
Heart 1996;76:250-255

Severe aortic stenosis without left ventricular
hypertrophy: prevalence, predictors, and short-
term follow up after aortic valve replacement

Christian Seiler, RolfJenni

Abstract
Objectives-The purpose of the present
study in patients with severe aortic steno-
sis was to assess the prevalence of absent
left ventricular hypertrophy (LVH) (deter-
mined according to mass criteria), to
identify predictors of absent LVH, and to
assess short-term left ventricular adapta-
tion and prognosis after aortic valve
replacement.
Methods-Left ventricular mass (LVM)
was determined by echocardiography in
109 men and 101 women with severe
aortic stenosis (mean pressure gradient
< 50 mm Hg). LVH was defined as
LVM > 109 g/m2 in women and LVM
> 134 glm2 in men.
Results-One hundred and eighty nine
patients showed LVH (group 1) (90%;
mean (SD) age 65 (14) years), and 21
showed no LVH (group 2) (10%, age 57
(21) years P = 0-02 for difference in age).
Twelve (6%) of those without LVH had
increased relative wall thickness (that is,
> 0 45 with LV concentric remodelling)
and nine (4%) showed no macroscopically
detectable hypertrophic adaptation. The
following variables were associated with
the absence of LVH: low body surface
area, low body mass index, and increased
cardiac index. 76/210 patients were fol-
lowed up a mean ofsix months after aortic
valve replacement. The frequency of ade-
quate ventricular adaptation to the
decreased afterload after aortic valve
replacement was higher in patients with
LVH than in those without. Mortality six
months after aortic valve repacement was
lower, but not significantly, in patients
with LVH (7-6%) than in those without
LVH (12.5%, P = 0.10).
Conclusions-A tenth of patients with
severe aortic stenosis did not develop
LVH according to mass criteria; 4% of the
patients did not have any macroscopic
signs of myocardial adaptation to the
pressure overload despite longstanding
disease. Small body size was indepen-
dently associated with lack of LVH
according to mass criteria. Six months
after aortic valve replacement, ventricu-
lar adaptation was more often adequate in
patients with LVH than in those without.

(Heart 1996;76:250-255)
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Left ventricular hypertrophy is crucial to the
adaptation of the systemic circulation to pres-
sure or volume overload.' In severe aortic
stenosis the detection of extreme left ventricu-
lar hypertrophy indicates a poor prognosis.2
On the other hand, there are reports that some
patients show no or only a slight hypertrophic
response to the severe long-term increase in
afterload.3-5 Both excessive and minimal or no
hypertrophic responses to severe aortic steno-
sis have been shown to be related to increased
perioperative and postoperative mortality after
aortic valve replacement.6-8 When hypertrophy
is excessive, systolic dysfunction increases
mortality.6 It has been suggested that
increased left ventricular hypertrophy associ-
ated with increased vascular resistance in the
coronary microvasculature may contribute to
subendocardial ischaemia and lead to ventricu-
lar dysfunction.9 The mechanism relating min-
imal or no hypertrophy in severe aortic
stenosis to increased postoperative mortality
has not been elucidated.78 Moreover, the fre-
quency of and factors associated with an
absence of the hypertrophic response to severe
aortic stenosis are not known. An association
of female gender with small, hypercontractile
left ventricles showing increased relative wall
thickness has been suggested.4
Thus the purpose of the present, retrospec-

tive study in patients with severe aortic stenosis
was (a) to determine the prevalence of absent
left ventricular hypertrophy according to mass
criteria, (b) to identify factors associated with
the lack of left ventricular hypertrophy, and (c)
to assess ventricular adaptation to the
decreased afterload and the outcome six
months after aortic valve replacement in
patients with and without left ventricular
hypertrophy.

Patients and methods
STUDY POPULATION
From 1989 to 1992 all echocardiographic
studies performed at the University Hospital
of Zurich (about 16 000) were reviewed to
identify patients fulfilling the following crite-
ria: (1) severe aortic stenosis with a mean
pressure gradient across the aortic valve of
> 50 mm Hg, (2) no more than mild aortic
regurgitation, (3) no clinical signs of coronary
artery disease, and (4) no more than mild
mitral regurgitation. In 194 patients the aortic
valve area was calculated using the continuity
equation; it was 0-67 (0 22) cm2. Eight
patients fulfilling these criteria were excluded
because of poor quality M mode echocardio-
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Figure 1 LVmass and relative wall thickness. SchematicM mode echocardiograms of
differentforms ofLVgeometry are shown for the combined values ofLVmass index (MI)
(y axis; calculated on the basis ofechocardiographic measurements by the ellipsoidformula
of Troy et al'2) and relative LV waUl thickness (Th) (x axis; Th = 2PW + EDD"8). The
broken lines indicate the limit between normal and increased LVMI and Th,
respectively.'318 Arrows indicate the direction of adequate adaptation ofLVgeometry in
response to the decreased afterload after aortic valve replacement. BSA, body surface area
in Mi2; EDD, end diastolic diameter; ESD, end systolic diameter; LVH, left ventricular
hypertrophy; PW, posterior wall; S, septal wall.

graphic images. Two hundred and ten patients
(109 men and 101 women) were finally
included in the study. Information on clinical
status of these patients was obtained by
reviewing their charts.

DOPPLER ECHOCARDIOGRAPHIC RECORDING
Doppler echocardiographic recordings were
performed using a real time phased array sector
scanner (Sonos 500, Hewlett Packard,
Andover, Massachusetts, USA) with inte-
grated colour Doppler facilities and a trans-
ducer containing a 2-5 MHz crystal set for
imaging and continuous wave (CW) Doppler.
The recordings were stored together with a
trace from the peripheral lead of the electro-

Table 1 Demographic data

LVH No LVH P

Number 189 21
Age (yr) 65 (14) 57 (21) 0-02
Female/male (% female) 96/93 (51) 6/15 (29) NS
Body surface area (BSA, m2) 1-88 (0-28) 1-72 (0-23) 0 007
Body mass index (BMI, kg/M2) 25 (3) 24 (3) 0 047
Obese (BMI > 30 kg/M2) 17/185 (9%) 0/25 0-12
Heartrate 76 (16) 78 (11) NS
Sinus rhythm (%) 164/189 (87) 18/21 (84) NS
Atrial fibrillation (%) 25/189 (13) 3/21 (16) NS
Aortic valve area (cm') (n = 194)* 0-64 (0 22) 0-69 (0-28) NS

(n = 173) (n = 21)
Aortic valve area index (cm2/BSA) 0-34 (0 15) 0 40 (0-16) NS
Mean transaortic gradient (mm Hg) 67 (13) 65 (11) NS

cardiogram (ECG) on VHS video tape and
were analysed off-line using a track ball sys-
tem. To minimise the effect of respiratory vari-
ations on the assessment of dimensions and
velocity spectra, the data reported are the
mean of at least three beats. Doppler echocar-
diographic data were evaluated by two inde-
pendent observers who performed all
measurements after the end of the study.

Serial, cross sectionally guided M mode
recordings were made by standard techniques
with the subject in a supine left oblique posi-
tion.10

ECHOCARDIOGRAPHIC MEASUREMENTS
Left ventricular (LV) measurements were
obtained at end systole and at end diastole.
End diastolic measurements were made
according to the American Society of
Echocardiography (ASE) convention (that is,
the leading edge method"). The LV measure-
ments included interventricular septal thick-
ness at end diastole (S), the posterior wall
thickness at end diastole (PW), and the LV
internal dimension at end systole (ESD) and
at end diastole (EDD) (fig 1). From the dias-
tolic measurements, left ventricular mass
(LVM) was calculated from the ASE-conven-
tion measurements according to the equation
of Troy et al'2: LVM (g) = 1-04{(EDD + S +
PW)3- (EDD)3}. This estimate of LVM has
been shown to correlate strongly with LVM
derived from the Penn conventions (that is,
the trailing edge method'3). Accordingly,
LVM-Penn values (subsequently referred to as
LVM) were calculated with the following
regression equations:

s LVM-Penn (males) = 0-93 (LVM-ASE)
-17-92 g; LVM-Penn (females) =

0-88 (LVM-ASE) - 9 g

LVM-Penn measurements have been
shown to correlate strongly with necropsy and
angiographic data on LVM. 14-7 Left ventricu-
lar mass index (LVMI) was calculated by

r dividing LVM by body surface area (BSA,
mi2).

Criteria for left ventricular hypertrophy
(LVH) according to LVMI were LVMI > 134

r g/m2 for men and LVMI > 109 g/m2 for
women, representing the sex-specific 97th per-

i centile of a widely used reference standard in a
general population sample'3 (fig 1). The entire
study population was divided into two groups
according to their LVMI: patients with LVH
(group 1) and patients without LVH (group
2). We analysed the prevalence of absent LVH
determined by mass criteria and the demo-
graphic, clinical, echocardiographic, and
haemodynamic factors associated with it.

In patients without LVH we determined the
prevalence of an increase in relative LV wall
thickness (2PW . EDD > 0Q4518; that is, left
ventricular concentric remodelling, LVCR5),
normal relative LV wall thickness, and pre-
dictors of the presence or absence of LVCR
(fig 1).

FOLLOW-UP

From January 1989 through July 1994, a total
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LVH, left ventricular hypertrophy (defined as a left ventricular mass for women of > 109 g/m2
BSA and for men as LVM > 134 g/m' BSA").
*Valve area calculated by the continuity equation.
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Table 2 Clinical data

LVH NoLVH P

Years since diagnosis 7-6 (7-1) 5-2 ± 4 0 NS
NYHA class 2-3 (0 5) 2-0 (0-5) NS
Angina pectoris (%) 115/189 (64) 7/21 (33) NS
Dizziness (%) 74/189 (39) 7/21 (33) NS
Syncope (%) 40/189 (21) 6/21 (28) NS
Pulmonary venous congestion on x ray (%) 41/189 (22) 0/21 (0) 0 19
History of hypertension (%) 44/189 (23) 3/21 (16) NS
Ergometric working capacity

(in % of required workload) 63 (18) 90 (26) 0 03
Sokolowindex (mV) 4-2 (1-6) 2-6 (0-7) 0-03

LVH, left ventricular hypertrophy (defined as a left ventricular mass for women of > 109 g/m2
BSA and for men as LVM > 134 g/m2 BSA').
*Valve area calculated by the continuity equation.

Table 3 Echocardiographic data (mean (SD))

Variable LVH No LVH P

LV end diastolic diameter (cm) 5-1 (0 7) 4-3 (0 5) 0 0001
LV end systolic diameter (cm) 3-3 (0 8) 2-4 (0 6) 0 0001
LV end diastolic diameter index (cm/BSA) 2-9 (0 4) 2-5 (0-3) 0 0001
LV end systolic diameter index (cm/BSA) 1-8 (0-5) 1-5 (0 3) 0-0002
LV fractional shortening (%) 37 (10) 44 (10) 0-002
LV posterior wall thickness (cm) 1-27 (0-18) 1-14 (0-17) 0-0006
LV septal wall thickness (cm) 1-57 (0 36) 1-31 (0-21) 0 0007
Mean transaortic gradient (mm Hg) 67 (13) 65 (11) NS
Subvalvular gradient (mm Hg) 1 1 (3-3) 2-4 (5-3) 0-06
Left atrial dimension (cm) 4-2 (0 8) 3-8 (0 7) 0 01
Bicuspid, non-calcified valves 4/185 (2%) 3/25 (12%) 0 04
Relative wall thickness (2PW .-EDD) 0-51 (0 11) 0-60 (009) 005
LV mass (g) 314 (94) 193 (42) 0 0001
LV mass index (g/BSA) 167 (43) 112 (16) 0 0001

LVH, left ventricular hypertrophy (defined as a left ventricular mass for women of > 109 g/m2
BSA and for men as LVM > 134 g/m2 BSA'3).
*Valve area calculated by the continuity equation.

of 74 patients (age 62 (11) years; 40 men, 34
women) underwent aortic valve replacement
(AVR) because of worsening symptoms. They
had a follow up echocardiogram 5-6 (3-0)

months (from 0-2 to 29-2 months) after AVR.
Changes in mean pressure gradients across the
aortic valve, LVMI, fractional shortening, rela-
tive wall thickness, and LV geometry were
noted. Echocardiographic variables at baseline
that were predictive of a change in LV geome-
try that was consistent (or inconsistent) with
the reduced afterload after AVR were deter-
mined (fig 1).

STATISTICAL ANALYSIS
Univariate analysis: Between-group compar-
isons of demographic, clinical, and echocar-
diographic variables were performed using an
unpaired two-sided t test or one-way Anova
for continuous variables and a chi-squared test
for categorical variables. Regression analysis
was used to determine whether there was a
correlation between certain continuous vari-
ables and LVM. Multivariate analysis: A multi-
ple stepwise regression analysis was used to
determine independent predictors of absent
LVH in severe aortic stenosis (AS). Only vari-
ables not directly or indirectly related to the
calculation of LVM that were found to be
associated with absent LVH in severe AS in
the univariate analysis at a significance level of
< 0-05 were included in the multivariate
analysis.

Follow up data were analysed by a paired t
test and Anova for repeated measures.

Results
(A) INITIAL RESULTS
Patient characteristics: tables 1 and 2
There was no statistical difference in the sever-
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Figure 3 Changes ofLV
mass index, relative LV
waUl thickness, and systolic
fractional shortening after
aortic valve replacement
(six month follow up in 74
patients). At baseline
examination LV mass
index was significantly
higher and LVwal
thickness and systolic
fractional shortening were
significantly lower in group
1 (left ventricular
hypertrophy according to
mass criteria) than in
group 2 (no left ventricular
hypertrophy according to
mass criteria), respectively.
Duringfollow up, LV
mass index decreased
significantly in group 1,
and LV wall thickness and
systolic fractional
shortening decreased
significantly in group 2.
FU, follow up; LV, left
ventricular.
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ity ofAS as estimated from the mean transaor-
tic gradient across the aortic valve and by the
aortic valve area (n = 194) between the
patients with LVH and those without (table
1). Hundred and eighty nine of 210 patients
with severe AS showed LVH according to
mass criteria (group 1, 90%) whereas 21 of
210 patients did not (group 2, 10%). Patients
in group 1 were older than those in group 2:
65 (14) years v 57 (21) years (P = 0 02).
Among patients with LVH there were 96 men
and 93 women (50 v 50%, NS), and in the
group without LVH there was a tendency to a
higher proportion of men than women (15/21
= 71% v 6/21 = 29%, NS). The following
demographic and clinical variables were differ-
ent in the two groups (tables 1 and 2): body
surface area, body mass index (calculated as
body weight in kilograms divided by (body

height in metres)2), and ergometric working
capacity. There was no statistical difference in
the frequency of a history of hypertension or of
coronary artery disease between the two
groups. The Sokolow-Lyon index for LVH
was significantly higher in the group with LVH
than in the group without.

Echocardiographic data: table 3
Left ventricular end systolic and end diastolic
internal dimensions were significantly larger
and systolic fractional shortening was smaller
in the group with LVH than in the group with-
out. Also septal and posterior wall thickness
was higher in the group with LVH than in the
group without. Because all these variables are
related to the calculation of LVM they repre-
sent dependent variables with regard to LVH.
In addition the left atrial dimension was larger
and bicuspid, non-calcified aortic valves less
common in the group with LVH than in the
group without.

Relative LV wall thickness, a measure of
concentric hypertrophy in patients with LVH
and for concentric remodelling (LVCR) in
patients without LVH, was smaller in individu-
als with LVH than in those without.

Multivariate analysis
Age, body surface area, cardiac index, and the
size of the left atrium were independently
associated with presence or absence of LVH
according to mass criteria in severe AS. Figure
2 shows a significant correlation between body
surface area (BSA) and LVM; most patients
without LVH had values ofBSA below 1-8 M2.
Furthermore, body mass index (BMI) was sig-
nificantly higher in the group with LVH than
in the group without (table 1).

Subgroup analysis ofpatients without LVH
according to mass criteria
Among patients without LVH 12/21 (57%)
showed LV concentric remodelling (LVCR)
(relative wall thickness > 0A45) and 9/21
(43%) did not. Patients without LVCR were
younger than those with LVH and those with
LVCR (52 (23) v 65 (14) and 64 (19) years,
respectively, P < 0 05). The interval since
diagnosis of aortic stenosis was 3-2 (6 2) years
in patients without LVCR and 8&2 (6-1) years
in patients with LVCR (P < 0-05).

(B) FOLLOW UP DATA
Patients with follow up after AVR did not differ
from the entire study group with regard to the
prevalence of absent LVH or demographic,
clinical, and haemodynamic baseline variables.
Of the 74 patients in the follow up group, six
(811%) died postoperatively (one ofthem peri-
operatively), 5/66 (7-6%) had LVH according
to mass criteria and 1/8 (12.5%) did not (P =
0 10). Individuals in the groups with and with-
out LVH were followed for 5-3 (4 8) and 5-9
(1-1) months after AVR, respectively (NS).
Figure 3 shows the changes during follow up
after AVR in LVMI, relative wall thickness,
and systolic fractional shortening in the groups
with and without LVH. Changes in LV geom-
etry (combined changes in LV mass and rela-
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tive wall thickness) during follow up were
either consistent or inconsistent with the
decreased afterload after AVR (fig 1); patients
with LVH were significantly more likely to
show appropriate changes in LV geometry
(36% v 0%, P < 0 05) than those without and
significantly more likely to show fewer inap-
propriate changes (2% v 43%, P < 0-05).
Predictors at baseline examination for incon-
sistent changes in LV geometry after AVR
were an increased relative wall thickness and
increased mean transaortic pressure gradient.

Discussion
This study showed that left ventricular (LV)
hypertrophic adaptation to aortic stenosis dif-
fers widely with body size and age. This adap-
tive variability is reflected in the finding that
10% of the patients had a left ventricle that
was not hypertrophied according to mass cri-
teria and 4% did not reveal any macroscopic
sign of LVH (that is, not even concentric
remodelling) despite longstanding aortic
stenosis. Variables independently associated
with minimal or absent LVH were small body
size and a shorter time course of the disease.
Short-term follow up after aortic valve replace-
ment in about one third of the patients showed
that a re-adaptation of LV geometry to the
decreased afterload was more likely to be ade-
quate in patients with LVH than in those with-
out.

PATTERNS OF LV ADAPTATION TO AORTIC
STENOSIS
The main adaptation of the LV myocardium
to the pressure overload caused by aortic
stenosis is hypertrophy. The purpose of this
adaptation is to normalise LV wall stress (by
an increase in LV wall thickness) and to main-
tain systolic function.'9 However, a wide range
of different patterns ofLV adaptation to aortic
stenosis is possible, ranging from an excessive
adaptive response with eccentric hypertrophy6
to a response where there is not even an
increase in relative LV wall thickness. This
variability may be artificial, because it has been
shown that the prevalence of absent LVH in
severe aortic stenosis varies between 4% and
44% depending on the criteria used to define
LVH.'0 We used a very restrictive definition of
LVH in the present study in an attempt to
minimise the influence of such a definition
bias on the results of our study.

Studies in children with congenital aortic
stenosis have shown hypercontractile, thick-
walled left ventricles, indicating a mechanism
ofLV adaptation to pressure overload without
systolic dysfunction that is different from that
in adults.2' In the present study, the associa-
tion found in the group with LV concentric
remodelling between small body size and
absent LVH according to mass criteria proba-
bly suggests that in small adults myocardial
adaptation to severe aortic stenosis is similar
to that in children. In part, this may be due to
a below average heart size at the onset of the
increased afterload. This never exceeded the
97th percentile of the normal spectrum of LV

mass index.'3 Unlike other studies,4 we could
not find a direct relation between small hyper-
contractile, concentrically remodelled ventricles
and the female gender. Body size independent
of sex was associated with the presence or
absence ofLVH according to mass.
A surprising finding of our study, and to our

knowledge one that has not previously been
described, is that 4% of patients with severe,
longstanding aortic stenosis did not show any
macroscopic LV adaptation to the increased
afterload (no LVH according to mass criteria
nor LV concentric remodelling). The fact that
the interval since the diagnosis of aortic steno-
sis predicted this unique adaptive feature is
qualitatively not unexpected. However, the
mean interval of 3-2 years suggests that other
factors must be related to the macroscopically
absent adaptive response to the increased
afterload.

In addition to body surface area, body mass
index (BMI) was also related to LV adaptation
in aortic stenosis in the present study.
Previously, it has been suggested that a large
body mass index is an independent predictor
of the development of excessive LVH in the
presence of normal afterload." In patients in
the present study with excessive LVH and
depressed systolic function (18% of group 1
(BMI = 29-5 kg/M2) v the rest of the study
population (BMI = 23-8 kg/M2), P = 0 01),
the presence of overweight presumably repre-
sented volume overload as well as the pressure
overload caused by severe aortic stenosis.
Because no patients without LVH were obese
their left ventricles were not exposed to the
additional volume overload caused by
increased body weight.

SHORT-TERM FOLLOW UP AFTER AORTIC VALVE
REPLACEMENT
Does the more adequate re-adjustment of LV
geometry to the postoperative afterload reduc-
tion in patients with LVH influence outcome?
Possibly it merely reflects the absence of an
initial adjustment to the preoperatively
increased afterload. In our study, there is no
explanation why the postoperative deaths that
occurred exclusively among patients with
increased relative LV wall thickness irrespec-
tive of LV mass were causally related to the
adequacy of LV geometric adaptation.
However, our findings accord with those of
Orsinelli and coworkers7 and Aurigemma et a18
who both reported increased postoperative
mortality in patients with increased relative LV
wall thickness.

LIMITATIONS OF THE STUDY
Because this is a retrospective study the clini-
cal data may be incomplete. An important fac-
tor was our inability to define accurately the
duration of aortic stenosis. Therefore, the pre-
cise significance of this variable on the results
of this study can only be estimated. Data on
postoperative mortality in this study are insuffi-
cient to draw any firm conclusions because the
follow up period is clearly too short and the
absolute number of patients studies is too low
for statistical analysis.
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CONCLUSIONS
One tenth of patients with severe aortic steno-
sis did not develop LVH according to mass
criteria; and 4% of the patients showed no
macroscopic signs of myocardial adaptation to
the pressure overload despite a long-term
course. Small body size was independently
associated with absent LVH according to mass
criteria. Ventricular adaptation shortly after
aortic valve replacement was more likely to be
adequate in patients with LVH than in those
without.
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