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ABSTRACT

Background Previous studies of the prognosis of
patients with heart failure due to cardiomyopathy cat-
egorized patients according to whether they had is-
chemic or nonischemic disease. The prognostic value
of identifying more specific underlying causes of car-
diomyopathy is unknown.

Methods We evaluated the outcomes of 1230
patients with cardiomyopathy. The patients were
grouped into the following categories according to
underlying cause: idiopathic cardiomyopathy (616 pa-
tients); peripartum cardiomyopathy (51); and cardio-
myopathy due to myocarditis (111), ischemic heart
disease (91), infiltrative myocardial disease (59), hy-
pertension (49), human immunodeficiency virus (HIV)
infection (45), connective-tissue disease (39), sub-
stance abuse (37), therapy with doxorubicin (15), and
other causes (117). Cox proportional-hazards analy-
sis was used to assess the association between the
underlying cause of cardiomyopathy and survival.

Results During a mean follow-up of 4.4 years, 417
patients died and 57 underwent cardiac transplanta-
tion. As compared with the patients with idiopathic
cardiomyopathy, the patients with peripartum car-
diomyopathy had better survival (adjusted hazard ra-
tio for death, 0.31; 95 percent confidence interval, 0.09
to 0.98), and survival was significantly worse among
the patients with cardiomyopathy due to infiltrative
myocardial disease (adjusted hazard ratio, 4.40; 95
percent confidence interval, 3.04 to 6.39), HIV infec-
tion (adjusted hazard ratio, 5.86; 95 percent confidence
interval, 3.92 to 8.77), therapy with doxorubicin (ad-
justed hazard ratio, 3.46; 95 percent confidence inter-
val, 1.67 to 7.18), and ischemic heart disease (adjust-
ed hazard ratio, 1.562; 95 percent confidence interval,
1.07 to 2.17).

Conclusions The underlying cause of heart failure
has prognostic value in patients with unexplained
cardiomyopathy. Patients with peripartum cardiomy-
opathy appear to have a better prognosis than those
with other forms of cardiomyopathy. Patients with
cardiomyopathy due to infiltrative myocardial diseas-
es, HIV infection, or doxorubicin therapy have an es-
pecially poor prognosis. (N Engl J Med 2000;342:
1077-84.)
©2000, Massachusetts Medical Society.

ESPITE advances in drug therapy, the
prognosis of patients with heart failure re-
mains poor.! The accurate assessment of
prognosis in patients with this disorder is
critical, to ensure that patients with the most severe
disease receive appropriate consideration for the lim-
ited number of hearts available for transplantation.
Although substantial research has demonstrated the
prognostic value of a variety of clinical characteristics
in patients with heart failure,>5 few data are available
on the association between the cause of cardiomyop-
athy and the long-term prognosis.®” Previous studies
addressing the influence of the underlying cause on
prognosis have generally compared patients with is-
chemic heart disease and those with nonischemic
causes of heart failure. Although it is possible to iden-
tify a more specific cause in a substantial percentage
of patients with nonischemic cardiomyopathy,’ con-
sensus recommendations suggest that the underly-
ing cause is clinically important in only a few cases.%10
Definitive data on the long-term prognosis of many
uncommon forms of cardiomyopathy are limited. We
undertook this study to determine the prognosis as-
sociated with cardiomyopathy of different causes, as
defined by an exhaustive diagnostic evaluation per-
formed at a tertiary care center with expertise in the
diagnosis and treatment of cardiomyopathy.

METHODS
Selection of Patients

Between December 1982 and December 1997, 1230 patients
underwent endomyocardial biopsy as part of an evaluation for
heart failure due to unexplained cardiomyopathy. The majority of
these patients were referred by other physicians, and thus some
common but easily identified causes of heart failure, such as is-
chemic heart disease, hypertension, and valvular heart disease, were
underrepresented. In addition to endomyocardial biopsy, all the
patients underwent a careful history taking and physical examina-
tion; selected laboratory studies, including thyroid-function test-
ing and measurement of antinuclear antibodies; and right-heart
catheterization. All patients with a history suggestive of ischemic
heart disease or at least two standard risk factors for atheroscle-
rosis underwent coronary angiography. We recently reported de-
tailed clinical characteristics of this cohort of patients and the
safety of endomyocardial biopsy in this cohort.!! The study was
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approved by the Joint Committee on Clinical Investigation at
Johns Hopkins Hospital. Oral informed consent to include their
data in the study was obtained from the patients.

Endomyocardial Biopsy

All the patients underwent endomyocardial biopsy and right-
heart catheterization in a standardized manner, as previously de-
scribed.!! Specimens were examined at a minimum of four section
levels by an experienced cardiac pathologist. Staining with Congo
red to identify amyloidosis and with Prussian blue to identify he-
mochromatosis was performed when appropriate.

Cause of Cardiomyopathy

All patients were prospectively assigned an underlying cause of
cardiomyopathy at the completion of the clinical evaluation, ac-
cording to previously published definitions.®!! The diagnostic clas-
sification was based on the recommendations of the World Health
Organization—International Society and Federation of Cardiolo-
gy Task Force for the classification of cardiomyopathy, as origi-
nally defined in 1980 and as modified in 1996.1213 In patients for
whom there was more than one potential cause of heart failure, the
single most likely cause was chosen. Final diagnoses were assigned
without knowledge of the patients’ status with respect to long-term
survival or cardiac transplantation. For the purposes of analysis,
patients were assigned to one of the following categories according
to the underlying cause of the cardiomyopathy: idiopathic cardio-
myopathy; peripartum cardiomyopathy; or cardiomyopathy due to
ischemic heart disease, infiltrative myocardial disease (i.e., amyloido-
sis, hemochromatosis, or sarcoidosis), myocarditis, substance abuse
(i.e., cocaine or alcohol abuse), connective-tissue disease, infec-
tion with the human immunodeficiency virus (HIV), hypertension,
therapy with doxorubicin, or other causes.

Follow-up

Information on the vital status of the patients was obtained from
clinical records and through a search of the National Death In-
dex.!* The status of the patients with respect to cardiac transplan-
tation was obtained from their clinical records.

Statistical Analysis

Comparisons among groups were made with the use of Stu-
dent’s t-test for continuous variables and the chi-square test for cat-
egorical variables. Since many of the patients in this study would
have been classified as having idiopathic cardiomyopathy if they had
not undergone a rigorous diagnostic evaluation, each diagnostic
group was compared with the group of patients with idiopathic
cardiomyopathy (the reference group). The primary end point was
death from all causes. Data on patients who underwent cardiac
transplantation were censored at the time of transplantation. Sur-
vival curves were constructed according to the method of Kaplan
and Meier. Multivariate Cox proportional-hazards modeling was
used to adjust for demographic and hemodynamic variables. The
following prespecified variables were tested in the multivariate
model: cause of cardiomyopathy, age, sex, race, heart rate, pulse
pressure, cardiac index, pulmonary-artery systolic blood pressure,
and pulmonary-capillary wedge pressure. A two-sided P value of
less than 0.05 was considered to indicate statistical significance.

RESULTS
Causes of Cardiomyopathy

A specific cause of cardiomyopathy was identified
in 614 of the 1230 patients (50 percent). The remain-
ing 616 patients were classified as having idiopathic
cardiomyopathy despite having undergone a compre-
hensive clinical evaluation. Endomyocardial biopsy
provided a specific histologic diagnosis in 188 pa-
tients (15 percent). Specific diagnoses for all 1230

1078 - April 13,2000

patients are shown in Table 1. The complication rate
of endomyocardial biopsy was 8 percent, and there
were two procedure-related deaths (0.2 percent).

Characteristics of the Patients

The clinical and hemodynamic characteristics of
the patients, according to the cause of cardiomyop-
athy, are shown in Table 2. There was substantial
heterogeneity among the groups with regard to age,

TABLE 1. FINAL DIAGNOSES IN 1230 PATIENTS
WITH INITIALLY UNEXPLAINED CARDIOMYOPATHY.

DiaGNosIs NUMBER (%)
Idiopathic cardiomyopathy 616 (50)
Myocarditis 111 (9)
Ischemic heart disease 91 (7)
Cardiomyopathy due to infiltrative myo- 59 (5)
cardial disease
Amyloidosis 36
Sarcoidosis 14
Hemochromatosis 9
Peripartum cardiomyopathy 51 (4)
Cardiomyopathy due to hypertension 49 (4)
Cardiomyopathy due to infection with the 45 (4)
human immunodeficiency virus
Cardiomyopathy due to connective-tissue 39 (3)
disease
Scleroderma 12
Systemic lupus erythematosus 9
Marfan’s syndrome 3
Polyarteritis nodosum 3
Dermatomyositis or polymyositis 3
Nonspecific connective-tissue disease 3
Ankylosing spondylitis 2
Rheumatoid arthritis 1
Relapsing polychondritis 1
Wegener’s granulomatosis 1
Mixed connective-tissue disease 1
Cardiomyopathy due to substance abuse 37 (3)
Chronic alcohol abuse 28
Cocaine abuse 9
Cardiomyopathy due to doxorubicin therapy 15 (1)
Cardiomyopathy due to other causes 117 (10)
Restrictive cardiomyopathy 28
Familial cardiomyopathy 25
Valvular heart disease 19
Endocrine dysfunction
Thyroid disease 7
Carcinoid 2
Pheochromocytoma 1
Acromegaly 1
Neuromuscular disease 7
Neoplastic heart disease 6
Congenital heart disease 4
Complication of coronary-artery bypass 4
surgery
Radiation 3
Critical illness 3
Endomyocardial fibroelastosis 1
Thrombotic thrombocytopenic purpura 1
Rheumatic carditis 1
Drug therapy (not including doxorubicin)
Leukotrienes 2
Lithium 1
Prednisone 1
Total 1230 (100)
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TABLE 2. CLINICAL AND HEMODYNAMIC CHARACTERISTICS ACCORDING TO CAUSE OF CARDIOMYOPATHY.*

IDIOPATHIC PERIPARTUM  INFILTRATIVE Doxo- IscHEMIC Sus-
AL CARDIOMY- CARDIOMY- IVIYOCARDIAL  RUBICIN HIV HeART Myo- HYPER- STANCE
CAuses OPATHY OPATHY DISEASE THERAPY  INFECTION DISEASE  CARDITIS  TENSION CTD ABUSE OTHER
CHARACTERISTIC (N=1230) (N=616) (N=51) (N=59) (N=15) (N=45) (N=91) (N=111) (N=49) (N=39) (N=37) (N=117)
Sex (%)
Male 60 62 NA 68 131 83t 77t 59 58 31t 81t 59
Female 40 38 100 32 87 17 23 41 42 69 19 41
Race (%)
White 63 65 53 68 60 22% 82 70 36 49 32 72
Nonwhite 37 35 47 32 40 78 18 30 64 51 68 28
Age (yr) 48*15 49+14 29+7% 5612t 52*10 38*9t1 56+13t1 41*151 49+13 46*16 41+10f 49*15
Heart rate 89+20 89+20 89+23 82x16t 89+32 100*x221 89*x17 89x23 89x15 87x16 93*+24 85*18
(beats/min)

Pulse pressure 48+20 48+19 42*141 42+15% 37x12t 43*x12t 45*x19 47*x19 61*201 50%+32 42*20 51%22
(mm Hg)

Cardiac index 2.3*+0.7 23*x0.7 24%x0.7 2.1*0.8 1.8+0.6f 2.9+091 2.0+0.51 2.4*0.6 2.5%0.7f 2.2%£0.6 2.2+0.7 2.2*0.6
(liters /min,/m?)

Left ventricular 28*+13 28*+13 3012 25*14 19+101 34*16t 23=*8%t 3015 35*121 29*+13 25*x10 29*=12
stroke-work
index (g/m/m?)

Pulmonary-capillary 17+9 179 14+9% 18+8 169 12*8¢t 1910t 15=*9 179 169 20£81 18%10
wedge pressure
(mm Hg)

Pulmonary-artery 39+16 39+16 34+14t 44*15% 39+12 31*x14t1 43*17t 35*141f 42*x17 38*x13 43*14 42=*18

systolic blood
pressure
(mm Hg)

*Plus—minus values are means =SD. HIV denotes human immunodeficiency virus, CTD connective-tissue disease, and NA not applicable.

1tP<0.05 for the comparison with idiopathic cardiomyopathy.

sex, and severity of hemodynamic compromise. The
mean age of the study cohort at the time of diagno-
sis was 48 years. The patients with cardiomyopathy
due to ischemic heart disease and those with cardio-
myopathy due to infiltrative myocardial disease were
significantly older than those with idiopathic cardio-
myopathy, whereas the patients with HIV infection,
myocarditis, substance abuse, or peripartum cardio-
myopathy were younger.

Association between Cause and Outcome

During a mean follow-up period of 4.4 years, 417
patients died and 57 underwent cardiac transplanta-
tion. Unadjusted and adjusted hazard ratios for each
etiologic group, as compared with the group with
idiopathic cardiomyopathy (in which the hazard ra-
tio for death was 1.0, by definition), are provided in
Table 3. In the unadjusted analysis, survival was sub-
stantially better among the patients with peripartum
cardiomyopathy than among those with idiopathic
cardiomyopathy (hazard ratio for death, 0.14; 95 per-
cent confidence interval, 0.05 to 0.44; P=0.001). In
contrast, survival was significantly worse among the
patients with cardiomyopathy due to infiltrative myo-
cardial diseases (hazard ratio, 4.79; 95 percent confi-
dence interval, 3.36 to 6.81; P<<0.001), HIV infection
(hazard ratio, 4.00; 95 percent confidence interval,

2.80 to 5.74; P<<0.001), therapy with doxorubicin
(hazard ratio, 2.64; 95 percent confidence interval,
1.35 to 5.17; P=0.005), and ischemic heart disease
(hazard ratio, 2.01; 95 percent confidence interval,
1.46 to 2.77; P<<0.001). Survival among the patients
with cardiomyopathy due to myocarditis, substance
abuse, hypertension, connective-tissue disease, or oth-
er causes did not differ significantly from that among
patients with idiopathic cardiomyopathy.

To adjust for differences between groups, we per-
formed multiple Cox proportional-hazards analyses.
The inclusion of age, sex, race, and hemodynamic
variables with underlying cause in a multivariate mod-
el did not substantively alter the association between
cause and prognosis. Adjusted estimates of survival
for the groups that were significantly different from
the group with idiopathic cardiomyopathy are shown
in Figure 1. Older age (hazard ratio for death asso-
ciated with each additional decade of life, 1.20; 95
percent confidence interval, 1.10 to 1.30; P<<0.001)
and male sex (hazard ratio, 1.26; 95 percent confi-
dence interval, 1.00 to 1.60; P=0.05) were associat-
ed with worse survival than younger age and female
sex (Table 3). After the inclusion of prespecified he-
modynamic variables in the multivariate model, a pre-
vious trend toward worse survival in patients with car-
diomyopathy due to connective-tissue disease reached
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TABLE 3. ASSOCIATION BETWEEN CLINICAL VARIABLES AND SURVIVAL.*

VARIABLE

Cause

Idiopathic cardiomyopathyt

Peripartum cardiomyopathy

Cardiomyopathy due to hypertension

Cardiomyopathy due to myocarditis

Cardiomyopathy due to other causes

Cardiomyopathy due to connective-tissue
discase

Cardiomyopathy due to substance abuse

Cardiomyopathy due to ischemic heart
discase

Cardiomyopathy due to doxorubicin therapy

Cardiomyopathy due to HIV infection

Cardiomyopathy due to infiltrative

UNADJUSTED ANALYSIS

HAZARD RATIO
FOR DEATH
(95% CI)

1.00

0.14 (0.05-0.44)
0.69 (0.35-1.35)
0.74 (0.49-1.10)
1.21 (0.85-1.72)
1.44 (0.85-2.43)

1.45 (0.88-2.38)
2.01 (1.46-2.77)

2.64 (1.35-5.17)
4.00 (2.80-5.74)
479 (3.36-6.81)

MULTIVARIATE ANALYSIS

HAZARD RATIO

myocardial disease
Demographic characteristics
Age (each additional decade of life)
Male sex
White race
Hemodynamic characteristics
Pulse pressure (each increment of 5 mm Hg)
Heart rate (each increment of 10 beats/min)
Pulmonary-artery systolic blood pressure
(each increment of 5 mm Hg)
Pulmonary-capillary wedge pressure
(each increment of 5 mm Hg)
Cardiac index (each increment
of 1 liter/min/m?2)

P FOR DEATH P
VALUE (95% CI) VALUE
1.00
0.001 0.31 (0.09-0.98) 0.05
0.28 0.74 (0.36-1.52) 0.42
0.13 1.05 (0.67-1.61) 0.82
0.28 1.30 (0.89-1.91) 0.18
0.18 1.75 (1.02-3.01) 0.04
0.15 1.41 (0.79-2.53) 0.25
<0.001 1.52 (1.07-2.17) 0.02
0.005 3.46 (1.67-7.18) 0.001
<0.001 5.86 (3.92-8.77)  <0.001
<0.001 4.40 (3.04-6.39) <0.001
1.20 (1.10-1.30)  <0.001

1.26 (1.00-1.60)  0.05
0.98 (0.78-1.23)  0.88

0.97 (0.94-1.00)  0.04
1.05(099-1.11) 013
1.11 (1.04-1.17)  0.001
1.00 (091-1.11) 093

0.94 (0.78-1.13) 053

*In multivariate analysis, survival was adjusted for demographic and hemodynamic characteristics. CI denotes confi-

dence interval, and HIV human immunodeficiency virus.

t1diopathic cardiomyopathy served as the reference category.

statistical significance (adjusted hazard ratio for death,
1.75; 95 percent confidence interval, 1.02 to 3.01;
P=0.04). As shown in Table 3, the following vari-
ables were independently associated with survival in
a multivariate model: cause (with the exception of hy-
pertension, myocarditis, other causes, and substance
abuse), age, sex, pulse pressure, and pulmonary-artery
systolic pressure.

Several alternative analyses were performed to test
the validity of these results. To confirm the results in
the group with peripartum cardiomyopathy, we re-
peated the multivariate analysis with age considered as
a categorical variable in 10-year increments rather than
as a continuous variable. In this analysis, the improved
survival in the group with peripartum cardiomyopa-
thy persisted (adjusted hazard ratio, 0.28; 95 per-
cent confidence interval, 0.08 to 0.91; P=0.04). To
evaluate the potential effect of improvements in med-
ical therapy for heart failure over time, the multivari-
ate analysis was repeated with the inclusion of the
calendar year of diagnosis, in five-year increments. This
analysis revealed a trend toward improved survival
over time (adjusted hazard ratio as compared with
diagnosis in 1983 to 1987: diagnosis in 1988 to 1992,
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0.88; and diagnosis in 1993 to 1997, 0.81) that did
not reach statistical significance.

To assess the effect of cardiac transplantation, we
reanalyzed the data using the combined end point of
death or cardiac transplantation. In this alternative
analysis, the associations between specific causes of
cardiomyopathy and prognosis were unchanged, with
the exception that cardiomyopathy due to connec-
tive-tissue disease was no longer significant (adjusted
hazard ratio for death or transplantation, 1.44; 95
percent confidence interval, 0.84 to 2.27; P=0.18).
Multivariate modeling in which transplantation-free
survival was used as an end point produced results
that were similar to those of the analysis of absolute
survival, with cause (with the exception of hyperten-
sion, myocarditis, ischemic heart disease, other causes,
and substance abuse), age, sex, pulse pressure, and
pulmonary-artery systolic blood pressure remaining
as independent predictors of survival.

Analysis of Cardiomyopathy Due to
Infiltrative Myocardial Disease

Because the group with cardiomyopathy due to in-
filtrative myocardial disease was composed of pa-
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Figure 1. Adjusted Kaplan—Meier Estimates of Survival According to the Underlying Cause of Cardiomyopathy.
Only idiopathic cardiomyopathy and cardiomyopathy due to causes for which survival was significantly different from

that in patients with idiopathic cardiomyopathy are shown.

tients with three distinct histologic diagnoses (amy-
loidosis, hemochromatosis, and sarcoidosis), each of
these causes was analyzed separately. After adjust-
ments were made for demographic and hemodynamic
variables, survival was found to be markedly worse
among the patients with amyloidosis (adjusted hazard
ratio for death, 7.41; 95 percent confidence interval,
4.45 to 12.33; P<0.001) or hemochromatosis (ad-
justed hazard ratio, 8.88; 95 percent confidence in-
terval, 3.64 to 21.65; P<0.001) than among those
with idiopathic cardiomyopathy. The prognosis in pa-
tients with sarcoidosis was not significantly different
from that in the patients with idiopathic cardiomy-
opathy (adjusted hazard ratio, 1.72; 95 percent con-
fidence interval, 0.69 to 4.27; P=0.24). The adjusted
survival curves for the patients with cardiomyopathy
due to infiltrative myocardial disease are shown in
Figure 2.

DISCUSSION

This study examined the association between the
specific cause of cardiomyopathy and long-term sur-
vival in a large group of patients evaluated at a single
tertiary care center with expertise in the diagnosis
and treatment of cardiomyopathy. The patients with
peripartum cardiomyopathy had the best prognosis
of any subgroup and were the only group to have a
significantly better rate of survival than the patients
with idiopathic cardiomyopathy. As compared with
the patients with idiopathic cardiomyopathy, the pa-

tients with cardiomyopathy due to infiltrative myo-
cardial disease, HIV infection, therapy with doxoru-
bicin, or ischemic heart disease had significantly worse
survival in the unadjusted analysis. After multivariate
adjustment, the patients with cardiomyopathy due to
connective-tissue disease also had significantly worse
survival. We did not find a significant difference in sur-
vival between the patients with idiopathic cardiomyop-
athy and those with cardiomyopathy due to myocardi-
tis, hypertension, substance abuse, or other causes.
In our study, the patients with peripartum cardio-
myopathy had a substantially better prognosis than
those with other causes of heart failure, with a 94
percent survival rate at five years. Peripartum cardio-
myopathy is, by definition, a disease that affects young
women, and the mean age of the patients with this
diagnosis was substantially younger than that of the
patients with idiopathic cardiomyopathy (29 years as
compared with 49 years). Even after adjustments were
made for differences in age and sex, however, the
prognosis among the patients with peripartum car-
diomyopathy remained better than that of the other
groups. In addition, a substantial portion of the pa-
tients with peripartum cardiomyopathy (26 of 51
patients) had histologic evidence of myocarditis on
endomyocardial biopsy. These findings are in con-
trast to those of previous studies, which generally
described poor outcomes and a low incidence of my-
ocarditis in patients with peripartum cardiomyopa-
thy.1516 The stricter diagnostic definition of peripar-
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Figure 2. Adjusted Kaplan—Meier Estimates of Survival among Patients with Cardiomyopathy Due to Amyloidosis,
Sarcoidosis, or Hemochromatosis, as Compared with That among Patients with Idiopathic Cardiomyopathy.

tum cardiomyopathy used in our study may account
for the difference in results.

The worst prognosis was in the group with car-
diomyopathy due to infiltrative myocardial disease,
which included patients with cardiac amyloidosis, sar-
coidosis, or hemochromatosis. Further analysis of this
subgroup indicated extremely poor long-term surviv-
al among the patients with amyloidosis and hemo-
chromatosis, with one-year survival rates of 29 per-
cent and 44 percent, respectively. Poor survival in
patients with cardiac amyloidosis has been reported
previously.”” In contrast, the patients in our study
who had cardiac sarcoidosis had a prognosis similar
to that of the patients with idiopathic cardiomyopa-
thy, with a one-year survival rate of 77 percent. The
natural history of cardiac sarcoidosis thus appears to
be markedly different from that of giant-cell myo-
carditis, a rare disorder that may be confused with
sarcoidosis on histologic examination. Recently pub-
lished data confirm the extremely poor prognosis of
patients with giant-cell myocarditis, who have a one-
year survival rate of less than 40 percent.!$

High mortality among patients with amyloidosis,
hemochromatosis, HIV infection, or doxorubicin car-
diotoxicity can be partially attributed to noncardiac
causes, since each of these disorders may be associ-
ated with decreased long-term survival independently
of the diagnosis of cardiomyopathy. Improvements
in specific therapies for both HIV infection and can-
cer, however, may make the cardiomyopathy that is
associated with these conditions more prevalent as
patients survive longer with their primary illness. Re-
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gardless of the cause of death, these data demon-
strate the extremely poor prognosis associated with
cardiomyopathy due to these disorders and the po-
tential prognostic value of identifying a specific cause
of heart failure in patients who present with unex-
plained cardiomyopathy.

Ischemic as Compared with Nonischemic Cardiomyopathy

In this study, survival was worse among the pa-
tients with cardiomyopathy due to ischemic heart
disease than among those with idiopathic cardiomy-
opathy. This finding is consistent with the results of
most previous studies, which have demonstrated a
worse prognosis in patients with ischemic cardiomy-
opathy than in those with other causes of heart fail-
ure.27%19.20 In addition, in the placebo groups of sev-
eral large trials of therapy for heart failure, higher
mortality has been found among patients with an is-
chemic cause of heart failure than among patients with
a nonischemic cause.2!2® These findings contrast,
however, with those of the community-based Fra-
mingham Heart Study, which found worse long-term
survival among patients with nonischemic causes of
heart failure.® In our study, hemodynamic compro-
mise was greater in the patients with cardiomyopathy
due to ischemic heart disease than in those with id-
iopathic cardiomyopathy, suggesting that the patients
with ischemic heart disease may have had more ad-
vanced heart failure at the time of evaluation.

Even after adjustments were made for demographic
and hemodynamic variables, however, survival was
worse among patients with cardiomyopathy due to
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ischemic heart disease. Because so many of the pa-
tients with easily identifiable causes of heart failure,
such as ischemic disease and hypertension, were not
referred to our study, patients with such causes were
underrepresented in our cohort, as compared with a
general population of patients with heart failure. The
patients in our study with cardiomyopathy due to is-
chemic heart disease may therefore have differed from
those seen in a community setting. Still, our findings
support the general conclusion that patients with car-
diomyopathy due to ischemic heart disease have a
worse prognosis than do patients with nonischemic
causes of cardiomyopathy.

Previous Studies of Cause and Prognosis

Previous studies that have addressed the prognos-
tic importance of the underlying cause of cardiomy-
opathy have generally categorized patients according
to whether they had ischemic or nonischemic causes
of heart failure. The lack of specific information about
the cause of heart failure in patients with cardiomy-
opathy due to nonischemic causes is a limitation of
such studies. Our study differs from others in that
we performed an exhaustive clinical evaluation of
each patient, including endomyocardial biopsy, in or-
der to identify the cause of cardiomyopathy as pre-
cisely as possible. Our study also included a much
more heterogeneous population of patients with re-
gard to cause of cardiomyopathy than did either the
Framingham Study® or the Studies of Left Ventricu-
lar Dysfunction (SOLVD) registry.!? Because of the
large size of the study cohort and the fact that all the
patients had been referred to our center, we were
able to provide data on long-term survival in patients
with cardiomyopathy due to many relatively rare non-
ischemic causes; such patients are often excluded
from randomized trials of therapy for heart failure.

The proportions of both women and members of
minority groups were higher in our series than in
many previous studies of heart failure. Forty percent
of the patients in our study were women, and 34 per-
cent were black, as compared with 26 percent and 12
percent, respectively, in the SOLVD registry.! When
considered along with cause, age, and race, sex was
an independent predictor of prognosis in this cohort,
with men having worse survival than women. This
trend persisted (P=0.05) after additional adjustment
for hemodynamic variables. These findings are in gen-
eral agreement with epidemiologic data from the Fra-
mingham Study and the first National Health and
Nutrition Examination Survey (NHANES I), which
demonstrated better prognosis among women with
heart failure than among men.6 Work by Adams and
colleagues suggested that these sex differences are
most pronounced among patients with nonischemic
causes of heart failure.”2¢ The results of our study in
a cohort of patients with primarily nonischemic car-
diomyopathy lend further support to this finding.

Limitations of the Study

The applicability of our results to the general pop-
ulation of patients with heart failure is limited by the
referral nature of this cohort. Patients with some com-
mon causes of cardiomyopathy were not referred for
an exhaustive evaluation, including endomyocardial
biopsy, and thus were underrepresented in our cohort.
In addition, data on the cause of death of the patients
were not obtained, and we were therefore unable to
differentiate between deaths due to cardiac causes and
other deaths. Clearly, survival among patients with
cardiomyopathy due to HIV infection, infiltrative my-
ocardial disease, or doxorubicin therapy may be lim-
ited by the primary illness. Drug therapy for heart
failure was not controlled for during this study, so
we are unable to speculate on the extent to which dif-
terences in therapy for heart failure may have affected
our results, although a trend toward improved sur-
vival was seen in patients who received a diagnosis
more recently, as compared with those who received
a diagnosis earlier. Because of the methods used to
establish vital status, it is possible that some patients
who were lost to clinical follow-up may have been
classified incorrectly as long-term survivors if they
were not identified during a search of the National
Death Index. The accuracy of the National Death In-
dex has been externally validated, but up to 5 per-
cent of persons who have died may be missing, par-
ticularly women and members of minority groups.?s

Conclusions

Our study demonstrates that the underlying cause
of heart failure is independently associated with sur-
vival among patients with certain types of cardiomy-
opathy. Whereas peripartum cardiomyopathy had a
better long-term prognosis than idiopathic cardiomy-
opathy, cardiomyopathy due to infiltrative diseases of
the myocardium, HIV infection, doxorubicin therapy,
ischemic heart disease, and connective-tissue disease
were associated with worse survival. Among patients
with cardiomyopathy due to infiltrative myocardial dis-
ease, those with amyloidosis or hemochromatosis had
the worst prognosis, whereas patients with sarcoidosis
had a prognosis similar to that of patients with id-
iopathic cardiomyopathy. As in previous studies, older
age and male sex were associated with a worse prog-
nosis than younger age and female sex.

We conclude that the identification of the under-
lying cause of heart failure, beyond the differentia-
tion between ischemic and nonischemic causes, has
prognostic importance, primarily for patients with
peripartum cardiomyopathy and those with cardio-
myopathy due to infiltrative myocardial disease, dox-
orubicin therapy, or HIV infection. The evaluation of
patients with unexplained cardiomyopathy should in-
clude a careful search for a specific cause, and the re-
ferral of patients to a tertiary care center may facilitate
the accurate assessment of prognosis. Further under-

Volume 342 Number 15 1083

Downloaded from www.nejm.org at JOHN H STROGER HOSP COOK CNTY on September 18, 2006 .
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

standing of the prognostic and therapeutic impor-
tance of the specific cause of cardiomyopathy may aid
in tailoring available therapies to individual patients.

We are indebted to Dr. Gary Gerstenblith and Dr. Scott Zeger for
their critical review of the manuscript.

REFERENCES

1. Schocken DD, Arrieta MI, Leaverton PE, Ross EA. Prevalence and
mortality rate of congestive heart failure in the United States. ] Am Coll
Cardiol 1992;20:301-6.

2. Likoff MJ, Chandler SL, Kay HR. Clinical determinants of mortality in
chronic congestive heart failure secondary to idiopathic dilated or to ische-
mic cardiomyopathy. Am ] Cardiol 1987;59:634-8.

3. Cohn JN, Rector TS. Prognosis of congestive heart failure and predic-
tors of mortality. Am J Cardiol 1988;62:25A-30A.

4. Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH Jr, Wilson
JR. Value of peak exercise oxygen consumption for optimal timing of car-
diac transplantation in ambulatory patients with heart failure. Circulation
1991;83:778-86.

5. Cohn JN, Levine TB, Olivari MT, et al. Plasma norepinephrine as a
guide to prognosis in patients with chronic congestive heart failure. N Engl
J Med 1984;311:819-23.

6. Ho KK, Anderson KM, Kannel WB, Grossman W, Levy D. Survival af-
ter the onset of congestive heart failure in Framingham Heart Study sub-
jects. Circulation 1993;88:107-15.

7. Adams KF Jr, Dunlap SH, Sueta CA, et al. Relation between gender,
ctiology and survival in patients with symptomatic heart failure. ] Am Coll
Cardiol 1996;28:1781-8.

8. Kasper EK, Agema WR, Hutchins GM, Deckers JW, Hare JM, Baugh-
man KL. The causes of dilated cardiomyopathy: a clinicopathologic review
of 673 consecutive patients. ] Am Coll Cardiol 1994;23:586-90.

9. Guidelines for the evaluation and management of heart failure: report
of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee on Evaluation and Management
of Heart Failure). Circulation 1995;92:2764-84.

10. Consensus recommendations for the management of chronic heart fail-

1084 - April 13,2000

ure: on behalf of the membership of the Advisory Council to Improve Out-
comes Nationwide in Heart Failure. Am J Cardiol 1999;83:Suppl2A:1A-38A.
11. Felker GM, Hu W, Hare JM, Hruban RH, Baughman KL, Kasper EK.
The spectrum of dilated cardiomyopathy: the Johns Hopkins experience
with 1,278 patients. Medicine (Baltimore) 1999;78:270-83.

12. Report of the WHO/ISEC task force on the definition and classifica-
tion of cardiomyopathies. Br Heart ] 1980;44:672-3.

13. Richardson P, McKenna W, Bristow M, et al. Report of the 1995
World Health Organization/International Society and Federation of Car-
diology Task Force on the Definition and Classification of Cardiomyopa-
thies. Circulation 1996;93:841-2.

14. Bilgrad R. National Death Index user’s manual. Rev. ed. Hyattsville,
Md.: National Center for Health Statistics, February 1995.

15. Demakis JG, Rahimtoola SH, Sutton GC, et al. Natural course of
peripartum cardiomyopathy. Circulation 1971;44:1053-61.

16. Homans DC. Peripartum cardiomyopathy. N Engl ] Med 1985;312:
1432-7.

17. Kyle RA, Gertz MA. Primary systemic amyloidosis: clinical and labo-
ratory features in 474 cases. Semin Hematol 1995;32:45-59.

18. Cooper LT Jr, Berry GJ, Shabetai R. Idiopathic giant-cell myocarditis
— natural history and treatment. N Engl ] Med 1997;336:1860-6.

19. Bourassa MG, Gurne O, Bangdiwala SI, et al. Natural history and pat-
terns of current practice in heart failure. ] Am Coll Cardiol 1993;22:Suppl
A:14A-19A.

20. Franciosa JA, Wilen M, Ziesche S, Cohn JN. Survival in men with se-
vere chronic left ventricular failure due to either coronary heart disease or
idiopathic dilated cardiomyopathy. Am J Cardiol 1983;51:831-6.

21. Cohn JN, Archibald DG, Ziesche S, et al. Effect of vasodilator therapy
on mortality in chronic congestive heart failure: results of a Veterans Ad-
ministration Cooperative Study. N Engl J Med 1986;314:1547-52.

22. Packer M, O’Connor CM, Ghali JK, et al. Effect of amlodipine on
morbidity and mortality in severe chronic heart failure. N Engl ] Med
1996;335:1107-14.

23. Garg R, Yusuf S. Overview of randomized trials of angiotensin-con-
verting enzyme inhibitors on mortality and morbidity in patients with
heart failure. JAMA 1995;273:1450-6. [ Erratum, JAMA 1995;274:462.]
24. Adams KF Jr, Sueta CA, Gheorghiade M, et al. Gender differences in
survival in advanced heart failure: insights from the FIRST study. Circula-
tion 1999;99:1816-21.

25. Boyle CA, Decoufle P. National sources of vital status information:
extent of coverage and possible selectivity in reporting. Am J Epidemiol
1990;131:160-8.

Downloaded from www.nejm.org at JOHN H STROGER HOSP COOK CNTY on September 18, 2006 .
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



