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A

 

BSTRACT

 

Background

 

Sudden death is a possible conse-
quence of hypertrophic cardiomyopathy. Quantifica-
tion of the risk of sudden death, however, remains im-
precise for most patients with this disease.

 

Methods

 

We assessed the relation between the
magnitude of left ventricular hypertrophy and mor-
tality in 480 consecutive patients with hypertrophic
cardiomyopathy. The patients were categorized into
five subgroups according to maximal wall thickness:
15 mm or less, 16 to 19 mm, 20 to 24 mm, 25 to 29
mm, and 30 mm or more. Their ages ranged from 1 to
89 years (median, 47).

 

Results

 

Over a mean follow-up period of 6.5 years,
65 of the 480 patients (14 percent) died: 23 sudden-
ly, 15 of heart failure, and 27 of noncardiac causes
or stroke. The risk of sudden death increased pro-
gressively and in direct relation to wall thickness
(P=0.001), ranging from 0 per 1000 person-years (95
percent confidence interval, 0 to 14.4) for a wall
thickness of 15 mm or less to 18.2 per 1000 person-
years (95 percent confidence interval, 7.3 to 37.6) for
a wall thickness of 30 mm or more and almost dou-
bling from each wall-thickness subgroup to the next.
The cumulative risk 20 years after the initial evalua-
tion was close to zero for patients with a wall thick-
ness of 19 mm or less but almost 40 percent for wall
thicknesses of 30 mm or more. As compared with
the other subgroups, patients with extreme hyper-
trophy were the youngest (mean age, 31 years), and
most (41 of 43) had mild symptoms or no symptoms;
of the 12 patients who were less than 18 years old at
the initial evaluation, 5 died suddenly.

 

Conclusions

 

In hypertrophic cardiomyopathy, the
magnitude of hypertrophy is directly related to the
risk of sudden death and is a strong and independent
predictor of prognosis. Young patients with extreme
hypertrophy, even those with few or no symptoms,
appear to be at substantial long-term risk and deserve
consideration for interventions to prevent sudden
death. The majority of patients with mild hypertro-
phy are at low risk and can be reassured regarding
their prognosis. (N Engl J Med 2000;342:1778-85.)
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UDDEN death has been recognized as a pos-
sible consequence of hypertrophic cardiomy-
opathy since the first modern descriptions of
the disease.

 

1,2

 

 However, despite 40 years of in-
vestigation, the search for a way to identify patients
who have a high risk of dying suddenly has been frus-
trated by certain features of this disorder, including

S

 

the frequent absence of symptoms before sudden
death,

 

2-5

 

 the great variation in clinical presentation
and prognosis,

 

3-5

 

 the relatively low prevalence of the
disease,

 

6,7

 

 and the difficulty of enrolling large study
populations without bias due to referral of patients
at tertiary centers.

 

8-10

 

Several factors are known to be strong indicators
of a high risk of sudden death in patients with hyper-
trophic cardiomyopathy, including a previous abort-
ed cardiac arrest, one or more episodes of sustained
ventricular tachycardia, and a history of sudden death
in two or more young family members.

 

3-5

 

 However,
these features are uncommon in the overall popula-
tion of patients with hypertrophic cardiomyopathy.
Other indicators of increased risk, such as the pres-
ence of nonsustained ventricular tachycardia on am-
bulatory electrocardiographic monitoring or an ab-
normal blood-pressure response during exercise, have
a low positive predictive value.

 

4,5,11-14

 

 The limitations
of risk stratification have recently acquired particular
relevance because of the increasing availability of im-
plantable cardioverter–defibrillators and their prov-
en efficacy in preventing sudden death in patients
with hypertrophic cardiomyopathy.

 

15

 

Although there is circumstantial evidence that
young patients with extreme left ventricular hyper-
trophy may be at increased risk for sudden death,

 

16-18

 

the importance of the magnitude of hypertrophy as
a risk factor remains unresolved. The purpose of our
study was to assess the relation between the magni-
tude of left ventricular hypertrophy and survival in a
large and relatively unselected series of consecutive
patients with hypertrophic cardiomyopathy.

 

METHODS

 

Study Population

 

Each of the 490 consecutively enrolled patients with hypertroph-
ic cardiomyopathy who were evaluated at the Ente Ospedaliero
Ospedali Galliera in Genoa, Italy, from January 1983 to December
1997 (213 patients) or at the Minneapolis Heart Institute Foun-
dation in Minneapolis from January 1981 to December 1996
(277 patients) were initially considered for inclusion in the study. 

The initial evaluation (base line) at the center in Genoa was de-
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fined as taking place at the time of the first visit and at the center
in Minneapolis as taking place at the initial diagnosis of hypertroph-
ic cardiomyopathy (for a minority of patients as early as 1966).
Eight patients had only a single evaluation and were excluded from
subsequent analysis. Two patients had a history of aborted cardiac
arrest before their initial evaluation and were also excluded from
the analysis. Therefore, the final study population comprised a total
of 480 patients (210 in Genoa and 270 in Minneapolis). Six of
these 480 patients had an aborted cardiac arrest or had ventricular
tachycardia or fibrillation interrupted by the discharge of an im-
plantable cardioverter–defibrillator after enrollment; follow-up of
these patients was terminated at the time of their most recent
evaluation. Six other patients underwent heart transplantation,
and follow-up was terminated at that time.

 

Echocardiography

 

The magnitude of left ventricular hypertrophy was assessed with
two-dimensional echocardiography according to previously pub-
lished criteria.

 

17,18

 

 The greatest thickness measured at any site in the
left ventricular wall was considered to represent the maximal wall
thickness.

 

17-19

 

 In the analysis of data, the maximal wall thickness was
not corrected for body size, either in adults or in children. The
study population was divided into five subgroups according to max-
imal wall thickness: 15 mm or less, 16 to 19 mm, 20 to 24 mm,
25 to 29 mm, and 30 mm or more. These arbitrary cutoff points
are consistent with criteria used in previous studies.

 

4,5,16-19

 

The echocardiographic measurements in each of the 210 pa-
tients evaluated at the center in Genoa were made by a single in-
vestigator, and in each of the 270 patients evaluated in Minneapolis
these measurements were made by a single, different investigator.
The correlation between these two investigators’ measurements
of left ventricular wall thickness in patients with hypertrophic car-
diomyopathy has been reported.

 

20,21

 

The same investigators repeated their measurements of maxi-
mal wall thickness independently and without knowledge of the
identity of the patients or of the previous findings in 48 echocar-
diograms selected at random from the echocardiograms of the
480 patients (24 were from the Italian cohort and 24 from the
U.S. cohort, and 18 others were from the 43 patients with a wall
thickness of 30 mm or more). The correlation between the two
sets of measurements was high (Pearson correlation coefficient,
0.94), and there was good concordance between the two sets with
respect to classification into the five wall-thickness subgroups
(weighted kappa for ordered categories, 0.91).

Left ventricular outflow obstruction under basal conditions was
considered present when a peak outflow gradient of 30 mm Hg
or more was identified by Doppler echocardiography.

 

22

 

 The left
atrial and left ventricular end-diastolic cavity dimensions were as-
sessed by M-mode echocardiography in a standard fashion.

 

Definitions

 

Hypertrophic cardiomyopathy was diagnosed when there was
echocardiographic evidence of a nondilated and hypertrophied left
ventricle (defined as a wall thickness of »15 mm in adult index pa-
tients or the equivalent wall thickness relative to body-surface area
in children) in the absence of another cardiac or systemic disease that
could produce a similar degree of hypertrophy.

 

10,13,19

 

 In adult rela-
tives of the patients with hypertrophic cardiomyopathy, a wall thick-
ness of 13 mm or more was considered a criterion for diagnosis.

 

23

 

Sudden death of cardiac origin was defined as instantaneous and
unexpected death within minutes after a witnessed collapse in pa-
tients previously in stable clinical condition. Death was also clas-
sified as sudden if it occurred unexpectedly but was unwitnessed,
such as death occurring in bed overnight.

 

13

 

Death due to congestive heart failure was defined as death occur-
ring in the context of long-standing cardiac decompensation with
progression of disease during the previous year, with the devel-
opment of pulmonary edema or evolution to end-stage disease.

A history of sudden death in the family was considered present
if one or more family members with hypertrophic cardiomyopa-

thy had died suddenly, according to the definition of sudden death
given above, or if one or more close relatives without a document-
ed diagnosis of hypertrophic cardiomyopathy had died suddenly
at less than 50 years of age.

 

Statistical Analysis

 

To estimate mortality rates, the number of patients who died
during follow-up was divided by the total number of person-years
accumulated during follow-up in the study population or in each
wall-thickness subgroup. For the calculation of overall rates of
death, follow-up time was considered to be the interval from the
date of the initial evaluation to the time of death or (among sur-
viving patients) to the time of the most recent evaluation. For the
calculation of rates of sudden death, follow-up data for patients
who died from congestive heart failure or from noncardiac causes
were censored at the time of death. For the calculation of rates of
death due to heart failure or noncardiac causes, follow-up data for
patients who died suddenly were censored at the time of death.

Ninety-five percent confidence intervals for mortality rates were
calculated with the assumption of an underlying Poisson distri-
bution of rare events. Rates were compared among subgroups of
patients by means of the chi-square test for heterogeneity, Fisher’s
test, or the chi-square test for trend, as appropriate. Survival curves
were constructed according to the Kaplan–Meier method.

To assess the role of wall thickness as an independent predictor
of death, three multivariate Cox proportional-hazards models were
fitted to the data. In each model, patients were stratified according
to age (into one of four categories), and variables significantly as-
sociated with outcome were entered in a stepwise procedure based
on the likelihood-ratio test. The results of the multivariate analy-
ses should be interpreted cautiously in view of the relatively small
number of events and the large number of strata. All P values are
two-sided. SPSS statistical software (SPSS, Chicago) was used for
most calculations.

 

RESULTS

 

Base-Line Clinical Characteristics

 

The clinical features of the overall study popula-
tion and of the five wall-thickness subgroups at base
line (the initial evaluation) are summarized in Table
1. The duration of follow-up ranged from 1 month
to 31 years (mean, 6.5 years; median, 4.6). The 480
study patients ranged in age from 1 to 89 years
(mean, 47; median, 47); 288 of the patients (60 per-
cent) were male. Of the 480 patients, 446 (93 per-
cent) were asymptomatic or had only mild symptoms
(New York Heart Association functional class I or
II), and 34 (7 percent) had severe symptoms (class
III or IV); 133 patients (28 percent) had left ven-
tricular outflow obstruction (an outflow gradient of
»30 mm Hg under basal conditions).

At the time of the first visit, the maximal left-ven-
tricular-wall thickness ranged from 7 to 40 mm (mean,
21±5); 448 patients had a left-ventricular-wall thick-
ness of 15 mm or more, and 32 had a wall thickness
of less than 15 mm. Of these 32 patients, 10 were
children 15 years of age or younger; 3 were patients
with progression to end-stage disease with wall thin-
ning, cavity dilatation, and systolic dysfunction

 

21

 

; and
19 were adult members of families affected by hy-
pertrophic cardiomyopathy.

Among the five wall-thickness subgroups, patients
with wall thicknesses at the two extremes of the mor-
phologic spectrum (maximal wall thickness, «15 or
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»30 mm) were the youngest (P<0.001) and had the
lowest frequency of outflow obstruction (P=0.001)
(Table 1). Sex distribution and New York Heart As-
sociation functional class were similar among the five
subgroups (P=0.77 and P=0.79, respectively), and
the proportion of patients with moderate or severe
symptoms in each subgroup was low (4 to 9 percent).

During follow-up, 65 of the 480 study patients
(14 percent) died: 23 suddenly, 15 of heart failure,
and 27 of noncardiac causes or stroke. The overall
incidence of death from any cause was 20.9 per 1000
person-years (95 percent confidence interval, 16.1 to
26.6), that of sudden death was 7.4 per 1000 person-
years (95 percent confidence interval, 4.7 to 11.1),
that of death due to heart failure was 4.8 per 1000
person-years (95 percent confidence interval, 2.7 to
8.0), and that of death from noncardiac causes or
stroke was 8.7 per 1000 person-years (95 percent
confidence interval, 5.7 to 12.6). The mean age at the
time of death was 44±24 years among those who
died suddenly, 63±21 years among those who died of
heart failure, and 74±12 years among those who died
of noncardiac causes or stroke. Of the 23 patients who
died suddenly, 21 had no symptoms or mild symp-
toms (New York Heart Association class I or II) and
2 had severe symptoms (class III) at the time of death.

At the time of the initial evaluation or shortly there-
after, 151 (31 percent) of the study patients were not
taking any cardioactive medications, 300 (62 percent)
were taking beta-blockers or calcium antagonists, and
29 (6 percent) were taking amiodarone either because
of ambulatory electrocardiographic evidence of non-
sustained ventricular tachycardia or because of par-
oxysmal atrial fibrillation. Of the 29 patients taking

amiodarone, 5 (17 percent) died suddenly during fol-
low-up; each was taking amiodarone at the time of
death.

Of the 480 study patients, 26 underwent a septal
myotomy–myectomy operation, and 8 were given a
pacemaker in an attempt to reduce the left ventricular
outflow gradient and to improve symptoms.

 

24

 

 Thir-
teen patients had a cardioverter–defibrillator; three of
them had an appropriate discharge for ventricular
tachycardia or fibrillation during follow-up.

 

Relation between Maximal Left-Ventricular-Wall Thickness 
and Mortality

 

Mortality in the five wall-thickness subgroups is
reported in Table 2. The risk of sudden death in-
creased significantly and progressively in direct rela-
tion to wall thickness (P=0.001) (Fig. 1). The risk
of sudden death was 0 (95 percent confidence inter-
val, 0 to 14.4) per 1000 person-years in patients with
a wall thickness of 15 mm or less, 2.6 per 1000 per-
son-years (95 percent confidence interval, 0.3 to 9.6)
in those with a wall thickness of 16 to 19 mm, 7.4
per 1000 person-years (95 percent confidence inter-
val, 3.5 to 13.6) in those with a wall thickness of 20
to 24 mm, 11.0 per 1000 person-years (95 percent
confidence interval, 3.0 to 28.2) in those with a wall
thickness of 25 to 29 mm, and 18.2 per 1000 person-
years (95 percent confidence interval, 7.3 to 37.6) in
those with a wall thickness of 30 mm or more.

Kaplan–Meier estimates of the proportion of pa-
tients without sudden death in each of the five wall-
thickness subgroups are shown in Figure 2. Twenty
years after the initial evaluation, patients with a wall
thickness of 19 mm or less had a cumulative risk

 

*Plus–minus values are means ±SD. NYHA denotes New York Heart Association.

†P values for the comparisons among the five wall-thickness subgroups to detect differences in mean age, left ventricular end-diastolic cavity
dimension, and left atrial cavity dimension were calculated by one-way analysis of variance. P values for the comparisons among the five sub-
groups to detect differences in sex, NYHA functional class, and left ventricular outflow (proportions) were calculated by the chi-square test
for heterogeneity, with 4 df.
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ALL

 

 

 

PATIENTS

 

«15 mm 16–19 mm 20–24 mm 25–29 mm »30 mm

No. of patients 480 69 138 184 46 43 —

Age — yr
Mean
Median

47
47

42
40

52
55

49
50

42
41

31
28

<0.001

Male sex — no. (%) 288 (60) 43 (62) 82 (59) 105 (57) 30 (65) 28 (65) 0.77

NYHA functional class III or IV — no. (%) 34 (7) 3 (4) 10 (7) 15 (8) 4 (9) 2 (5) 0.79

Left ventricular outflow obstruction — no. (%) 133 (28) 7 (10) 35 (25) 65 (35) 17 (37) 9 (21) 0.001

Maximal wall thickness — mm 21±5 14±2 18±1 21±1 28±1 32±2 —

Left ventricular end-diastolic cavity dimension — mm 44±7 46±8 45±7 44±7 45±7 40±7 0.002

Left atrial cavity dimension — mm 43±9 40±10 42±8 44±8 44±8 44±11 0.03
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close to zero, whereas those with a wall thickness of
30 mm or more had a risk of close to 40 percent.

The highest rate of sudden death was observed in
the youngest patients with a wall thickness of 30 mm
or more; of the 12 patients who were younger than
18 years of age at base line 5 died suddenly (inci-
dence of sudden death, 37.9 per 1000 person-years;
95 percent confidence interval, 12.8 to 88.5). Of the
five patients younger than 13 years of age at base
line, three died suddenly.

 

Univariate Analysis

 

The results of univariate analyses of the relation
between clinical variables (other than wall thickness)
and mortality are reported in Table 3. A significant
univariate association with death due to heart failure
was identified for several variables: age at base line

(P=0.003), New York Heart Association functional
class (P=0.001), the presence or absence of outflow
obstruction (P=0.006), and left atrial cavity dimen-
sion (P=0.03). A univariate association with sudden
death was identified for left ventricular end-diastolic
cavity dimension (P=0.002). No relation was iden-
tified between the incidence of sudden death or of
death due to heart failure and a history of sudden
death in the family (P=0.23 and P=0.48), respec-
tively).

 

Multivariate Regression Analysis

 

In a Cox regression model that included age as
a stratification factor (Table 4), left-ventricular-wall

 

*CI denotes confidence interval. Comparisons among the five subgroups were made by the chi-square test for trend.
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. 

 

OF

PATIENTS

 

(%)
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PER

 

1000 

 

PERSON

 

-

 

YR

 

(95% CI)

«15 mm (n=69) 3 (4.3) 11.7 (2.4–34.3) 0 0 (0–14.4) 0 0 (0–14.4)

16–19 mm (n=138) 12 (8.7) 15.9 (8.2–27.8) 2 (1.4) 2.6 (0.3–9.6) 2 (1.4) 2.7 (0.3–9.6)

20–24 mm (n=184) 29 (15.8) 21.4 (14.4–30.8) 10 (5.4) 7.4 (3.5–13.6) 9 (4.9) 6.6 (3.0–12.6)

25–29 mm (n=46) 10 (21.7) 27.5 (13.2–50.6) 4 (8.7) 11.0 (3.0–28.2) 2 (4.3) 5.5 (0.7–19.9)

»30 mm (n=43) 11 (25.6) 28.6 (14.3–51.3) 7 (16.3) 18.2 (7.3–37.6) 2 (4.7) 5.2 (0.6–18.8)

Chi square for trend 3.66 10.62 1.22

P value 0.06 0.001 0.27

 

Figure 1.

 

 Relation between Maximal Left-Ventricular-Wall Thick-
ness and the Risk of Sudden Death in 480 Patients with Hyper-
trophic Cardiomyopathy.
The incidence of sudden death increased progressively and in
direct relation to maximal wall thickness (P=0.001 by the chi-
square test for trend).
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Figure 2.

 

 Kaplan–Meier Estimates of the Proportions of Patients
without Sudden Death among the 480 Patients with Hyper-
trophic Cardiomyopathy, According to the Magnitude of Left
Ventricular Hypertrophy.
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*P values for the comparisons among the subgroups with respect to age, left atrial cavity dimension, and left ventricular end-diastolic cavity
dimension were calculated by the chi-square test for trend. P values for the comparisons among the subgroups with respect to NYHA func-
tional class, the presence or absence of a history of sudden death in the family, and the presence or absence of left ventricular outflow ob-
struction were calculated by Fisher’s exact test. CI denotes confidence interval, and NYHA New York Heart Association.
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OF UNIVARIATE ANALYSIS OF THE RELATION BETWEEN BASE-LINE CLINICAL VARIABLES OTHER THAN 
LEFT-VENTRICULAR-WALL THICKNESS AND THE RISK OF DEATH.*

VARIABLE

NO. OF

PATIENTS SUDDEN DEATH DEATH DUE TO HEART FAILURE DEATH FROM ANY CAUSE

DURATION OF

FOLLOW-UP

NO. OF

PATIENTS

INCIDENCE PER

1000 PERSON-YR

(95% CI)
NO. OF

PATIENTS

INCIDENCE PER

1000 PERSON-YR

(95% CI)
NO. OF

PATIENTS

INCIDENCE PER

1000 PERSON-YR

(95% CI)

person-yr

Age
<20 yr
20–39 yr
40–59 yr
»60 yr
P value

64
120
154
142

8
3
6
6

14.2 (6.1–28.0)
4.0 (0.8–11.6)
5.5 (2.0–11.9)
8.6 (3.1–18.7)

0.39

0
3
3
9

0 (0–6.5)
4.0 (0.8–11.6)
2.7 (0.6–8.0)

12.9 (5.9–24.4)
0.003

8
7

18
32

14.2 (6.1–28.0)
9.3 (3.7–19.2)

16.4 (9.7–26.0)
45.8 (31.3–64.6)

<0.001

563
754

1094
699

NYHA functional class
I or II
III or IV
P value

446
34

21
2

7.1 (4.4–10.9)
12.1 (1.5–43.7)

0.35

10
5

3.4 (1.6–6.2)
30.3 (9.8–70.6)

0.001

55
10

18.7 (14.1–24.3)
60.5 (29.0–111.3)

0.002

2945
165

History of sudden death in 
family

Present
Absent
P value

70
410

1
22

2.1 (0–11.9)
8.3 (5.2–12.6)

0.23

3
12

6.4 (1.3–18.8)
4.5 (2.3–7.9)

0.48

8
57

17.2 (7.4–33.8)
21.6 (16.3–27.9)

0.54

466
2643

Left ventricular outflow
obstruction

Present
Absent
P value

133
347

7
16

8.6 (3.5–17.9)
6.9 (4.0–11.3)

0.63

9
6

11.1 (5.1–21.1)
2.6 (1.0–5.7)

0.006

27
38

33.4 (22.0–48.5)
16.5 (11.7–22.7)

0.005

809
2301

Left atrial cavity dimension
<40 mm
40–50 mm
>50 mm
P value

150
257
73

11
7
5

11.8 (5.9–21.2)
4.4 (1.8–9.1)
9.0 (2.8–19.8)

0.30

0
11
4

0 (0–4.0)
6.9 (3.4–12.4)
7.2 (1.8–17.4)

0.03

14
37
14

15.0 (8.2–25.3)
23.2 (16.4–32.1)
25.1 (13.0–39.9)

0.20

930
1591
589

Left ventricular end-diastolic 
cavity dimension

<40 mm
40–50 mm
>50 mm
P value

106
287
87

11
12
0

14.4 (7.2–25.8)
6.7 (3.5–11.7)
0  (0–6.6)

0.002

6
8
1

7.9 (2.9–17.1)
4.5 (1.9–8.8)
1.8 (0–10.0)

0.11

27
29
9

35.4 (23.4–51.6)
16.2 (10.9–23.3)
16.1 (7.4–30.6)

0.009

761
1790
558

*All models included age (<20, 20–39, 40–59, and »60 years) as a stratification factor. The subgroups for each variable are provided in Tables 2 and
3. For variables with more than two subgroups, subgroup-specific estimates of the coefficients could not be calculated, because of the small number of
events, which precluded convergence of the coefficients. Relative risks were calculated from the Cox model. For variables with more than two subgroups,
P values were calculated with the likelihood-ratio test, which must be interpreted as a test for linear trend of increasing (or decreasing) hazard across sub-
groups of the variable in question. Dashes denote variables that were removed from the final model. CI denotes confidence interval, and NYHA New York
Heart Association.

TABLE 4. RESULTS OF MULTIVARIATE COX PROPORTIONAL-HAZARDS ANALYSIS OF THE RELATION BETWEEN BASE-LINE CLINICAL 
VARIABLES AND THE RISK OF DEATH, ADJUSTED FOR AGE.*

VARIABLE

NO. OF

SUBGROUPS SUDDEN DEATH (N=23) DEATH DUE TO HEART FAILURE (N=15) DEATH FROM ANY CAUSE (N=65)

RELATIVE RISK (95% CI) P VALUE RELATIVE RISK (95% CI) P VALUE RELATIVE RISK (95% CI) P VALUE

Left-ventricular-wall thickness 5 1.76 (1.19–2.60) 0.003 1.92 (1.04–3.55) 0.04 1.41 (1.09–1.81) 0.008

NYHA functional class 2 — 0.47 9.48 (2.61–34.42) 0.001 2.55 (1.26–5.18) 0.02

Left ventricular outflow obstruction 2 — 0.76 5.52 (1.55–19.65) 0.005 1.85 (1.08–3.19) 0.03

Left atrial cavity dimension 3 — 0.21 — 0.10 — 0.61

Left ventricular end-diastolic cavity 
dimension

3 0.48 (0.23–0.98) 0.04 — 0.22 0.70 (0.47–1.04) 0.07
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thickness was found to be independently and direct-
ly related to the incidence of sudden death (P=
0.003), and left ventricular end-diastolic cavity di-
mension was, as a consequence, inversely related to
this end point (P=0.04). Wall thickness was also in-
dependently related to the incidence of death due to
heart failure (P=0.04). The New York Heart Asso-
ciation functional class and the presence or absence
of outflow obstruction at base line showed no rela-
tion to the incidence of sudden death (P=0.47 and
P=0.76, respectively), but they were independently
related to the incidence of death due to heart failure
(P=0.001 and P=0.005, respectively).

To assess whether the associations between wall
thickness and mortality were similar in the popula-
tions of patients at the Italian and U.S. institutions,
a term to represent interaction between the institu-
tion and the wall-thickness subgroup was introduced
into the multivariate models. The interaction term
was not significantly different from zero with regard
to sudden death (P=0.54), death due to heart failure
(P=0.14), or death from any cause (P=0.48), indi-
cating no difference between the two populations in
the relation between wall thickness and mortality.

DISCUSSION

Our results show that the magnitude of left ven-
tricular hypertrophy, as measured by echocardiogra-
phy and expressed in terms of maximal wall thickness,
is a strong and independent predictor of the risk of
sudden death in patients with hypertrophic cardio-
myopathy. Though relatively low overall, the rate of
sudden death in our study population increased pro-
gressively and significantly in direct relation to left-
ventricular-wall thickness, almost doubling from each
wall-thickness subgroup to the next.

About 10 percent of our patients were at the high
end of the morphologic spectrum of disease (maxi-
mal wall thickness, »30 mm). In these patients, the
cumulative risk of sudden death was almost 20 per-
cent 10 years after the initial evaluation and was al-
most 40 percent at 20 years. Most of these patients
were young, had no outflow obstruction under basal
conditions, and had few or no symptoms. The pos-
sibility that life expectancy in this subgroup is sub-
stantially reduced is supported by previous findings
that patients with extreme hypertrophy who are old-
er than 50 are rarely encountered.16-18

The rate of sudden death that we identified in pa-
tients with extreme left ventricular hypertrophy should
be considered in the context of their youth, particu-
larly in an era in which the implantable cardioverter–
defibrillator is available and can provide effective pro-
tection from lethal ventricular tachyarrhythmias in
patients with hypertrophic cardiomyopathy.15

Admittedly, we cannot predict the future clinical
course of young patients with extreme phenotypic
expressions of this condition after sudden death has

been prevented by a cardioverter–defibrillator. Oth-
er unfavorable patterns of disease could emerge later
in life, such as progression to heart failure or devel-
opment of atrial fibrillation.3-5,10 Nevertheless, since
sudden death often occurs in the absence of clinical-
ly important symptoms and systolic dysfunction in
hypertrophic cardiomyopathy, it is reasonable to ex-
pect that prevention of sudden death in patients with
this disease will prolong life substantially. Therefore,
we believe that young patients with extreme hyper-
trophy (including those with no other risk factors)
should be informed about the option of the im-
plantable cardioverter–defibrillator.

Treatment with amiodarone has been considered an
effective method for the prevention of sudden death
in patients with hypertrophic cardiomyopathy.3-5,25

This conclusion, however, is based principally on a
single retrospective study that included historical con-
trol subjects who were treated with potentially pro-
arrhythmic medications.25 The finding that almost 20
percent of our patients who died suddenly were taking
amiodarone at the time of death casts doubt on the
efficacy of this drug in preventing sudden death in pa-
tients with hypertrophic cardiomyopathy. Further-
more, the toxic effects often associated with long-term
amiodarone treatment limit its use in young patients.

Our findings also have implications for the identi-
fication of patients at low risk for sudden death. In
patients with mild hypertrophy (maximal wall thick-
ness, «19 mm), the rate of sudden death was close
to zero 10 years after the initial evaluation and was
less than 3 percent at 20 years. These findings are con-
sistent with previous hypotheses suggesting that the
majority of patients with mild hypertrophy and with-
out strong predictors of risk should be reassured that
they have a favorable prognosis.4,5,8,10 These recom-
mendations have far-reaching implications, since pa-
tients with mild hypertrophy represent a large pro-
portion of those with this disease8-10 and, indeed,
constituted more than 40 percent of our study pop-
ulation.

Because virtually all the data in the literature on
hypertrophic cardiomyopathy rely on measurements
of left-ventricular-wall thickness uncorrected for body-
surface area, we were concerned that results based on
values that took body size into account would be in-
consistent with all previous findings and would there-
fore be meaningless in the clinical arena. Consequent-
ly, we used absolute wall thickness, a reliable and
easily obtained measurement with which there has
been extensive experience in studies of hypertrophic
cardiomyopathy. Inevitably, this method raises the
problem of how to relate our findings with precision
to the risk of death among children of various body
sizes. Unfortunately, the number of children in our
study population was insufficient to address this is-
sue in detail. Nevertheless, our observations clearly
indicate that children with extreme hypertrophy in
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absolute terms (which would be even greater if wall
thickness were corrected for body size) are at partic-
ularly high risk and require treatment to prevent sud-
den death. Children whose hypertrophy can be clas-
sified at the high end of the morphologic spectrum
with respect to body size are likely to be at increased
risk, but we currently recommend that treatment be
based on an evaluation of their overall risk profile.

The clinical implications of a marked outflow gra-
dient in patients with hypertrophic cardiomyopathy
have been a subject of debate since the early 1960s.26

However, for more than 40 years, the lack of system-
atic data from large populations of consecutively en-
rolled patients has precluded definitive conclusions
on this issue. A recent study of a regional cohort of
patients with hypertrophic cardiomyopathy identified
a relation between the presence or absence of basal
outflow obstruction and the risk of death from car-
diovascular causes.10 Because of the small number of
events in that investigation, however, sudden death
and death related to heart failure could not be ex-
amined as separate end points. In the current study,
we found a relation between the presence of outflow
obstruction and the risk of death due to heart fail-
ure, but not the risk of sudden death. This finding
substantiates the view that interventions designed to
lower the gradient, such as septal myotomy–myec-
tomy, pacing, or alcohol septal ablation,27 cannot be
expected to decrease the risk of sudden death. Also,
the relation we identified between the presence of an
outflow gradient and the risk of death related to heart
failure should not be interpreted as a reason to abol-
ish or reduce the gradient by invasive means in the
absence of severe symptoms, since there is no evi-
dence that such interventions improve survival.

A history of sudden death at a young age in affect-
ed family members has generally been regarded as
an indicator of increased risk in patients with hyper-
trophic cardiomyopathy.3-5 In the current study, this
variable was not related to the risk of sudden death.
However, only a minority of our patients had a his-
tory of sudden death in two or more family members
less than 50 years old. Therefore, our findings should
not obscure previous data suggesting that affected
persons from such families are at increased risk.4,5,28,29

Despite our previous findings that two-dimension-
al echocardiographic measurements of left-ventricu-
lar-wall thickness in patients with hypertrophic car-
diomyopathy are highly reliable,16-21 as also supported
by the analysis of reproducibility in the current study,
we wish to sound a note of caution regarding the ca-
pability of echocardiography to measure wall thick-
ness within 1 to 2 mm.30 This limitation may be more
relevant to left ventricles with particularly marked
hypertrophy. Therefore, we believe that for borderline
measurements of extreme hypertrophy, clinical deci-
sions regarding treatment to prevent sudden death
should also be based on the evaluation of other poten-

tial risk factors, as well as on the physician’s overall
clinical judgment. For measurements of wall thickness
that are clearly at the high end of the morphologic
spectrum of hypertrophic cardiomyopathy, this pheno-
type alone identifies high risk and justifies interven-
tion for the primary prevention of sudden death.15

Our results show that the magnitude of left ven-
tricular hypertrophy is a strong and independent pre-
dictor of prognosis in patients with hypertrophic car-
diomyopathy, a finding that has important implications
for patient care. In the absence of other generally ac-
cepted risk factors, patients at the low end of the
morphologic spectrum of this disease (maximal left-
ventricular-wall thickness, «19 mm) are at low risk
for sudden death. Conversely, young patients with
extreme hypertrophy (maximal wall thickness, »30
mm), although they usually have few or no symp-
toms, appear to be at substantial long-term risk. Such
patients, in consideration of their youth and the po-
tential for a near-normal life expectancy if sudden
death is prevented, should be informed about the
lifesaving protection afforded by the implantable car-
dioverter–defibrillator.

Supported in part by grants from the Consiglio Nazionale delle Ricerche
and Telethon–Italy (to Dr. Spirito) and the Minneapolis Heart Institute
Foundation and the Paul G. Allen Foundation (to Dr. Maron).

We are indebted to Enrica Bagnato for her secretarial assistance.

REFERENCES

1. Teare D. Asymmetrical hypertrophy of the heart in young adults. Br 
Heart J 1958;20:1-8.
2. Frank S, Braunwald E. Idiopathic hypertrophic subaortic stenosis: clin-
ical analysis of 126 patients with emphasis on the natural history. Circula-
tion 1968;37:759-88.
3. Wigle ED, Rakowski H, Kimball BP, Williams WG. Hypertrophic car-
diomyopathy: clinical spectrum and treatment. Circulation 1995;92:1680-
92.
4. Spirito P, Seidman CE, McKenna WJ, Maron BJ. The management of 
hypertrophic cardiomyopathy. N Engl J Med 1997;336:775-85.
5. Maron BJ. Hypertrophic cardiomyopathy. Lancet 1997;350:127-33. 
[Erratum, Lancet 1997;350:1330.]
6. Maron BJ, Gardin JM, Flack JM, Gidding SS, Kurosaki TT, Bild DE. 
Prevalence of hypertrophic cardiomyopathy in a general population of 
young adults: echocardiographic analysis of 4111 subjects in the CARDIA 
Study: Coronary Artery Risk Development in (Young) Adults. Circulation 
1995;92:785-9.
7. Corrado D, Basso C, Schiavon M, Thiene G. Screening for hypertrophic 
cardiomyopathy in young athletes. N Engl J Med 1998;339:364-9.
8. Spirito P, Chiarella F, Carratino L, Berisso MZ, Bellotti P, Vecchio C. 
Clinical course and prognosis of hypertrophic cardiomyopathy in an out-
patient population. N Engl J Med 1989;320:749-55.
9. Kofflard MJ, Waldstein DJ, Vos J, ten Cate FJ. Prognosis in hypertroph-
ic cardiomyopathy observed in a large clinic population. Am J Cardiol 
1993;72:939-43.
10. Maron BJ, Casey SA, Poliac LC, Gohman TE, Almquist AK, Aeppli 
DM. Clinical course of hypertrophic cardiomyopathy in a regional United 
States cohort. JAMA 1999;281:650-5. [Erratum, JAMA 1999;281:2288.]
11. Joseph S, Balcon R, McDonald L. Syncope in hypertrophic obstructive 
cardiomyopathy due to asystole. Br Heart J 1972;34:974-6.
12. McKenna WJ, Deanfield J, Faruqui A, England D, Oakley CM, Goodwin 
JF. Prognosis in hypertrophic cardiomyopathy: role of age and clinical, elec-
trocardiographic and hemodynamic features. Am J Cardiol 1981;47:532-8.
13. Spirito P, Rapezzi C, Autore C, et al. Prognosis in asymptomatic pa-
tients with hypertrophic cardiomyopathy and nonsustained ventricular 
tachycardia. Circulation 1994;90:2743-7.
14. Sadoul N, Prasad K, Elliott PM, Bannerjee S, Frenneaux MP, McKen-
na WJ. Prospective prognostic assessment of blood pressure response dur-

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission. 



LEFT VENTRICULAR HYPERTROPHY AND RISK OF SUDDEN DEATH IN HYPERTROPHIC CARDIOMYOPATHY

Volume 342 Number 24 · 1785

ing exercise in patients with hypertrophic cardiomyopathy. Circulation 
1997;96:2987-91.
15. Maron BJ, Shen W-K, Link MS, et al. Efficacy of implantable cardio-
verter–defibrillators for the prevention of sudden death in patients with hy-
pertrophic cardiomyopathy. N Engl J Med 2000;342:365-73.
16. Louie EK, Maron BJ. Hypertrophic cardiomyopathy with extreme in-
crease in left ventricular wall thickness: functional and morphologic fea-
tures and clinical significance. J Am Coll Cardiol 1986;8:57-65.
17. Spirito P, Maron BJ. Relation between extent of left ventricular hyper-
trophy and age in hypertrophic cardiomyopathy. J Am Coll Cardiol 1989;
13:820-3.
18. Idem. Relation between extent of left ventricular hypertrophy and oc-
currence of sudden cardiac death in hypertrophic cardiomyopathy. J Am 
Coll Cardiol 1990;15:1521-6.
19. Spirito P, Rapezzi C, Bellone P, et al. Infective endocarditis in hyper-
trophic cardiomyopathy: prevalence, incidence, and indications for antibi-
otic prophylaxis. Circulation 1999;99:2132-7.
20. Maron BJ, Spirito P, Wesley Y, Arce J. Development and progression 
of left ventricular hypertrophy in children with hypertrophic cardiomyop-
athy. N Engl J Med 1986;315:610-4.
21. Spirito P, Maron BJ, Bonow RO, Epstein SE. Occurrence and signif-
icance of progressive left ventricular wall thinning and relative cavity dil-
atation in hypertrophic cardiomyopathy. Am J Cardiol 1987;60:123-9.
22. Panza JA, Petrone RK, Fananapazir L, Maron BJ. Utility of continu-
ous wave Doppler echocardiography in the noninvasive assessment of left 
ventricular outflow tract pressure gradient in patients with hypertrophic 
cardiomyopathy. J Am Coll Cardiol 1992;19:91-9.

23. Niimura H, Bachinski LL, Sangwatanaroj S, et al. Mutations in the 
gene for cardiac myosin-binding protein C and late-onset familial hyper-
trophic cardiomyopathy. N Engl J Med 1998;338:1248-57.
24. Maron BJ, Nishimura RA, McKenna WJ, Rakowski H, Josephson ME, 
Kieval RS. Assessment of permanent dual-chamber pacing as a treatment 
for drug-refractory symptomatic patients with obstructive hypertrophic 
cardiomyopathy: a randomized, double-blind, crossover study (M-PATHY). 
Circulation 1999;99:2927-33.
25. McKenna WJ, Oakley CM, Krikler DM, Goodwin JF. Improved sur-
vival with amiodarone in patients with hypertrophic cardiomyopathy and 
ventricular tachycardia. Br Heart J 1985;53:412-6.
26. Braunwald E, Lambrew CT, Rockoff SD, Ross J Jr, Morrow AG. Id-
iopathic hypertrophic subaortic stenosis. I. A description of the disease 
based upon an analysis of 64 patients. Circulation 1964;30:Suppl IV:IV-3–
IV-119.
27. Knight C, Kurbaan AS, Seggewis H, et al. Nonsurgical septal reduc-
tion for hypertrophic obstructive cardiomyopathy. Circulation 1997;95:
2075-81.
28. Watkins H, Rosenzweig A, Hwang D-S, et al. Characteristics and 
prognostic implications of myosin missense mutations in familial hyper-
trophic cardiomyopathy. N Engl J Med 1992;326:1108-14.
29. Schwartz K, Carrier L, Guicheney P, Komajda M. Molecular basis of 
familial cardiomyopathies. Circulation 1995;91:532-40.
30. Palmieri V, Dahlof B, DeQuattro V, et al. Reliability of echocardio-
graphic assessment of left ventricular structure and function: the PRE-
SERVE Study: Prospective Randomized Study Evaluating Regression of 
Ventricular Enlargement. J Am Coll Cardiol 1999;34:1625-32.

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission. 


