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Electrocardiographic diagnosis of left ventricular hypertrophy
in the presence of left bundle branch block: a wasted effort
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We assessed the reliability of multiple electrocardiographic variables for detecting left ventricular
hyperÉrophy in lfi) patients (aged 73 to 92 years, mean age 39 I 14) with complete left bundle branch block
and different underlying cardiac diseases. Left ventricular hyperfrophy, defined as an echocardiographically
evaluated left ventricular mass > 7ll g, was present in 66 of the lfi) pafients. The electrocardiographic
paramefers with the highest sensitivity were both the Cornell voltage criteria (RaVL + SV3 > 28 mm in men
and > 20 mm in women) and the combination of criteria proposed by Kafka (any of these four indexes:
RaVL > ll mm, QRS axis -40o or less, SVl + RV5 or RV6 > 40 mm, SV2 > 30 mm and SV3 > 25 mm),
with a sensitivity of 77Vo. Both criteria had a very low specificify (32 and 357o, respectively). The high
specificities (> 887r) of several elecfrocardiographic criteria were accompanied by ineffective low sensitivi-
ties ( < 357o). Moreover, the cumulative parameters of Kafka and Cornell voltage criteria achieved a
sensitivity of 84 and 897o, respectively, in hypertensive patients and in those with valvar diseases. None of
the eiecfrocardiographic indexes tested showed a significative difference in sensitivity when applied in
categories of patients with left ventricular hypertrophy and different left ventricular geometry(cavity dilation
or concentric hypertrophy). These data indicate that both conventional and recently proposed electrocardio-
Eaphlc criteria for left ventricular hypertrophy in the presence of left bundle branch block poorly recognize
an augmented left ventricular mass.
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Introduction

Se";eral studies have demonstrated that anatom-
ic lefr ventricular hypertrophy is a common find-
tng i;, patients with left bundle branch block, but

n C"t respondence to: Pietîo Vincenzo Fragola, M.D., Via A.
rorloi .d 12, 00161, Rome, Italy.

disagreement exists as to whether or not the elec-
trocardiogram can be applied for diagnosing left
ventricular hypertrophy in these instances [1-13].
Both conventional [1-6] and recently proposed
electrocardiographic indexes for left ventricular
hypertrophy l7-l2l have given conflicting results
when tested in patients with left bundle branch
block, in both autopsy and echocardiographic
studies, and it seems that none of the criteria or
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combination of criteria significantly improve the
sensitivity and diagnostic accuracy of the electro-
cardiogram.

In the present study we evaluated the useful-
ness of a variety of electrocardiographic criteria
for left ventricular hypertrophy in a large series of
patients with left bundle branch block using an
echocardiographically determined left ventricular
mass as the reference standard. We also sought to
establish whether the reliability of each electro-
cardiographic parameter may change when differ-
ent underlying clinical states and/or left ventricu-
lar geometry are considered.

Materials and Methods

Patient population

The study group consists of 100 consecutive
hospitalized or out-patients (58 men, 42 women)
aged 23 to 92 years (mean 39 + 14) identified as

having complete left bundle branch block on
routine electrocardiogram according to the criteria
of the Ad Hoc Working Group of the World
Health Organization and the International Society
and Federation of Cardiology [14], and in whom a

technically excellent echocardiogram could be per-
formed within 15 days of the electrocardiogram.

Clinical diagnosis was established by a medical
history, complete physical examination, clinical
records when available, M-mode and cross-sec-
tional echocardiographic evaluation; cardiac cath-
eterization was performed in 15 undefined cases.
Twenty-seven patients were considered to have
systemic arterial hypertension, 10 valvar heart dis-
ease, 22 coronary arteial disease, 19 dilated
cardiomyopathy, 4 hypertrophic cardiomyopathy.
Eighteen subjects had no clinical evidence of asso-
ciated cardiovascular diseases and their left bun-
dle branch block was judged an isolated cardiac
abnormality.

Electrocardiographic analysis

All patients had a satisfactory 72-lead electro-
cardiogram correctly standardized (paper speed 25
mm/sec; sensitivity 1 mY /10 mm) and recorded
using a Hewlett-Packard 4160A Cardiograph- A1l

electrocardiograms were analyzed by two indei.,sn-
dent investigators without knowledge of the
echocardiographic results. Measurements of the
deflections were made manually to the neiirest
millimeter, QRS duration (msec) from any iead

and the mean QRS axis in the frontal plane 
'vs1s

also calculated (averaged, if necessary). Finally,
the presence or absence of a left atrial abnolnal-
ity was evaluated. The following criteria for left
ventricular hypertrophy were then analyzed: the
Sokolow-Lyon criteria (SV1 + RV5 or V6 > 35

mm); the "Cornell voltage" criteria (RaVL + SV3
> 28 mm in men and > 20 mm in women and
RaVL + SV3 > 35 mm in men and > 25 m;n in
women lI2,'1.51; RI + SIII > 25 mm; RaVL > 11

mm; SV1 or Y2 + RV6 > 40 mm; RV6 : RV5 volt-
age ratio (RV6 > RV5); Deepest S + tallest R in
precordial leads > 40 mm;

Furthermore, the indexes proposed by Klein et

al. [7] (SV2 + RV6 > 45 mm or the combination of
QRS duration > 160 msec and left atrial enlarge-
ment) and those proposed by Kafka et al' (8) (any

of these four parameters: RaVL > 11 mm, QRS
axis -40" or less, SV1 + RV5 or V6 > 40 mm,
SV2 > 30 mm and SV3 > 25 mm) were tested in
all cases.

Echocardiography

All subjects were studied using cross-sectional
M-mode echocardiograms from short-axis view

with corrected angulation of short-axis plane de-

fined in long-axis view [16]. Measurements tech-

niques were consistent with the American Society
of Echocardiography Convention using leading
edge to leading edge methodology [17]- Measure-
ments of left ventricular end-diastolic internal di-

mension (LVID), posterior wall thickness (PWT)'
interventricular septum tickness (IVST) were made

during the expiratory phase by two independent
observers; differences were resolved by joint re-

view. Relative wall thickness (Th/r) was evaluated
using the formula:

(rvsT + PWT)/LVID

Because the methods for measuring the echo-

cardiograms were consistent with the recorn'
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rnendations of the American Society of Echocar-
diography, the conected formula: left ventricular
mass

(s):0.80{1.04

x [(rvsr + LVrD + Pwr)3-LvrD3]]

+ 0.6,

described by Devereux et al. [18] was used to
calculate left ventricular mass. Left ventricular
hypertrophy was considered a echocardiographic
left ventricular mass (or mass index) > two stan-
dard deviations of the mean of a group of 54
subjects (our healthy reference group) providing
the normal values of our laboratory (162 + 39.5 g
or 94 + 13 g/rrt). Accordingly, patients were con-
sidered to have left ventricular hypertrophy when
the left ventricular mass was > 24J. g or > 120
g/m2. Moreover, since electrocardiographic volt-
ages have been known to be dependent on changes
in cardiac volume size and shape, we compared
the sensitivity of the different electrocardiographic
criteria in patients with left ventricular hyper-
trophv of concentric type (left -rentricular mass
greater than 24I g and relative wall thickness
> 0.55, excluding patients with hypertrophic
cardiomyopathy) and left ventricular hypertrophy
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with cavity dilation (internal diameter in diastole
> 56 mm).

Statistical analysis

The sensitivity, specificity, positive predictive
value and accuracy of each electrocardiographic
criteria in diagnosing left ventricular hypertrophy
were calculated by standard formulas [191.

Results

The clinical diagnoses of the 100 patients with
left bundle branch block are listed in Table 1; the
overall incidence of echocardiographically evaluat-
ed left ventricular hypertrophy was 667o. The
sensitivity, specificity, positive predictive value and
accuracy of each electrocardiographic index used
in diagnosing left ventricular hypertrophy are
grven in Table 2. Only the Cornell voltage criteria
(RaVL + SV3 > 28 mm in men and > 20 mm in
women) showed, as a single parameter, a good
sensitivity (77Va) although had a low specificity
(32Vo); its diagnostic accuracy was 627o. The com-
bination of the four criteria proposed by Kafka et
al. t8l gave similar results (sensitivity : 77%;
specificity :35Voi accuracy :63Vo). The high
specificity (> 88Vo) of several electrocardiographic
indexes was accompanied by an ineffective low
sensitivity (< 35Vo).

TABLE 1

Clirucal diagnosis of patients (pts) with and withour left ventricular hypertrophy (LVH) at echocardiogram

Diagnosis No. of pts LVH Echo mass (g) No LVH Echo mass (g)

cnal
dew
de-

ech-
iety
ling
ure-

di-
rD,
,ade
lent
re'

rted

ho-
)m-

SYsternic arterial hypertension

Valvai heart disease

Coronary arterial disease

range 243-380
mean296-47.7
range 243-481
mean 367 + 95.6
range 245-557
mean 323.4 + 89.1
nnge279-50O
mean 381 + 68.3
range 374-551
mean 449.7 -l 7.8
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range 243-557
mean343.4 + 84.7

nnge 149-270
mean 179 126.1

178

range 735-217
mean 18ó + 26.7

225

range 120-230
mean 174.8 + 29.6
range 120-230
mean 180 + 28

I

22

t9Dilaterl cardiomyopathy

HlPertrophic cardiomyopathy

No d,rtectable cardiovascular disease

Total

18

18

t7
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TABLE 2

Sensitivity (Sn), specificity (Sp), positive predictive value (Ppv) and accuracy (Acc) of ECG criteria for left ventricular hyperrrophy

Men

sn (%) Sp (%) Sn (%) sp (%) Sn (%) sp (%) Ppv (%) Acc (%)

Alt

F*''
l
I

ît

Se

sv
i;l SVl + RV5/V6 > 35 mm

SV3 + RaVL (12)
> 28 mm in men
> 20 mm in women

sv3 + RavL (15)
> 35 mm in men
> 25 mm in women

zu+SIII>25mm
RaVL > 11 mm
SV1/SV2 + RV6 > 40 mm
RV6 > RV5
DeepestS*tallestRin

precordial leads
>40mm

QRS duration
> 160 msec

Left atrial abnormality
Klein [71
Kafta [8]

31
64

33

33
100

83

t7
29
54
96
46

8

88
44

32
77

69
22

88 84
32 69

94

82
100

35

88

77
100
70

51
62

52

42
44
59
54
56

47

4
47
63

t2
t2
48
62
2'7

69

94
94
81
13

100

100

39

100
94
72
t7
94

74
18
50
74
35

90
8ó
80
63
96

9"t
94
7'7
15
97

31

19
19
69

89 23

78 18
100 20
JJ I J

88 77
100 27
38 92

SV
SV

sv
SV

Ra\

sv1

RV(

Deq
preo

QRS

Atria

Kl€ir

Kafk,

HP:
cardit

subs(
disea
serve
disea
of lel
goriet

'When the electrocardiographic criteria were
tested in subsets of patients with different un-
derlying cardiac diseases (Table 3) a slight in-
crease ir sensitivity was observed for the cumula-
tive parameters of Kafka et al. [8], the RV6 > RV5
index and Cornell voltage criteria [12] who all
achieved a value of 84Vo in hypertensive patients
and a value of 89% in those affected by valvar
heart disease. The sensitivity of the remaining
criteria, although improved in some instances,
never achieved a satisfactory value (Table 3). Be-
tween the 66 patients with left ventricular hyper-
trophy, 40 had a left ventricular dilation and 10 a
left ventricular hypertrophy of concentric type at
echo; when we compared the effectiveness of the
electrocardiogaphic indexes of left ventricular hy-
pertrophy in these two categories of patients we
found a significative difference in sensitivity only
for the Cornell voltage criteria [12] who demon-
strated a value oî 90Vo in patients with left ventric-
ular hypertrophy of concentric type versus 30% in
those with cavity dilation (P < 0.001).

Discussion

Most currently employed electrocardiographic
criteria in the assessment of left ventricular hyper-
trophy have generally demonstrated low sensitiv-
ity and limited utility in the presence of left bun-
dle branch block [1-13]. Thus, several studies
proposed the use of various new voltage electro-
cardiographic indexes [7-721 as individual param-
eters or in relatively complex formula, demonstrat-
ing an improvement in sensitivity without adverse
effects on the specificity in estimating left ventric'
ular hypertrophy. This was not true in our study.
The results of our series revealed that neither
voltage nor non-voltage criteria were valid in the

face of left bundle branch block in recogniing
those patients with an augmented left ventricular
mass. The best voltage criteria were those plo-
posed by Casale et al. I72l and Kafka and col'
leagues [8] that achieved a sensitivity oî 77Vo búa
very low specificity and diagnostic accuracy. Fur'
thermore, when these two indexes were applied in
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Sensitivity % (Sn) and specificity % (Sp) of the ECG criteria for left ventricular hypertrophy in the different clinical settings

CAD HCM NDCVD
pertrophy.

" 
(%)

753311Sn 33

63
'73

SVl + RV5/V6 > 35 mm

SV3 + RaVL > 28 mm men
sV3 + RavL > 20 mm women

sv3 + RavL > 35 mm men
SV3 + RaVL > 25 mm women

Rl + SIII > 25 mm

RaVL > 11 mm

SV1/V2 + RV6 > 40 mm

RV6 > RVs

DeepestS+tallestRin
precoidial leads > 40 mm

QRS > 160 msec

Atrial enlargement

Klein [7]

Kafka [8]

100
100

100 Nv
18 2s

Sp 86 100
Sn 84 89

53
0

50
0

94
0

94
0

43
53

57
11

100
27

100
42

100
t)

0
33

100
55

100
33

100
44

100

89
100

0
33

100
67

100
44

100
t7

r00
17

100
50

100
44

100
1)

100
))

NV
25

NV
25

NV
25

NV
15

NV
25

NV
50

NV
50

NV

50
NV

l

l
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Sp
Sn

Sp
Sn

Sp
Sn

Sp
Sn

Sp
Sn

Sp
Sn

Sp
Sn

Sp
Sn

Sp

Sn
Sp

100
'72

86 100
84 89

63
67

25
27

r00

100
7

88
47

88
13

88
13

11
100

t4
37

86
11
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16
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0

100
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0
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24

"18
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28
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HP: hypertension; VD : valvar disease; CAD - coronary arterial disease; DC: dilated cardiomyopathy; HCM: hypertroPhic
cardic,myopathy; NDC: no evidence of cardiovascular disease- NV: not valuable.

sub-cets of patients with different cardiovascular
diseases, a slight increase in sensitivity was ob-
servrrd only in systemic hypertension and valvar
diseases, likely not related to the higher prevalence
of k:ft ventricular hypertrophy in these two cate-
gorir.rs of patients. In fact, the same indexes showed

even a lower sensitivity when tested in other clini-
cal states, like dilated or hypertrophic cardiomyo-
pathy with nearly 100% prevalence of left ventric-
ular hypertrophy (Table 1).

In our study, as in others [10], QRS duration
> 155 msec, predicted left ventricular hypertrophy
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in a good proportion of patients (positive predic-
tive value : 88Vo). We had better results with some
voltage criteria (Table 2).

Regarding the suggested influence of left
ventricular geometry'(wall thickness or cavity
volume predominance in the hypertrophic ven-
tricle) on electrocardiographic voltages [20,21],
from our dala we are unable to determine which
was the anatomic variable that plays a greater role
in augmenting potentials; however, the RaVL +
SV3 index showed a higher sensitivity when tested
in subjects with left ventricular hypertrophy of
concentric type.

Left ventricular hypertrophy has been estab-
lished as a predictor of major cardiovascular events
Í22-251, especially in patients with left bundle
branch block: hence, its recognition and quantifi-
cation has a great relevance in diagnostic assess-
ment and in deciding an appropriate therapeutic
intervention. In this regard the unaffectiveness of
electrocardiogram in detecting left ventricular hy-
pertrophy, mainly related'to a low sensitivity, re-
quires an echocardiographic evaluation. In our
study the poor performance of the various electro-
cardiographic criteria for left ventricular hyper-
trophy seems to be affected by factors other than
the prevalence of left ventricular hypertrophy of
the sample population.
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