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ABSTRACT

BACKGROUND
The influence of left ventricular outflow tract obstruction on the clinical outcome of hy-
pertrophic cardiomyopathy remains unresolved.

METHODS

We assessed the effect of outflow tract obstruction on morbidity and mortality in a
large cohort of patients with hypertrophic cardiomyopathy who were followed for a
mean (+SD) of 6.3+6.2 years.

RESULTS

Of'the 1101 consecutive patients, 273 (25 percent) had obstruction of left ventricular
outflow under basal (resting) conditions with a peak instantaneous gradient of at
least 30 mm Hg. A total of 127 patients (12 percent) died of hypertrophic cardiomy-
opathy, and 216 surviving patients (20 percent) had severe, disabling symptoms of
progressive heart failure (New York Heart Association [NYHA] functional class III or
IV). The overall probability of death related to hypertrophic cardiomyopathy was sig-
nificantly greater among patients with outflow tract obstruction than among those
without obstruction (relative risk, 2.0; P=0.001). The risk of progression to NYHA
class IIT or IV or death specifically from heart failure or stroke was also greater among
patients with obstruction (relative risk, 4.4; P<0.001), particularly among patients 40
years of age or older (P<0.001). Age-adjusted multivariate analysis confirmed that out-
flow tract obstruction was independently associated with an increased risk of both
death related to hypertrophic cardiomyopathy (relative risk, 1.6; P=0.02) and progres-
sion to NYHA class III or IV or death from heart failure or stroke (relative risk, 2.7;
P<0.001). The likelihood of severe symptoms and death related to outflow tract ob-
struction did not increase as the gradient increased above the threshold of 30 mm Hg.

CONCLUSIONS
In patients with hypertrophic cardiomyopathy, left ventricular outflow tract obstruc-
tion at rest is a strong, independent predictor of progression to severe symptoms of
heart failure and of death.
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YPERTROPHIC CARDIOMYOPATHY IS A

genetic cardiac disease with heteroge-

neous phenotypic expression and a di-
verse clinical course characterized by both sudden
death and disabling symptoms related to heart fail-
ure.1-12 Historically, even from the first clinical de-
scriptions, the leftventricular outflow tract gradient
has been a prominent and quantifiable feature of hy-
pertrophic cardiomyopathy.1-5:13-22 Major therapeu-
tic interventions (such as ventricular septal myec-
tomy, percutaneous alcohol septal ablation, and
dual-chamber pacing) have been introduced to re-
lieve disabling symptoms associated with outflow
tract obstruction.5:©:23-26 However, the long-term
effect of the subaortic gradient on clinical outcome
continues to be a source of uncertainty. Therefore,
we analyzed a large cohort of patients with hyper-
trophic cardiomyopathy in order to define the rela-
tion between the outflow tract gradientand the clin-
ical course.

METHODS

STUDY POPULATION

A total of 1101 consecutive patients with hyper-
trophic cardiomyopathy were enrolled: 364 at
Azienda Ospedaliera Careggi in Florence, Italy; 200
at Federico II University of Naples in Naples, Italy;
and 537 at the Minneapolis Heart Institute in Min-
neapolis. The initial clinical evaluation was defined
as the time at which the left ventricular outflow tract
gradient was first assessed by continuous-wave
Doppler echocardiography at each institution from
July 1983 to December 2001. The mean (+SD) du-
ration of follow-up, from the initial measurement of
the gradient to the most recent evaluation or death,
was 6.316.2 years. All patients enrolled in the study
signed a statement, previously approved by Allina
Health System in Minneapolis or conforming to the
Authority for Privacy Act in Italy, agreeing to the use
of their medical information for research purposes.

ECHOCARDIOGRAPHY

Echocardiographic studies were performed with the
use of commercially available instruments. Obstruc-
tion of the left ventricular outflow tract, which was
due to the anterior motion of the mitral valve during
systole and septal contact,?2:27 was considered to be
present when the peak instantaneous outflow gra-
dientwas estimated to be atleast 30 mm Hgwith the
use of continuous-wave Doppler echocardiography

under basal (resting) conditions.22 Care was taken
to avoid contamination of the left ventricular out-
flow waveform by the mitral regurgitation jet.22

DEFINITIONS

The diagnosis of hypertrophic cardiomyopathy was
based on the demonstration by two-dimensional
echocardiography of a hypertrophied, nondilated
left ventricle (wall thickness of at least 15 mm in
adults or the equivalent relative to body-surface area
in children)28 in the absence of another cardiac or
systemic disease capable of producing a similar de-
gree of hypertrophy.2° Sudden death was defined as
asudden and unexpected collapse in patients who
had previously had a relatively uneventful clinical
course.3° Death related to heart failure was regarded
as that occurring in the context of cardiac decom-
pensation and a progressive course with limiting
symptoms, particularly when it was complicated by
pulmonary edema or required hospitalization for
treatment, or both.3° In addition, potentially lethal
events in which patients were successfully resusci-
tated from cardiac arrest or received appropriate
shocks from an implanted defibrillator were regard-
ed as equivalent to sudden death. Heart transplan-
tation in patients with advanced, end-stage disease
and systolic dysfunction5-® was considered to be a
surrogate for death related to heart failure.3° Stroke-
related deaths were judged to be a consequence of
embolic events related to hypertrophic cardiomy-
opathy, usually in the setting of atrial fibrillation.31

STATISTICAL ANALYSIS
Data are expressed as means +SD. The unpaired
Student’s t-test or one-way analysis of variance was
used to compare normally distributed data. Fisher’s
exact test was used to compare noncontinuous var-
iables expressed as proportions. Relative risks and
95 percent confidence intervals were calculated with
univariate and multivariate Cox proportional-haz-
ards regression models. Multivariate analyses were
performed with a stepwise forward regression mod-
el, in which each variable with a P value of 0.05 or
less (based on the univariate analysis) was entered
into the model. Survival curves were constructed
according to the Kaplan—Meier method. P values
are two-sided, and a P value of less than 0.05 was
considered to indicate statistical significance. Cal-
culations were performed with use of SPSS soft-
ware (version 8.0).

The primary clinical end points used in this study
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were death from any cause, death related to hyper-
trophic cardiomyopathy (i.e., sudden death or death
as a consequence of heart failure or stroke), a com-
bined end point of death from heart failure or stroke
or progression to New York Heart Association
(NYHA) functional class Il or IV (i.e., severe symp-
toms), and sudden, unexpected death alone. Analy-
ses of deaths from all causes and deaths related to
hypertrophic cardiomyopathy included the total
study group of 1101 patients. Evaluations of pro-
gression to NYHA class III or IV and death from
heart failure or stroke or of sudden death alone were
confined to the 994 patients who were in NYHA
class I or Il atentry into the study and thus excluded
the 107 patients who were already in NYHA class III
or IV. For the 66 severely symptomatic patients who
underwent major therapeutic interventions known
to relieve outflow tract gradient most effectively
(septal myectomy, mitral-valve replacement, or al-
cohol septal ablation),:3,5-7:23-26 fo]low-up was ter-
minated at the time of the procedure.

RESULTS

BASE-LINE CHARACTERISTICS
The clinical and demographic characteristics of the
overall study population 0f 1101 patients are shown
in Table 1. The mean age at initial evaluation was
45+20 years. A total of 273 patients (25 percent) had
peak instantaneous left ventricular outflow tract
gradients of at least 30 mm Hg under basal condi-
tions (range, 30 to 176 mm Hg); the other 828 pa-
tients (75 percent) had a gradient of less than 30
mm Hg or no gradient and were considered to be
without obstruction. As compared with patients
without obstruction, those with left ventricular out-
flow tract obstruction were older (and less com-
monly male), more often had severe limiting symp-
toms (NYHA class III or IV), and had thicker left
ventricular walls and larger left atrial dimensions
(Table 1).

Atthe time of the last follow-up visit, 914 patients
(83 percent) were still alive, 60 patients (5 percent)
had died of causes unrelated to hypertrophic car-
diomyopathy, and 127 patients (12 percent) had
died of hypertrophic cardiomyopathy, either sud-
denly or as a consequence of heart failure or stroke.
Among the 914 surviving patients, 216 had severe,
disabling symptoms of exertional dyspnea (with
or without chest pain) and were in NYHA class IIT
or IV (Table 1).

MORTALITY AND HEART FAILURE—RELATED
MORBIDITY

During the follow-up period, patients with ob-
struction had a significantly greater likelihood of
death related to hypertrophic cardiomyopathy than
patients without obstruction (relative risk, 2.0; 95
percent confidence interval, 1.3 to 3.0; P=0.001)
(Fig. 1). Similarly, the probability of reaching the
end point of progression to NYHA class Il or IV or
death from heart failure or stroke was significantly
greater in patients with obstruction (relative risk,
4.4; 95 percent confidence interval, 3.3 to 5.9;
P<0.001) (Fig. 2).

Among patients with obstruction, those with
mild symptoms (NYHA class II) at entry were more
likely to have progression to more severe symptoms
or to die from heart failure or stroke than were
asymptomatic patients (P<0.001) (Fig. 2). When the
effect of age at the time of measurement of the gra-
dient was analyzed, patients with obstruction who
were at least 40 years old were more likely to die of
causes related to hypertrophic cardiomyopathy or
to have complications of this condition than were
younger patients with obstruction (P<0.001) (Fig. 3).
In addition, patients with obstruction had a signif-
icantly increased risk of death from any cause, as
compared with patients without obstruction (rela-
tive risk, 2.0; 95 percent confidence interval, 1.4 to
2.7;P<0.001).

SUDDEN DEATH FROM HYPERTROPHIC
CARDIOMYOPATHY

The probability of sudden death among patients
with obstruction was significantly higher than that
among patients without obstruction (relative risk,
2.1; 95 percent confidence interval, 1.1 to 3.7;
P=0.02) (Fig. 4). However, the difference in the an-
nual rate of sudden death between patients with ob-
struction and patients without obstruction was small
(1.5 percentvs. 0.9 percent, or 0.6 percent per year).
Outflow tract obstruction was also associated with
a particularly low positive predictive value for sud-
den death (7 percent), although the negative predic-
tive value was high (95 percent).

MAGNITUDE OF THE OUTFLOW GRADIENT

When clinical outcome was assessed with respect to
the magnitude of the outflow gradient among the
994 patients in NYHA class I or I at study entry —
30 to 499 mm Hg (in 62 patients), 50 to 69 mm Hg
(in 73), or 70 mm Hg or greater (in 89) — there
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of Left Ventricular Outflow Tract Obstruction at Base Line.*

Table 1. Characteristics of 1101 Patients with Hypertrophic Cardiomyopathy According to the Presence or Absence

Characteristic

Base-line measurements
Male sex — no. (%)
Age —yr

NYHA class
Mean
I —no. (%)
Il —no. (%)
lIlor IV —no. (%)

Atrial fibrillation — no. (%)
Syncope — no. (%)

Drugs — no. (%)
Beta-blockers
Verapamil
Disopyramide
Amiodarone

Echocardiographic measurements
Left ventricular outflow tract gradient — mm Hg
Maximal left ventricular thickness — mm
Left atrial dimension — mm
Left ventricular end-diastolic dimension — mm

Follow-up measurements
Duration of follow-up — yr

NYHA class
Mean
I —no. (%)
Il — no. (%)
IIlor IV—no. (%)

Major interventions for obstruction or symptoms — no. (%)
Septal myectomy
Mitral-valve replacement
Alcohol septal ablation
Heart transplantation
Dual-chamber pacemaker

Age at death —yr

Death related to hypertrophic cardiomyopathy — no. (%)
Sudden death
Heart failure
Stroke

Patients without  Patients with
All Patients Obstruction Obstruction
(N=1101) (N=828) (N=273) P Value
655 (59) 529 (64) 126 (46) <0.001
45120 4419 50+21 <0.001
1.6+0.7 1.5+0.6 1.8+£0.8 <0.001
596 (54) 490 (59) 106 (39) NA
398 (36) 280 (34) 118 (44) NA
107 (10) 58 (7) 49 (18) NA
220 (20) 147 (18) 73 (27) <0.01
152 (14) 96 (12) 56 (21) <0.001
429 (39) 278 (34) 151 (55) 0.20
381 (35) 260 (31) 121 (44) 0.30
35 (3) 11(1) 24 (9) 0.50
153 (14) 113 (14) 40 (15) 0.70
21+33 5+7 70+32 NA
22+33 22+6 24+6 <0.001
42+8 41+8 45+8 <0.001
43+7 44+7 41+7 <0.001
6.3+6.2 6.7+6.4 5.1+5.3 <0.001
1.7+0.8 1.6+0.7 2.2+0.9 <0.001
506 (48) 435 (55) 71 (28) NA
323 (31) 249 (31) 74 (29) NA
216 (21) 107 (14) 109 (43) NA
40 (4) = 40 (15) NA
7(1) 2(0.2) 5(2) NA
19 (2) = 19 (7) NA
8 (1) 8 (1) = NA
8 (1) = 3 (3) NA
54+19 52+18 59+19 0.14
127 (12) 88 (11) 39 (14) NA
71 (6) 51 (6) 20 (7) NA
41 (4) 29 (4) 12 (4) NA
15 (1) 8 (1) 70) NA

* Plus—minus values are means £SD. NA denotes not applicable.

T The 56 patients who died of heart failure or stroke were excluded from the analysis.

were no significant differences in the overall risk of
death related to hypertrophic cardiomyopathy, pro-
gression to NYHA class IIl or IV (Fig. 5), or sudden
death. Furthermore, there was no significant dif-
ference in the average outflow tract gradient among
patients with obstruction who died from various

causes related to hypertrophic cardiomyopathy
(sudden death, 71+18 mm Hg; heart failure, 52+20
mm Hg; and stroke, 82+48 mm Hg) or among sur-
vivors, as compared with patients who died of caus-
es unrelated to hypertrophic cardiomyopathy (69+29
mm Hg vs. 71+32 mm Hg). Also, among patients
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with obstruction, the absolute gradient measured as
a continuous variable was not associated with a sig-
nificant increase in the risk of any of the study end
points in the age-adjusted multivariate analysis.

PREDICTORS OF OUTCOME

Age-adjusted multivariate analysis showed that left
ventricular outflow tract obstruction was a strong,
independent determinant of outcome, including the
overall risk of death related to hypertrophic cardio-
myopathy (relative risk, 1.6; P=0.02), progression
to severe heart failure or death from heart failure or
stroke (relative risk, 2.7; P<0.001), and death from
any cause (relative risk, 1.6; P=0.02) (Table 2). Oth-
er disease variables that were independently asso-
ciated with an increased risk of death related to
hypertrophic cardiomyopathy were atrial fibrilla-
tion, limiting symptoms (NYHA class II, III, or IV)
at study entry, and maximal left ventricular wall
thickness of atleast 30 mm (Table 2). Only a minor-
ity of patients with obstruction had associated se-
vere mitral regurgitation identified by color-flow
imaging32 (27 of 273, or 10 percent), and this find-
ing itself was not consistently associated with death
related to hypertrophic cardiomyopathy or to pro-
gression to NYHA class III or IV (P=0.50 for both
comparisons).

With regard to sudden death, left ventricular
outflow tract obstruction was the only clinical vari-
able independently associated with this outcome
(relative risk, 1.9; P=0.01). None of the pharmaco-
logic agents commonly used to control symptoms
of hypertrophic cardiomyopathy (i.e., beta-blockers,
calcium-channel blockers, and disopyramide) or
amiodarone significantly affected any of the study
end points when taken for more than 50 percent of
the follow-up period.

ANALYSES AMONG CENTERS

The patients enrolled at the three participating cen-
ters did not differ significantly with regard to several
demographic and disease-related variables, includ-
ing age, sex, and the prevalence of outflow tract ob-
struction. The annual rates of death related to hy-
pertrophic cardiomyopathy were also similar: 2.1
percent in Florence, 1.8 percent in Naples, and 1.7
percent in Minneapolis. Also, all three centers had
higher annual rates of death among patients with
obstruction than among those without obstruction:
1.8 percent vs. 1.4 percent in Florence, 3.3 per-
centvs. 1.3 percent in Naples, and 2.6 percent vs.
1.7 percent in Minneapolis.

N ENGL J MED 348;4 WWW.NEJM.ORG

.. Obstruction

201
35

No obstruction

100
R R
= 90+
3
Zs
ST 4
€=
23
£ 70+
S
7} P=0.001
2 60
0 T T T T
0 2 4 6 8 10
Years after Gradient Measurement
No. at Risk
No obstruction 828 594 495 360 247
Obstruction 273 178 130 84 54
Figure 1. Probability of Hypertrophic Cardiomyopathy (HCM)-Related Death
among 273 Patients with a Left Ventricular Outflow Gradient of at Least 30
mm Hg under Basal Conditions and 828 Patients without Obstruction at Entry.

\\“ No obstruction

100
<
2= . 80
§532
=T o
=T L 601
S o
[
Egu‘:m
sVU=s35 407
u-;ge
Ex0>s
SzsF 207
gost Overall P<0.001
v C T T T T

Years after Gradient Measurement
No. at Risk
No obstruction
Obstruction, NYHA |
Obstruction, NYHA 11

770 557 464 334 231
106 69 52 31 18
118 73 5]} 35 21

0 2 4 6 8 10

188

Obstruction,
NYHA |

Obstruction,
NYHA Il

the analysis.

Figure 2. Probability of Progression to Severe Heart Failure (NYHA Class 11 or IV)
or Death from Heart Failure or Stroke among 224 Patients with Left Ventricular
Outflow Tract Obstruction and 770 Patients without Obstruction.

Patients who were already in NYHA class |1l or IV at entry were excluded from

DISCUSSION

The left ventricular outflow tract gradient has been
the most recognizable feature of hypertrophic
cardiomyopathy from its initial clinical descrip-
tions.1-27,:33-36 A gradient of at least 50 mm Hg has
historically been the threshold for performing ma-
jor invasive interventions, such as septal myectomy,
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300

alcohol septal ablation, and dual-chamber pacing,
in patients with severe symptoms refractory to max-
imal medical management.3:5:6:23-26 Most previ-
ous studies addressing the clinical significance of
obstruction have involved relatively small or highly
selected populations, and reports have often been
conflicting.+8,9,13-19,33,34 Indeed, the issue of ob-

N ENGL J MED 348;4 WWW.NEJM.ORG

struction in patients with hypertrophic cardiomy-
opathy has periodically been the subject of intense
controversy,1+13,18,19 and the long-term effect of
the outflow gradient on outcome remains largely
unresolved. Consequently, we took this opportuni-
ty to investigate the clinical significance of subaor-
tic obstruction in a large cohort of patients with hy-
pertrophic cardiomyopathy.

Our data show that obstruction of left ventricu-
lar outflow is of prognostic importance in patients
with hypertrophic cardiomyopathy. Patients with
outflow tract obstruction (defined here as a basal
gradient of atleast 30 mm Hg) had an increased risk
of death from hypertrophic cardiomyopathy or pro-
gression to severe congestive symptoms, which was
more than four times that among patients without
obstruction. Outflow tract obstruction also proved
to be a strong independent determinant of limiting
symptoms and death after adjustment for other
relevant disease-related and demographic variables.
Patients with obstruction and mild symptoms
(NYHA class II) were more likely than asymptomat-
ic patients to have progression to severe symptoms
or to die from heart failure. Furthermore, we have
previously shown that the combination of outflow
tract obstruction with atrial fibrillation is particu-
larly deleterious in patients with hypertrophic car-
diomyopathy.31

Our data have certain potentially important ther-
apeutic implications for patients with the obstruc-
tive form of hypertrophic cardiomyopathy. Currently
accepted clinical practicel- encourages the use of
aggressive medical therapy for patients with symp-
toms who have obstruction, including the use of
drugs capable of reducing the outflow gradient un-
der basal conditions or during exercise (predomi-
nantly beta-blockers and disopyramide)+-¢:35; our
data support this strategy. However, when symp-
toms and the limitation in exercise capacity become
refractory to maximal medical management, major
interventions to reduce obstruction become neces-
sary.17,23-26,36

In this regard, our findings indicate that non-
pharmacologic interventions (i.e., surgery or alco-
hol septal ablation) may be a reasonable treatment
option earlier and at somewhat lower gradient
thresholds than current clinical practice dic-
tates.1:3,5:36 Such a strategy may be beneficial for
some patients who have clear progression of symp-
toms despite medical treatment but who have not
yet become substantially disabled, particularly those
judged to have long-standing gradients.1:3,5:6,36
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We could not directly assess the effects of treat-
ment interventions on mortality. Furthermore, we
do notbelieve that our data can be used to infer that
a basic and sweeping alteration in the standard
management of symptomatic obstructive hyper-
trophic cardiomyopathy is required. Indeed, the
interventions that relieve obstruction most reli-
ably (i.e., septal myectomy and alcohol septal ab-
lation)5,6,23-26 should not be performed in patients
without symptoms or with only mild symptoms,
since such procedures are associated with some risk
of complications and death.1:3-7:23-26,36 Therefore,
our observations emphasize the importance of clin-
ical judgment in planning a strategy to reduce left
ventricular outflow tract obstruction in patients with
hypertrophic cardiomyopathy.

We found that the likelihood of sudden death
was also greater among patients with obstruction
than among those without obstruction. However,
because of the low annual rate of sudden death and
the particularly low positive predictive value of
obstruction, we believe that the contribution of
obstruction to risk stratification remains limited.
Indeed, although obstruction can probably be re-
garded as another potential risk factor for sudden
death on the basis of present and prior analyses,3°
the relation between the gradient and sudden death
is not sufficiently strong for obstruction to be con-
sidered the sole or a substantial determinant of de-
cisions to implant cardioverter—defibrillators pro-
phylactically.3”
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Figure 5. Relation of the Magnitude of Left Ventricular Outflow Tract Gradient
or the Absence of a Gradient to the Probability of Progression to Severe Heart

or Stroke.

P<0.001 for the comparison of the group without obstruction with each sub-
group with obstruction; P>0.30 for each comparison among the subgroups
with obstruction. Patients who were already in NYHA class Il or IV at entry

The threshold value for the outflow tract gradi-
ent that proved to be clinically relevant was relative-
ly low — 30 mm Hg. Furthermore, values above this
threshold did not add to the likelihood of compli-
cations and death related to hypertrophic cardiomy-
opathy. This inability to stratify outcome with re-

and Outcome.*

Table 2. Results of Age-Adjusted Multivariate Cox Proportional-Hazards Analysis of the Relation between Base-Line Clinical Variables

HCM-Related
Progression to NYHA
Class 11l or IV or Death from

Sudden Death

Variable Death from Any Cause HCM-Related Death Heart Failure or Strokef from HCM<
Relative Risk Relative Risk Relative Risk Relative Risk
(95% Cl) P Value (95% Cl)  PValue (95% Cl) P Value (95% Cl) P Value
Left ventricular outflow obstruction (=30 1.6 (1.1-2.2)  0.02 1.6 (1.1-2.4) 0.02 2.7 (2.0-3.5) <0.001 1.9 (1.1-3.5) 0.014
mm Hg)

NYHA class II, I1I, or IV at entry 1.5 (1.1-2.1)  0.02 1.9 (1.2-2.9) 0.002 3.4 (2.4-4.8) <0.001 — 0.12
Paroxysmal or chronic atrial fibrillation 1.4 (1.0-1.9) 0.04 16 (1.1-2.4) 0.01 13 (1.1-1.6) 0.046 — 0.72
Maximal left ventricular thickness 230 mm 1.6 (1.1-2.4)  0.01 1.8 (1.1-2.8) 0.01 — 0.09 — 0.82
Female sex — 0.22 — 0.29 1.4 (1.1-1.8) 0.02 — 0.75

model. HCM denotes hypertrophic cardiomyopathy, and Cl confidence interval.

Patients who were already in NYHA class IIl or IV at entry were excluded from the analysis.

* All models included age (<20, 20 to 39, 40 to 60, and >60 years) as a stratification factor. Dashes denote variables that were not included in the final

N ENGL J MED 348;4 WWW.NEJM.ORG

JANUARY 23, 2003

301

Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.




302

The NEW ENGLAND JOURNAL of MEDICINE

spect to the magnitude of the gradient probably
reflects the dynamic nature of outflow tract ob-
struction in hypertrophic cardiomyopathy.15:20,21
Consequently, we cannot exclude the possibility that
particularly marked degrees of obstruction may ad-
versely affect prognosis in certain patients.

We assessed the clinical significance of the sub-
aortic gradient under basal conditions, the variable
traditionally used to formulate clinical decisions in
patients with symptomatic hypertrophic cardiomy-
opathy.1-9:23-26,36 The participating institutions did
not routinely provoke outflow tract gradients un-
der physiologic conditions in ambulatory patients
with hypertrophic cardiomyopathy. Nevertheless,
in symptomatic patients with relatively low gradi-
ents atrest (e.g., 30 to 50 mm Hg), much more sub-
stantial gradients are likely to develop with exertion
under conditions in which symptoms of hyper-
trophic cardiomyopathy usually occur. It is therefore
reasonable to assume that the relatively low basal
gradient threshold of 30 mm Hg probably increases
greatly with physical exertion and thus probably
leads to disabling symptoms.

Because our study was designed to assess longi-
tudinally the relation of the basal leftventricular out-
flow tract gradient to outcomes, we used the value
obtained during the initial continuous-wave Dop-
pler assessment to evaluate in a standardized fash-
ion the clinical effect of obstruction over the long-
est possible follow-up period. Although we are
aware of the potential limitations of the use of single
measurements in individual patients, we believe this
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