LVH, the sensitivity was 68.1% (95% confidence interval
= 54.8 to 81.4%) and the specificity was 75.7% (95% confidence interval = 61.9%
10 89.5%). When sex-adjustment was examined, there was no increase of sensitivity of
electrocardiographic LVH. Sensitivity of the electrocardiogram for L VH increased when
age-adjustment was examined with 13 years of age as a cut-off point, both Sfor height-
indexed and BSA-indexed echocardiographic LVH. Reasons for the difference between
these findings and the findings in adult patients (remarkably low sensitivity and very
high specificity of ECG LVH) were discussed. Electrocardiogram was a moderate
diagnostic modality in the detection of LVH in our pediatric patients with rheumatic
rheumatic heart disease. Sex did not influence the sentivity of ECG LVH, but older
age group tended fo increase its sensitivity.
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Introduction

Rheumatic heart disease is still prevalent
in developing countries, including Indo-
nesia. It is the most important and the only
permanent sequel of rheumatic fever, and
not infrequently causes disability of the
affected children, leading to significant
impairment of their growth and develop-
ment and may even result in death (1,2).
Typically, acute rheumatic fever affects
young children; the peak incidence of the
first attack of rheumatic fever is between
8-12 years of age.

In Dr. Cipto Mangunkusumo Hospital,
Jakarta, more than one half of patients
with acute rheumatic fever developed
bermanent valvular heart disease (3).
Following hospitalization for acute
management of rheumatic fever, the sur-
vivors are managed at the Out-patient
Clinic for the prevention of streptococcal
infections with benzathine penicillin
injection or its substitutes once a month,
Apart from clinical assessment, electro-
cardiographic and chest X-ray examina-
tions are performed every 3 to 12 months
to detect any change of the cardiac status,
including ventricular hypertrophy. In the
last several years echocardiographic eva-
luation has been available in our hospital,

enabling more accurate diagnosis of val-
vular lesions and detection of ventricular

dilatation and/or hypertrophy. We have
been impressed that many patients with
valvular rheumatic heart disease who did
not have left ventricular hypertrophy
(LVH) on electrocardiogram (ECG)
showed the evidence of increased left
ventricular mass (LVM) measured echo-
cardiographically,

There were several reports on the sensi-
tivity and specificity of electrocardiogra-
phic LVH in adults (4-7), but we were
unware of those values in children. The
only report on the determination on echo-
cardiographic left ventricular mass in
children was that of Daniels et al., (8).
Even more, no report on the sensitivity and
specificity of electrocardiographic criteria
for LVH in children with rheumatic heart
disease was published. The values may of
benefit in interpreting patients with rheu-
matic heart disease, since ECG can be
recorded at any time with low cost, while
echocardiography is either not available in
many places in Indenesia or, if available,
the high cost is beyond the reach of most
patients.

We report our cross sectional study
specially designed to examine the sensitivity
and specificity of electrocardiographic
criteria for LVH in a group of pediatric
patients with rheumatic heart disease.

Materials and Methods

The study population consisted of
unselected pediatric patients with rheu-
matic heart disease visiting the Out-patient
Clinic, Division of Cardiology, Depart-
ment of Child Health, Dr., Cipto Mangun-
kusumo Hospital, Jakarta between July

and September, '1990. They had been
managed on a monthly basis for receiving
benzathine penicillin or its substitutes to
prevent streptococcal infection. No attempt

was made to select any particular valyular
lesions,
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Clinical data

All patients underwent complete physical
examination, including measurements of
body weight, height, and clinical cardio-
vascular diagnosis. Body surface area was
estimated using a nomogram based on the
following formula (9) :

BSA = 0.007184 x W0.425 x H0.725

Where S = body surface area in m2, W =
body weight in kg, and H = height in cm.
Results of previous echocardiographic
examination were reviewed to confirm the
type of valvular lesions. The nutritional
status was graded using modified classifi-
cation of Wellcome Trust Party, i.e. over-
weight (= 120%), normal (80-120%), mild
to moderate undernutrition (60-80%), or
severe undernutrition (<60%), where
100% represented the 50'P percentile of
Harvard Standard.

Electrocardiographic methods

Complete electrocardiographic tracing
was made in all patients before echocar-
diographic left ventricular measurements
were performed. The tracings were coded,
and were interpreted blindly by the resi-
dents of Pediatric Department and then
cross-checked by the authors (BM and
INO). The diagnosis of electrocardiogra-
phic LVH was made on the fulfillment of
one or more of the following criteria of
Liebman and Ziegler (10) : (1) R wave at
least 21 mm in V6, (2) S wave at least 25
mm in V1, (3) R/S ratio 0.1 or less at V3R
or V1, (4) q ware at least 3 mm in V5 or
V6. In this study, patients with left ventri-
cular strain pattern (inverted T waves in V5
and/or V6 without evidence of abnormally
increased voltage of the R waves) were not
considered to have LVH. Patients with

evidence of bundle branch block or Wolff-
Parkinson-White syndrome were excluded
because it might interfere with ECG inter-
pretation.

Echocardiographic methods
In nearly all patients, complete echo-
cardiographic examination (i.e. 2-dimen-
sional, M-mode, and echo-Doppler with
colorflow mapping) had been performed,
so that the specific valvular lesions was
known. For the purpose of the study,
standard M-mode echocardiography was
performed using Toshiba SSH-650A with
2.5 or 3.75 MHz transducers. With the
patient lying on a left lateral decubitus
position, left ventricular measurement were
performed from either the long axis or
short axis parasternal view. Tracings were
recorded on Toshiba Sonoprinter black
and white paper at a paper speed of 25 or
50 mm/second. The tracings were coded
and read blindly. LV measurements were
performed by one ¢t the authors (SS).
Particular attention was pa:d to identifying
the correct level for LV measurements. LV
measurements were made just below or at
the tips of the mitral leaflets. The left
ventricular internal diameter, interventri-
cular septum, and left ventricular posterior
wall thickness were measured at end-
diastole, as indicated by the beginning of
the q wave. All measurements were made
according to American Society of Echo-
cardiography (ASE), i.e. leading-edge-to-
leading-edge convention (11) (see Figure 1).
Studies were excluded if any uncertainty of
precision of measurements was found.
Echocardiographic evidence of pericardial
effusion was also a criterion for exclusion,
since it might decrease the precordial ECG
voltages.
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Figure 1 : Method of left ventricular measurements according to American Society
of Echocardiograph Y used in this study. All measurements were performed
using !eadfng«edge—(o-leaa’ing-edge convention. LVID = left ventricular
internal diameter; PWT — posterior wall thickness; IVST = interventricular

septum thickness,

Left ventricular mass (LVM) was
calculated in all patients using the modified
ASE-cube criteria which was known to be
close to anatomic LV mass (12) :

LVM = 0.8 x 1.04 x [(LVID + PWT
+ IVST) — LVID3] + 0.6 gm

where

LVM = left ventricular mass

LVID = left ventricular internal dimen-
sion in diastole

PWT = ventricular posterior wall thick-

ness in diastole

interventricular septal thickness

in diastole.

IVST

The LVM was then indexed for sex, height
and body surface area, In boys, LVM of
more than 99.8 gm/m or 103 gm/m2
indicated LVH; whereas in girls the com-
parable values were 81.0 gm/m, or 84.2
gm/m? (8). Evaluation was then made for
age-adjusted groups (both sexes combined,
less than 13 years and 13 years or more),
and for grading of the severity of LV mass

in quartiles.

Method of analysis and presentation

Sensitivity, specificity, accuracy, and
predictive values were presented in per
cents; 95% confidence interval of each
value was also supplied in per cent. The
confidence interval was calculated using the
following formula :

CI=P =<+ 196 PQ/N

where CI = 959, confidence interval of
proportion (in decimal)

P = proportion of interest
Q=1-p
N = number of observed patients

The X2 test was used to test the
differences between sensitivity and speci-
ficity of ECG LVH in sex-adjusted and in
age-adjusted group. The Kolmogorov-
Smirnov test was applied to detect changes
of electrocardiographic LVH. All statistical
results were considered significant at p level
of 0.05 or less.
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Results

Clinical data . .
Of the initial 90 patients enrolled in this

study, 6 were excluded because of. the
evidence of left bundle branch block in 1,
inadequate ECG recording .in 1, aqd in-
adequate M-mode tracings in, 3 patients.
The other one was excluded because of the
evidence of moderate pericardial effusion
detected echocardiographically. Thus,

there were 84 patients suitable for analysis,
consisting of 47 boys and 37 girls, ranging
in age from 6 years to 19 years (see Table
1). All of them had native (unoperated)
rheumatic valvular heart disease. The spe-
cific valvular lesions were depicted in Table
2, while the nutritional status was decipted

in Table 3.

Table 1 : Age and sex distribution of 84 patients with rheumatic heart disease

Age Sex Total
(yrs) Male Female
41
6-12 26 5 i
13-19 2 2
47 37 5

Table 2 : Specific valvular lesions in 84 patients Pasgd on clinical findings and
previously performed echo-Doppler examination

Valvular lesion (s) No of cases
Isolated MR 34
Isolated MS 2
Isolated AR 2
MR + AR 26
MR + MS + AR 8
MR + TR 6
MR + MS 6
Total 84

MR = mitral regurgitation; MS = mitral stenosis; AR = aortic
regurgitation; TR = tricuspid regurgitation.
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Table 3 : The nutritional status of 84 rheumatic heart disease patients
Nutritional status No of Patients %
Over-weight 0 0t
Normal 32 38.1
Mild to moderate malnutrition 44 52.4
Severe malnutrition 8 9.5

84 100.0

Overall Sensitivity and Specificity of Elec-
trocardiographic LVH
Electrocardiographic LVH was found in
41 patients (48.8%), while echocardiogra-
phic LVH was detected in 42 patients
(50.0%) if LV mass was indexed for height,
or in 47 patients (56%) if it was indexed
for body surface area (BSA). The overall

sensitivity and specificity for electrocardio-
graphic LVH were 71.4% and 73.8% for
height-indexed echocardiographic LVH, or
68.1% and 75.7% for BSA indexed-echo-
cardiographic LVH (Tables 4 and 5). The
accuracy and predictive values of the diag-
nostic test were also shown.

Table 4 : Sen'sitivity., specificity, accuracy, and predictive values of ECG LVH in 84
Ppatients with rheumatic heart disease using height-indexed echocardiographic

LVH as ‘gold standard’

Echocardiographic LVH

Yes . No Total
Yes 30
ECG LVH ! 4
No 12 31 43
Total 42 42 84
Sensi.li.vity = 30/42 = 71.4% (95% CI = 57.7% to 85.1%)
Specificity = 31/42 = 73.8% (95% Cl = 60.5% to 87.1%)
Accuracy = 61/B4 = 72.6% (95% CI = 63.1% to 82.1%)

Positive predictive value =
Negative predictive value =

30741 = 73.2% (95% CI = 59.6% to 86.8%)
31/43 = 72.1% (95% CI = 587% to 86.8%)
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Table 5 : Sensitivity, specificity, accuracy, and predictive values of ECG LVH in 84
patients with rheumatic heart disease using BSA-indexed echocardiographic
LVH as ’gold standard’

Echocardiographic LVH
: Yes No Total

Yes 32 9 41
s A No 15 28 43
Total 47 37 84

Sensitivity = 30/42 = 68.1% (95% CI = 54.8% to 81.4%)

~ Specificity = 28/37 = 75.7% (95% CI = 61.9% to 89.5%)

Accuracy = 60/84 = 71.4% (95% CI = 61.7% to 81.1%)

Positive predictive value
Negative predictive value

Sex-adjusted Sensitivity and Specificity

When sex-specific index was performed,
the sensitivity of electrocardiographic LVH
were not significantly changed, both for
height (x? test, df = 1, x2 = 1.16, p>
0.10) and BSA-indexed (x2 test, df = 1,
x2 = 0,04, p 10 echocardiographic LVH
(Table 6).

Influence of Age

When age-specific index with 13 years of
age as cut-off point was worked out, the
sensitivity of electrocardiographic LVH

32/41 = 78.0% (95% CI = 65.3% to 80.7%)
28/43 = 65.1% (95% CI = 50.9% to 79.3%)

increased significantly in older patients (x2
test, df = 1, x2 = 8.3,0.02 p<0.01
for height-indexed LVH, x2 = 10.82,p =
0.001 for BSA-indexed LVH). The im-
proved sensitivity was not accompanied by
a significant change of specificity (x2, df
= 1, p >>0.05). The positive predictive
value of the electrocardiographic LVH
improved accordingly (see Table 7). In this
calculation, both sexes were combined,
since the number of patients was too small
to allow proper analysis.

Table 6 : Sensitivity, specificity, accuracy, and predictive values of sex-specific
electrocardiographic criteria for LVH*

Echo + Echo- Echo + Echo- Sensitivity Speciicity Accuracy PPV NPY

ECG+ ECG+ ECG- ECG- (%) (%) (%) (%) (%)
LVH/Ht  : Boy 18 § 5 16 18/23 (18.3)  16/24 (66.T) 34/47 (12.3) 18/26 (69.2)  16/21 (76.2)
Girl 12 3 1 15 12/19 (63.2)  15/8 (83.3)  21/31 (1D.0)  12/15 (80.0)  15/22 (68.2)
LVH/BSA : Boy 19 1 9 12 19/28(67.9)  12/19 (63.2)  31/47 (66.0) 19/26 (73.1) 12/21 (§7.1)
Girl 13 2 § 16 13/19 (63.4)  16/18 (88.9) 29/37 (18.4) 13/15 (86.T)  16/22 (T.T)

LVH/Ht = Left ventricular hypertrophy, indexed for height; LYH/BSA = Left ventricular hypertrophy, indexed for body surface area; Echo = echocardiographic; ECG
= electrocardiographic; PPV = positive predictive value; NPY = negalive predictive value.
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Table 7 : Sensitivity, specificity, accuracy, and predictive values of age-specific electro-
cardiographic criteria for LVH* : ‘ i
Echo+ Echo- Echo+ Echo- Sensitivity  Specificity Accuracy PPY NPV
ECG+  ECG+  ECG-  ECG- (%) ™ ™) %) )
LYHH : Dy 8 1 9 " VITWLD A 08 21 6LO) BIS (B 126 (54
By 2 4 3 W RASERO) 1418 (N8 43 (BLT) 226 (46 1417 (82.4)
LVH/BSA : 13y 10 3 15 B 10725 (00) 1316812 2741 (6.0) 10713 (69) 13/ (46.4)
1yrs 2 4 4 B 2648 1417 (B24) 3543 Bl4) 226 (B46) 1418 (TV.T)
¢ See legend of Table 6 for abbreviations.
100%
n = 11
g T L
E
N 75% Lt
S
I n=12
T n=12
1 50%
v
I
T
Y 25%
I I 111 v
Quartile
Figure 2 :

Sensitivity of ECG LVH according to quartiles of severity of

echaf:'frrfﬁographicaﬂy determined L VH (BSA-indexed). Trend for increasing
sensitivity with increasing left ventricular mass was seen, although
statistically not sifnificant (p > 0.05).
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Discussion

Despite the wide practice of using elec-
trocardiogram in the detection of LVH in
patients with proven or suspected heart
disease, its ability to do so has been
questioned recently (14). Indeed, mostly in
adult patients, the sensitivity of electrocar-
diographic LVH is astonishingly low, both
when compared with autopsy findings
(12,13) or with echocardiographically
determined LVH (4-7).

Our series consisted of pediatric patients
with rheumatic heart disease. We are un-
aware of any study examining the sensiti-
vity and specificity of electrocardiographic
LVH in such patients. Our results indicated
that the sensitivity and specificity of elec-
trocardiographic LVH were of moderate
degree, i.e. around 70% for sensitivity and
similar value for specificity (Table 4). These
were different with numerous reports on
adult patients, which usually have coronary
heart disease or hypertension as the main
cause of LVH. The sensitivity of ECG
LVH was as low as 6.9% in Levy and his
co-workers series (7) involving adult
patients in general population. In clinical
setting, the sensitivity of ECG LVH varied
from 6 to 53% (14). The specificity of ECG
LVH in both population and clinic-based
studies (4-7), however, was much higher
than ours ( 95% vs 70%). It means that
in adult population with common heart
problems in western countries, electrocar-
diogram is a poor tool in the detection of
LVH. If no LVH is detected by ECG, there
is still a great possibility that the left
ventricular mass increased abnormally, but
if LVH is determined electrocardiogra-
phically, the LV mass increased almost
always abnormally.

In our opinion, the moderately high sen-
sitivity found in our subjects was probably

caused by several reasons, i.e.: (1) the
severity of anatomic LVH in most of our
study population; most of them have
moderate to severe mitral regurgitation
with or without other valvular lesions; (2)
most of our patients were mildly to
moderately undernourised (Table 3) as a
result of the heart disease, the low socio-
economic level of the family, or both; thin
patients tended to have higher R waves,
which was the main criteria for ECG LVH;
(3) we used the corrected ASE-cube
formula for LV mass calculation, which
certainly gave much lower values than the
uncorrected formula, as proposed by De-
vereux et al., (12). Had we used the un-
corrected formula, the LV mass would
have been higher, and more LVH would
have been diagnosed echocardiographical-
ly, so that the ECG LVH would have had
lower sensitivity and higher specificity (see
discussion below).
. Sex-adjusted sensitivity of ECG LVH
was not significantly different with the
overall sensitivity. This also disagreed with
most studies, which showed that sensitivity
of ECG LVH in males was consistently
higher than in females (4-7). The main
explanation of the difference in adult
patients is that there is attenuation of QRS
voltage by greater spatial separation of the
myocardium from precordial leads because
of breast tissue in women (7). Certainly
breast tissue would not be a problem in
pediatric population, except in adolescents.
In contrast, age-adjusted sensitivity of
ECG LVH showed statistically significant
difference; i.e. in patients age 13 years or
more, the sensitivity of ECG LVH was
higher than in patients less than 13 years
of age. In spite of previously described
attenuation of QRS voltage with increasing
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age in normal subjects, our data, - like
many others -, showed a trend toward
increasing sensitivity of ECG for LVH with
advancing age. We are of the opinion
similar to that of Levy et al. (7) that this
apparently paradoxical phenomena: might
be a consequence of i increasing prevalence
of echocardiographic LVH in older
patients with rheumatic heart disease, and
a shift toward more severe extremes of
LVH in adolescents with rheumatic heart
disease. This suggestion was supported by
the evidence of trend of increasing sensi-
tivity of ECG for LVH with the increasing
severity of echocardiographic LVH (Figure
3). With more study population, Levy et

*al. (7) found a statistically significant result
concerning this matter.

Regarding the use of echocardiography
in the estimation of LV mass, there are
several methods with good correlation go-
efficient with LV mass measured at
necropsy. One of the most popular is the
simplified ASE-cube method with the
following formula:

LV mass (ASE-cube) = 1.04 {(PWT +
LVID + IVS)} — LVID3}

However this method tends to overestimate
the anatomic LV mass. Devereux et al.,
(12) suggested to correct the formula that
approximated to anatomic LV mass:

LV mass = 0.80 x LV mass (ACE-cube)
+ 0.6 gm

which was used in this study.

According to Devereux et al., (12) the
best method of LV mass measurement was
that LV mass cube formula with Penn
convention. In this method, endocardial
thickness was excluded from ventricular
wall and ventricular septal thickness, and
included in ventricular dimension measure-
ment. We did not use this method since we
found significant difficulty in determining

the exact thickness of endocardial tissue,
especially in young children. In our
experience, l'eading-edge-to-leading-edge
measurements gave more reproducibility,
even in a very young baby.

In contrast to in adult population, there
is no standardized values for echocardio-
graphically determined LVH for children
because of the lack of age-appropriate
upper normal limits for LVH. The study
of Daniels and others (8) on the normal
values of echocardiographically determined
LV mass index was very important
although it must be critically examined
before the proposed criteria for LVH are
accepted as definitive (15). We used Daniels
upper limits for echocardiographically
determined LVH both for height-indexed
and BSA-indexed LV mass, as suggested by
Snider and Serwer (16)

Of particular interest is our finding that
echocardio-graphically determined LVH
was more commonly found if LV mass was
indexed for BSA than if it was indexed for
height. Many othre authorities have
reported that the reverse was true: more
LVH is determined echocardiographically
in height-indexed LV mass than in BSA-
indexed LV mass (4-8). Again, we highly
suspected that this conflicting observation
was caused by the fact that most of our
study population showed some degree of

‘undernutrition. Even in children with

normal nutritional status, the BSA/height
is usually lower than in adults. With the
presence of undernutrition, the body mass
was considerably reduced, so that tall
patients would have further decreased of
BSA. In consequence, the denominator for
indexing the LV mass was almost always
lower in BSA-indexed LV mass than of
height-indexed LV mass. Consequently,
LV mass/height was mostly lower than LV
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mass/BSA. Our final note is that we
included the 95% confidence interval in
each values of sensitivity, specificity,
accuracy, and predictive values in
accordance with current recommendation,
since it would better indicate the spread of
the values of interest in relation with the
number of patients studied (}7,18).

In conclusion, we found that ECG was
a moderate tool in detecting LVH in un-
selected pediatric patients with rheumatic

heart disease. Its sensivity, specificity,
accuracy, and predictive values were
around 70%, and they did not change
significantly if sex-adjustment was per-
formed. The sensitivity of ECG LVH was
significantly higher in adolescents with
rheumatic heart disease than in preadoles-
cent patients. When applying these results,
however, it should be remembered that our
series consisted mainly of thin children with
moderate to severe valvular lesions.

Acknowledgement

The authors wish to thank Drs. Hindra
irawan, Dedy Ria Saputra, Dwi Putro

Widodo and Laily Fatchiyah for their
assistance in data collection.



244

SENSITIVITY AND SPECIFICITY OF ECG CRITERIA FOR LVM

REFERENCES

KAPLAN 8.: Chronic rheumatic heart disease,
in Adams FH, Emmanouilides GC (Eds), Heart
disease in infants, children, and adolescents, 3rd
ed. Baltimore and London: Williams & Wilkins,
1983: 552.

MARKOWITZ M, GORDIS L.: Rheumatic
fever, 2nd ed. Philadelphia: WB Saunders, 1972.
'MADIYONO B, SIREGAR AA, OESMAN IN,
SASTROASMORO S.: Profile of rheumatic
fever and rheumatic heart disease in the Depart-
ment of Child Health, Medical School,
University of Indonesia/Cipto Mangunkusumo
Hospital, Jakarta (1984-1989). Presented at the
8th National Congress of Pediatrics, Ujung
Pandang 1990.

REICHEK N, DEVEREUX RB.: Left
ventricular hypertrophy: relationship of
anatomic, echocardiographic and electrocardio-
graphic findings. Circulation 1981; 63:
1391-1396.

LEVY D, SAVAGE DD, GARRISON R,
ANDERSON KM, KANNEL WB, CASTELLI
WP.: Echocardiographic criteria for left
ventricular hypertrophy: the Framingham Heart
Study. Am J Cardiol 1987; 59: 956-60.
LEVY D, ANDERSON KM, SAVAGE DD,
KANNEL WB, CHRISTIANSEN JC, CAS-
TELLI WP.: Echocardiographically detected left
ventricular hypertrophy: Prevalence and risk
factors. Ann Intern Med 1988; 108: 7-13.
LEVY D, LABIB SB, ANDERSON KM,
CHRISTIANSEN JC, KANNEL WB, CAS-
TELLI WP: Determinants of sensitivity and
specificity of electrocardiographic criteria for left
ventricular hypertrophy. Circulation 1990; 81:
815-820.

DANIELS SR, MEYER RA, LIANG Y.
Echocardiographically determined left ventri-
cular mass index in normal children, adolescents,
and young adults. J Am Coll Cardiol 1988; 12;

9.
10.

11.

12.

13.

14.

15.

16.

703-708 (1988).

GANONG WF.: Review of medical physiology,
6th ed. Los Altos, California : Lange Medical
Publ., 1973: 200

CASSEL DE, ZIEGLER RF.: Electrocardlo-
graphy in infants and children, New York: Grune
& Stratton, 1966.

SAHN DJ, DEMARIA A, KISSLO J,
WEYMAN A.: The Committee on M-mode
Standardization of the American Society of:
Echocardiography: Recommendations regarding
quantitation in M-mode echocardiography:
results of a survey of echocardiographic
measurements. Circulation 1978; 58: 1072-1081.
DEVEREUX RB, ALONSO DR, LUTAS EM,
GOTTLIEB GJ, CAMPO E, SACHS I,
REICHEK N.: Echocardiographic assessment of
left ventricular hypertrophy: Comparison to
necropsy findings. Am J Cardiol 1986; 57:
450-458, ,
DEVEREUX RB, CASALE PN, KLIGFIELD
P, EISENBERG RR, MILLER D, CAMPOE,
ALONSO DR.: Performance of primary and
derived M-mode echocardiographic measure-
ments for detection of left ventricular hyper-
trophy in necropsied subfects and in patients with
systemic hypertension, mitral regurgitation, and
dilated cardiomyopathy. Am J Cardiol 1986; 57:
1388-1393.

DEVEREUX RB.: Is the electrocardiogram still
useful for detection of left ventricular hyper-
trophy? Circulation 1990; 81: 1144-1146,
DEVEREUX RB,: Left ventricular mass in
children and adolescents. J Am Coll Cardiol
1988; 12: 709-711.

SNIDER AR, SERWER GA..: Echocardiogra-
phy in pediatric heart disease, 1st ed. Chicago:
Year Book Medical Publ., 1990: 80-81.



	233
	234-5
	236-7
	238-9
	240-1
	242-3
	244

