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Abstract
Objective-To assess the prevalence of
ventricular late potentials and ventricu-
lar tachycardia in hypertensive subjects
with left ventricular hypertrophy and to
study their relation to clinical character-
istics.
Setting-Teaching and general hospital
in Padua.
Methods-107 hypertensive subjects with
echocardiographic signs of left ventricu-
lar hypertrophy were studied with signal
averaged electrocardiography and 24
hour Holter monitoring. Signal averaged
electrocardiogram analysis was per-
formed with high pass filters of 25 Hz,
40 Hz, and 80 Hz. Ventricular late poten-
tials were considered to be present if at
least two determinants of the signal aver-
aged electrocardiogram were abnormal
in one of the three filters. 70 normoten-
sive subjects served as age matched con-
trols.
Results-25% (27) of the hypertensive
subjects and 6% (four) of the controls
showed late potentials on signal averaged
electrocardiography (P < 0.0001). The
hypertensive subjects with late potentials
had a higher prevalence of ventricular
tachycardia (33%, 9127) than those
without late potentials (13%, 10/80;
P = 0.035). Twenty nine per cent (31/107)
ofthe hypertensive subjects had an inver-
sion of the early to atrial filling velocity
(E/A ratio < 1) on Doppler analysis of
transmitral flow. Within this group the
percentage ofsubjects with late potentials
(55%, 17/31) and ventricular tachycardia
(42%, 13/31) was much greater than that
within the group of subjects without an
inverted E/A ratio (13%, 10/76 (P <
0.0001) and 12%, 9176 (P = 0-001) respec-
tively). In a multivariate analysis only the
E/A ratio was related to the presence or
absence of either late potentials (P =

0-0001) or ventricular tachycardia (P =

0.0008). Both late potentials and ventric-
ular tachycardia were unrelated to left
ventricular mass, geometry, and systolic
performance.
Conclusions-A relation was found
between the occurrence of ventricular
tachycardia and the presence of late
potentials in hypertensive subjects with
left ventricular hypertrophy. Impaired

left ventricular filling was the main
marker for the arrhythmogenic substrate
present in this disease.

(Br HeartrJ 1995;73:258-262)
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Several studies have shown that hypertensive
patients with left ventricular hypertrophy are
at increased risk of sudden cardiac death.'-3
These results led to the hypothesis that ven-
tricular arrhythmias are responsible for this
increased mortality. Such patients also have
an increased frequency of complex ventricular
extrasystoles including ventricular tachycar-
dia,47 but the role of these arrhythmias is not
established.

In the past few years the study of ventricular
late potentials has proved useful in identifying
patients at risk of life threatening ventricular
arrhythmias or sudden death after acute
myocardial infarction.8 9 Moreover, late
potentials are a marker of more serious dis-
ease, such as mitral valve prolapse'0 and
dilated" 12 or hypertrophic"3 cardiomyopathy.
Much less is known about the prevalence and
clinical significance of late potentials in hyper-
tensive left ventricular hypertrophy, as only a
few data drawn from small groups of subjects
have been published.' "7
Our aims were (a) to assess the prevalence

of late potentials in a large population of sub-
jects with mild to severe hypertension and
echocardiographic signs of left ventricular
hypertrophy and (b) to study the relation
between late potentials, the occurrence of
ventricular tachycardia, and various clinical
characteristics.

Patients and methods
SUBJECTS
The study population consisted of 107 con-
secutive patients with mild to moderate
hypertension (73 men and 34 women; mean
age 57 (SD 17) years) and echocardiographic
signs of left ventricular hypertrophy (see
later). Their mean blood pressure was
171 (23)/106 (17) mm Hg. Antihypertensive
treatment, if any, was withdrawn at least two
weeks before the start of the study. No patient
had angina or previous myocardial infarction.
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Table 1 Mean (SD) measurements on signal averaged
echocardiography in 107 hypertensive subjects according to
presence or absence of ventricular late potentials

Ventricular late potentials

Present (n = 27) Absent (n = 80)

QRS duration (ms):
Standard 107 (30) 89 (13)
Filtered:

25 Hz 139 (18) 119 (16)
40 Hz 129 (20) 109 (14)
80 Hz 120 (22) 97 (14)

RMS 40
25 Hz 43 (16) 114 (63)
40 Hz 26 (21) 60 (27)
80 Hz 12 (8) 34 (18)

Duration of signals < 40,uV (ms)
25 Hz 23 (15) 18 (5)
40 Hz 34 (14) 25 (8)
80 Hz 46 (17) 24 (8)

40, root mean square amplitude in the last 40 ms of the
filtered QRS.

Patients with bundle branch block were
excluded from the study.

Seventy healthy subjects (48 men and 22
women) with a mean age of 57 (16) years
served as controls. Forty of them (27 men and
13 women, mean age 57 (15)) underwent
echocardiographic examination.
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AMBULATORY ELECTROCARDIOGRAPHIC
RECORDING
We used a two channel ICR 7200 Holter

als recorder (Instruments for Cardiac Research,
ntials Liverpool, USA) or a 90250 Spacelabs

recorder (Spacelabs, Redmond, USA) to
)29 record electrocardiograms over 24 hours.

During the recording subjects carried out
their ordinary daily routine. Tapes were

scanned on an ICR Holter cardiography sys-

tem (6201 series) using the procedure
described elsewhere.'8 Patients were divided
into two groups according to whether
they showed ventricular tachycardia, which
was defined as at least three consecutive
ventricular extrasystoles (heart rate > 100
beats/minute).

SIGNAL AVERAGED ELECTROCARDIOGRAPHY

Signal averaged electrocardiograms were
001 recorded with a Marquette Electronics Mac

15 system (Milwaukee, USA).14 19 Three high
pass filters set at 25, 40, and 80 Hz were used
and signals from 400 to 700 beats were aver-

aged to achieve a final noise level of < 0-6
- pV.20 21 The reason for using these filters is

that each has different sensitivities and speci-
ficities." Abnormal values in a signal averaged
electrocardiogram were defined according to
the criteria of Machac et al: a root mean

square voltage of < 25 ,uV for the 25 Hz filter,
< 20,uV for the 40 Hz filter, and < 17 uV for
the 80 Hz filter were considered to be abnor-
mal.23 For low amplitude signals, values > 32

ricular ms for the 25 Hz filter, > 38 ms for the 40 Hz
nd EIA filter, and > 42 ms for the 80 Hz filter were
nsise considered to be abnormal. Corresponding
tricular abnormal values for QRS duration were >ng to

r 114 ms, 114 ms, and 107 ms. Ventricular late
potentials were considered to be present if at

ntials least two determinants of the signal averaged
electrocardiogram were abnormal within one

of the three filters, provided that QRS com-
plex potentials were visible with an amplitude
more than three times the baseline noise.20

ECHOCARDIOGRAPHY
Echocardiograms were recorded using a
Hewlett-Packard unit with a 3 MHz trans-
ducer, and they were interpreted blindly and
independently by two experienced physicians.
Echocardiographic data were calculated
according to the procedure described else-
where.4 18 Left ventricular mass was calculated
according to the method of Devereux and
Reichek24 and was normalised to body surface
area. Men with a left ventricular mass index >
134 g/m2 and women with a left ventricular
mass index > 110 g/m2 were said to have left
ventricular hypertrophy. The ratio of intra-
ventricular septum thickness and posterior
wall thickness (h) to left ventricular diastolic
diameter (r) was calculated to distinguish
between concentric (h/r > 0 45) and eccen-
tric (h/r < 0 45) left ventricular hypertrophy.

Left ventricular diastolic filling was studied
by means of Doppler analysis of transmitral
flow.25

Peak early and atrial velocities and the ratio
of early to atrial velocity (E/A) were calcu-
lated.

STATISTICS
Values were expressed as means (SD).
Student's t test for unpaired observations was
used for the comparisons of the numerical
variables. x2 Analysis was performed to com-
pare the categorical variables. The association
between various measures of the signal aver-
aged electrocardiogram and echocardio-
graphic data was assessed by the Pearson
product-moment correlation test. To assess
what clinical variables influenced the occur-
rence of late potentials and of ventricular
tachycardia, backward stepwise logistic
regression analysis (Wald method) was per-
formed, using late potentials (positive or nega-
tive) and ventricular tachycardia (present or
absent) as the dependent variables and left
ventricular mass index, the h/r ratio, the E/A
ratio, ejection fraction, age, and sex as the
independent variables (sPss-PC program).
The P values used for entry and removal of
variables were set at 0 05 and 0 10, respec-
tively.
A P value of < 0 05 was considered to be

significant.

Results
ECHOCARDIOGRAPHIC FINDINGS
Left ventricular mass index (g/m2) was 194-7
(47.5) in the 107 hypertensive subjects (193'4
(47 2) in the 73 men and 197-4 (48-8) in the
34 women). Mean ventricular end diastolic
diameter was 54 (5) cm and the h/r ratio 0 47
(0 08). Left ventricular ejection fraction was
59% (5%) and the E/A ratio 1-71 (0 45). No
subject had an ejection fraction lower than
40%.

In -the 40 normotensive controls in whom
echocardiographic data were acquired the
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Table 2 Mean (SD) findings on echocardiography in 107 hypertensive subjects
according to presence or absence of tachycardia

Ventricular tachycardia

Present (n = 19) Absent (n = 88) P value

Left ventricular mass index 216 (56) 189 (44) 0-025
E/A 1-33 (0 55) 1 81 (0 45) <0-0001
h/r 0-46 (0-13) 0-47 (0-07) NS
Left ventricular ejection fraction (%) 56-7 (5 0) 59-3 (5 4) NS

E/A, early to atrial maximal velocity of transmitral flow at Doppler analysis.
h/r, interventricular septum thickness plus posterior wall thickness in diastole divided by end
diastolic left ventricular internal diameter.

mean left ventricular mass index was signifi-
cantly smaller (106-2 (15-2); P < 0-0001).

M Late potentials
_ No late potentials

PREVALENCE OF VENTRICULAR LATE POTENTIALS
Twenty seven patients (25%) and four con-
trols (6%) had ventricular late potentials on
signal averaged electrocardiography, a differ-
ence which was highly significant (P <
0.0001).
Among the hypertensive patients the preva-

lence of late potentials was slightly but not
significantly higher in men (29%, 21/73) than
in women (18%, 6/34). Age was also unre-
lated to the prevalence of late potentials,
which were present in 25% (19/77) of the
subjects who were older than 50 and in 27%
(8/30) of those who were 50 or younger.
Table 1 shows the signal averaged electrocar-
diographic measurements in the patients
according to the presence of late potentials.

PREVALENCE OF VENTRICULAR ARRHYTHMIAS
Eighty four hypertensive patients (79%) had
at least one ventricular ectopic beat during
recording over 24 hours. Twenty of them
(19%) showed isolated ventricular extrasys-
toles > 500/24 h, 24 (22%) multifocal ectopic
activity, 21 (20%) ventricular couplets, and
19 (18%) non-sustained ventricular tachycar-
dia. Ventricular tachycardia always consisted
of a short run of three to six ventricular beats,
with a heart rate of 130 to 180 beats/minute.

RELATION BETWEEN VENTRICULAR LATE

Ventricular POTENTIALS AND ECHOCARDIOGRAPHIC
tachycardia FINDINGS

Left ventricular mass index was higher in the
hypertensive subjects with late potentials than
in those without (figure 1). The percentage of
men and women did not differ between the
two groups (X2= 1-52; P=0-21). The h/r
ratio was similar in the subjects with (0 477
(0.15)) and without (0.472 (0 048)) late
potentials. Left ventricular ejection fraction
was also similar in the two groups (57 5%
(6 8%)) in the subjects with late potentials
and 59-2% (4 6%) in those without).
However, the E/A ratio was far lower in the
patients who had late potentials on signal

\lo ventricular averaging (figure 1).
tachycardia

Figure 2 Prevalence of
ventricular late potentials
among 19 hypertensive
subjects with ventricular
tachycardia and 88 without
such tachycardia.

RELATION BETWEEN VENTRICULAR TACHYCARDIA,
ECHOCARDIOGRAPHIC FINDINGS, AND

VENTRICULAR LATE POTENTIALS
The 19 patients with ventricular tachycardia
had a greater left ventricular mass and a lower
E/A ratio than those without (table 2). The h/r

ratio and left ventricular ejection fraction were
not different in the two groups.

Compared with the patients without late
potentials, the patients with late potentials
more often showed ventricular tachycardia on
Holter monitoring. Overall, 13% (10/80) of
those without late potentials had ventricular
tachycardia compared with 33% (9/27) of
those with late potentials (P = 0 035).
Conversely, late potentials were more fre-
quent in the subjects with ventricular tachy-
cardia (47%, 9/19) than in those without
(21%, 18/88) (figure 2).
The percentage of late potentials did not

differ according to the number of ventricular
extrasystoles (> or < 500/24 h).

Thirty one subjects (29%) manifested an
inversion of the E/A ratio on Doppler analysis
of transmitral flow; the remaining 76 (71%)
had an E/A ratio > 1.
The prevalence of late potentials was 55%

(17 patients) and that of ventricular tachycar-
dia 42% (13) in the patients with an inverted
E/A ratio. These prevalences were far greater
than those in the subjects without an inverted
E/A ratio (13% (10/76) and 12% (9/76),
respectively) (fig 3).

PEARSON CORRELATION COEFFICIENTS
Table 3 shows the association between signal
averaged electrocardiographic parameters and
the E/A ratio and left ventricular mass. The
E/A ratio correlated with QRS duration and
root mean square amplitude in the last 40 ms
of the QRS with all filters of analysis, and with
low amplitude signals with the 80 Hz filter.
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with ventricular late potentials and ventricular tachycardia
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Table 3 Correlation coefficients between signal averaged electrocardiographic parameters
and EIA ratio and left ventricular mass

Left ventricular
EIA mass index

r P value r P value

Duration of filtered QRS (ms):
25Hz -039 0001 0-15 NS
40 Hz -0-41 < 0 001 0-15 NS
80 Hz -0-46 < 0 001 0-21 0-03

RMS 40:
25 Hz 0-41 0 001 -0-18 NS
40 Hz 0 39 < 0 001 -0-20 0-04
80 Hz 0-47 < 0 001 -0-23 0-02

Duration < 40 ,uV (ms):
25 Hz -0-20 NS 0-05 NS
40 Hz -0-19 NS 0-06 NS
80Hz -044 <0001 0-18 NS

E/A, ratio of early to atrial maximal velocity of transmitral flow.
RMS 40, root mean square amplitude in the last 40 ms of the filtered QRS.

These relations, however, explained only
15%-22% of the variance. Left ventricular
mass index showed a weaker association with
the electrocardiographic parameters, which
was limited to QRS duration with the 80 Hz
filter and to root mean square amplitude in
the last 40 ms of the QRS with the 40 Hz and
80 Hz filters.

MULTIVARIATE ANALYSIS
When logistic regression analysis was used to
determine the independent relation of age,
sex, left ventricular mass index, the h/r ratio,
ejection fraction, and the E/A ratio to the
occurrence of late potentials only the E/A
ratio showed a significant relation (Wald X2 =

16-2; P = 0-0001). When the same variables
were examined to test their relation to the
occurrence of ventricular tachycardia, a signif-
icant relation was found only for the E/A ratio
(Wald /2 11-2; P = 0-0008).

Discussion
Patients with hypertensive left ventricular
hypertrophy have an increased frequency of
complex ventricular extrasystoles,45 including
non-sustained ventricular tachycardia.67 The
occurrence of complex ventricular ectopic
beats does not, however, necessarily reflect
the presence of a genuine arrhythmogenic
substrate. We observed an increased fre-
quency of complex ventricular ectopy in pro-
fessional athletes without underlying cardiac
disease,'826 but this finding did not imply an
increased risk of sudden cardiac death.27 Little
is known about the relation between ventricu-
lar ectopy detected by 24 hour monitoring
and the prognosis in hypertensive patients
with cardiac hypertrophy, especially in sub-
jects without left ventricular systolic dysfunc-
tion.28 Thus, the presence of complex
ventricular ectopy in hypertensive subjects
with left ventricular hypertrophy does not
prove that it heralds fatal electric events.29
This enabled us to assess whether an arrhyth-
mogenic substrate exists in hypertensive left
ventricular hypertrophy and whether it was
related to the occurrence of non-sustained
ventricular tachycardia.

In agreement with previous observations in
smaller populations'''7 the prevalence of ven-

tricular late potentials in our hypertensive
patients with left ventricular hypertrophy
(25%) was greater than that in a group of
healthy normotensive controls studied by the
same methods (6%). To our knowledge, a low
prevalence of late potentials in hypertensive
left ventricular hypertrophy has been reported
only by Pringle et al, who used a more restric-
tive approach in defining late potentials (three
determinants with the 40 Hz filter).30
We found that late potentials were more

frequent in the subjects who manifested
episodes of ventricular tachycardia on Holter
recording than in the subjects with minor
forms of ectopy or no arrhythmias. Subjects
with late potentials and those with ventricular
tachycardia had a greater left ventricular mass
index than had those without. In the multiple
regression analysis, however, no association
was found between late potentials or ventricu-
lar tachycardia and the degree of hypertrophy.
The only variable which seemed to be inde-
pendently related to the presence of late
potentials was the E/A ratio, which showed a
close correlation also with the occurrence of
ventricular tachycardia. Moreover, among the
subjects with more severe diastolic dysfunc-
tion (E/A ratio < 1) 55% had late potentials
and 42% ventricular tachycardia.

Ventricular late potentials represent low
amplitude, fractionated electrical activity and
are the markers of an arrhythmogenic sub-
strate, which may be the source of re-entry.3'
Interstitial fibrosis, which is closely associated
with the occurrence of ventricular arrhythmias
in hypertensive myocardiopathy,'2 can result
in abnormal impulse propagation throughout
the myocardium and lead to re-entry. On the
other hand, diffuse or even subendocardial
fibrosis rather than the increase in left ventric-
ular mass seems to be the main determinant
of impaired left ventricular relaxation in
myocardial hypertrophy.3-35 Indeed, White et
al found no relation between impairment of
left ventricular diastolic function and degree
of myocardial hypertrophy.6 Our results are
in keeping with those of the aforementioned
studies because the degree of diastolic dys-
function rather than of echocardiographic left
ventricular hypertrophy was related to the
presence of late potentials. This lack of a rela-
tion between left ventricular mass and the
occurrence of late potentials has been
reported previously.'7 37

In our study patients who had late poten-
tials were comparable with those who did not
in terms of their ventricular ejection fraction,
but we emphasise that none of our patients
had severe left ventricular systolic dysfunc-
tion. The geometry of the left ventricle was
also unrelated to the presence of late poten-
tials, the h/r ratio being almost equal in
patients with and without late potentials, and
not varying according to the presence or
absence of ventricular tachycardia. Moreover,
in the multiple regression analysis the h/r ratio
was totally unrelated to either late potentials
or ventricular tachycardia. These results are at
variance with those of Galinier et al"4 and
Franchi et al,"5 who found that the prevalence
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of late potentials was greater in subjects with
eccentric left ventricular hypertrophy than in
those with concentric hypertrophy. However,
the difference in our two results is probably
the result of the depressed left ventricular sys-
tolic performance in eccentric hypertrophy.
The discordance found in some of our

patients between the presence of late poten-
tials and the occurrence of ventricular tachy-
cardia deserves a final comment. This finding
suggests that the presence of a short run of
ventricular tachycardia does not, in itself,
imply a re-entrant substrate and that mecha-
nisms other than re-entry are at work in deter-
mining ventricular tachycardia in hypertensive
myocardiopathy. However, ventricular
arrhythmias are not highly reproducible in
repeated recordings,38 so complex forms of
arrhythmias may be missed in a single 24 hour
Holter study.

In conclusion, our results show that the
prevalence of late potentials and of non-
sustained ventricular tachycardia is increased
in subjects with hypertensive myocardiopathy.
Impaired left ventricular filling rather than the
degree of hypertrophy is the main marker of
the arrhythmogenic substrate present in this
disease and thus might represent a more
important risk factor than left ventricular
mass for cardiac sudden death. However, left
ventricular geometry and systolic function do
not seem to influence the ventricular arrhyth-
mogenesis, at least in patients who do not
have severe left ventricular systolic dysfunc-
tion or left ventricular dilatation.
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