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ABSTRACT

Background Cardiovascular disease is common
in patients on long-term dialysis, and it accounts for
44 percent of overall mortality in this group. We un-
dertook a study to assess long-term survival after
acute myocardial infarction among patients in the
United States who were receiving long-term dialysis.

Methods Patients on dialysis who were hospitalized
during the period from 1977 to 1995 for a first myo-
cardial infarction after the initiation of renal-replace-
ment therapy were retrospectively identified from
the U.S. Renal Data System data base. Overall mor-
tality and mortality from cardiac causes (including
all in-hospital deaths) were estimated by the life-
table method. The effect of independent predictors
on survival was examined in a Cox regression model
with adjustment for existing illnesses.

Results The overall mortality (+SE) after acute my-
ocardial infarction among 34,189 patients on long-
term dialysis was 59.3+0.3 percent at one year,
73.0+£0.3 percent at two years, and 89.9+0.2 percent
at five years. The mortality from cardiac causes was
40.8+0.3 percent at one year, 51.8+0.3 percent at
two years, and 70.2+0.4 percent at five years. Pa-
tients who were older or had diabetes had higher
mortality than patients without these characteristics.
Adverse outcomes occurred even in patients who
had acute myocardial infarction in 1990 through 1995.
Also, the mortality rate after myocardial infarction
was considerably higher for patients on long-term di-
alysis than for renal-transplant recipients.

Conclusions Patients on dialysis who have acute
myocardial infarction have high mortality from car-
diac causes and poor long-term survival. (N Engl J
Med 1998;339:799-805.)
©1998, Massachusetts Medical Society.

ARDIAC disease is the single most impor-

tant cause of death among patients receiv-

ing long-term dialysis therapy, accounting

for 44 percent of overall mortality.! Ap-
proximately 22 percent of these deaths from cardiac
causes are attributed to acute myocardial infarction.
For the period from 1993 through 1995, the adjusted
overall death rate for patients on dialysis was 243
deaths per 1000 patient-years.! The risks of death
from cardiac causes and of death from all causes are
higher among older patients, those with diabetic ne-
phropathy, and those receiving peritoneal dialysis.!
Thus, there is an increasing burden of cardiac disease
in patients on long-term dialysis, since the greatest in-
crease in end-stage renal disease treated with dialysis
has occurred in older patients and those with diabetic
renal failure. The mortality rate from 1993 through

1995 for patients 65 years of age or more with dia-
betic end-stage renal disease was 368 deaths per 1000
patient-years, with cardiac disease accounting for 46
percent of overall mortality.2 In 1995 approximately
200,000 patients received dialysis in the United States;
18 percent of them received peritoneal dialysis, and
82 percent received hemodialysis.?

Despite the burden of cardiac disease among pa-
tients on dialysis, there are no published data on
their long-term survival after acute myocardial in-
farction. The purpose of our study was to estimate
the long-term survival of patients in the U.S. who
were receiving dialysis and who had acute myocar-
dial infarction. Using the U.S. Renal Data System
data base* of 627,983 patients (approximately three
fourths of whom were on dialysis and one fourth of
whom were renal-transplant recipients), we examined
the outcome after a first acute myocardial infarction
for 34,189 patients on long-term dialysis.

METHODS

All data were derived from the U.S. Renal Data System, which
includes data on approximately 92 percent of all patients under-
going dialysis in the United States.® The accuracy of these data
has been validated previously.¢

The study was a retrospective analysis of patients undergoing
dialysis who were hospitalized for a first (index) acute myocardial
infarction that occurred after the initiation of renal-replacement
therapy from January 1977 to June 1995. The patients identified
from the data base of 627,983 patients were those who had code
410, 410.X, 410.X0, or 410.X1 of the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).”
Eligible patients had received renal-replacement therapy for a to-
tal of at least 90 days and dialysis for at least 60 days before having
an acute myocardial infarction. Demographic data on the patients
included age, sex, race or ethnic group (Hispanic patients were
not identified in the data base), calendar year of infarction, and
primary renal diagnosis.

The effect of coexisting conditions was examined, since comor-
bidity significantly influences the survival of patients on dialy-
sis.310 We used a previously developed comorbidity-profiling meth-
od based on ICD-9-CM diagnosis and procedure codes in
Medicare Part A institutional inpatient claims. Coexisting condi-
tions were identified by ICD-9-CM codes from hospitalizations
that occurred before the index acute myocardial infarction. Co-
existing conditions included congestive heart failure, other cardi-
ac conditions (including valvular heart disease, implantation of a
pacemaker, and arrhythmia), cancers other than skin cancer,
peripheral vascular disease, cerebrovascular ischemia (which in-
cluded cerebrovascular accident and transient ischemic attack),
chronic obstructive pulmonary disease, gastrointestinal disease,
gallbladder disease, and liver disease. Previous coronary revascu-
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larization (coronary bypass surgery or coronary angioplasty) was
analyzed separately in the Cox proportional-hazards model.

In-hospital mortality and the number of deaths per 1000 pa-
tient-years were estimated. Survival time was calculated from the
date of admission to the hospital for acute myocardial infarction
to the date on which the data were censored or on which an end
point (including in-hospital death) was reached. If a patient on di-
alysis had more than one infarction, the first was analyzed as the
index event. The study end points were death from cardiac causes
and death from any cause (including early in-hospital death). The
data were censored if a patient underwent renal transplantation,
was still alive at the end of the study, or was lost to follow-up.

Long-term survival and mortality were estimated by the life-
table method.! The log-rank test was used to compare cumula-
tive survival in different groups. A Cox proportional-hazards
model was used to evaluate the effect of independent predictors
(demographic characteristics, coexisting illnesses, and duration of
end-stage renal disease before acute myocardial infarction) on pa-
tients’ survival.!2 The reported P values in the Cox model are
based on the Wald test. All reported P values are two-sided. Sta-
tistical analyses were performed with use of the SAS system for
Windows, version 6.12 (SAS Institute, Cary, N.C.).

A parallel survival analysis of renal-transplant recipients with
acute myocardial infarction was performed by the life-table meth-
od. The survival of patients on dialysis was compared with that
of transplant recipients in a Cox model.

The Human Subject Research Committee of the Hennepin
County Medical Center institutional review board approved this
study.

RESULTS

There were 34,189 patients on dialysis who had
acute myocardial infarction. The mean follow-up af-
ter myocardial infarction was 1.16 years (interquar-
tile range [25th to 75th percentile], 0.05 to 1.59).
There were 858 patients lost to follow-up.

Demographic Characteristics

Fifty-six percent of the group were men, and 44
percent were women. Eight percent were 44 years of
age or less, 37 percent were 45 to 64 years old, 35 per-
cent were 65 to 74 years old, and 20 percent were
75 or more years old. Seventy-one percent were white,
25 percent black, 1 percent Native American, 2 per-
cent Asian, and 1 percent of other ethnic groups. The
cause of renal failure was diabetes in 34 percent, hy-

pertension in 30 percent, and other conditions in 36
percent. Ten percent of acute myocardial infarctions
occurred from 1977 through 1984, 30 percent from
1985 through 1989, and 60 percent from 1990
through 1995.

There were 3079 renal-transplant recipients with
acute myocardial infarction. For these patients, the
mean follow-up after myocardial infarction was 2.46
years. Seventy-two percent of the patients were men,
and 28 percent were women. Thirty-four percent were
44 years of age or less, 55 percent were 45 to 64 years
old, 10 percent were 65 to 74 years old, and 1 percent
were 75 or more years old. Eighty-four percent were
white, 14 percent were black, and 2 percent were of
other races or ethnic groups. The cause of renal fail-
ure was diabetes in 31 percent, hypertension in 14
percent, and other conditions in 55 percent. Six per-
cent of acute myocardial infarctions occurred from
1977 through 1984, 30 percent from 1985 through
1989, and 64 percent from 1990 through 1995.

We examined the temporal pattern of occurrence
of acute myocardial infarction in relation to the du-
ration of dialysis. There appeared to be an early haz-
ard of myocardial infarction related to the initiation
of dialysis, since 29 percent of infarctions occurred
within one year and 52 percent within two years after
the initiation of dialysis. In renal-transplant recipients,
15 percent of infarctions occurred within one year
after transplantation and 29 percent within two years.

Mortality

Patients Undergoing Dialysis

The estimated in-hospital mortality for the entire
cohort of patients on dialysis who had acute myocar-
dial infarction was 26 percent. Twenty-one percent
of patients under 65 years of age and 30 percent of
those 65 or more years of age died in the hospital.
Twenty-seven percent of all patients with diabetic
end-stage renal disease and 30 percent of those 65
or more years of age died in the hospital.

Table 1 summarizes the rates of death from all caus-

TABLE 1. OVERALL RATE OF DEATH AND RATE OF DEATH FROM CARDIAC CAUSES
AFTER ACUTE MYOCARDIAL INFARCTION AMONG PATIENTS ON DIALYSIS,
ACCORDING TO AGE AND CAUSE OF RENAL FAILURE, 1977 THROUGH 1995.*

AGe

ALL
CAUSES

Overall mortality

<65 yr 518.3+4.8
=65 yr 924.8+7.3
Mortality from cardiac causes

<65 yr 296.9+3.6
=65 yr 532.1%5.5

CAusEe oF RENAL FAILURE

DIABETES
MELLITUS

OTHER

HYPERTENSION CAUSES

deaths/1000 patient-yr

718.5+£10.1 471.2+9.8 404.9+6.2
1091.1x£16.5 914.4*11.9 836.9x11.1
421.4=7.7 269.9+7.4 225.4+4.6
626.5£12.5 539.0£9.1 470.0£8.3

*Rates are expressed as the numbers of deaths per 1000 patient-years =SE.
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Figure 1. Estimated Cumulative Mortality after Acute Myocardial
Infarction among Patients on Dialysis.

The bars indicate standard errors.

es and from cardiac causes according to age and cause
of renal failure. An age of 65 years or more was a
powerful predictor of death after acute myocardial
infarction. Patients in this age group who had diabetic
end-stage renal disease had an average life expectancy
of less than one year after myocardial infarction.

The curves for death from cardiac causes and
death from all causes are shown in Figure 1. Most
patients on dialysis who had acute myocardial infarc-
tions ultimately died of heart disease.

Table 2 summarizes estimated long-term mortality

from all causes and from heart disease according to
renal diagnosis and the year of occurrence of acute
myocardial infarction. Patients on dialysis who had
diabetic end-stage renal disease had the highest mor-
tality both overall and from cardiac causes. Surpris-
ingly, the patients who had had acute myocardial in-
farctions most recently (between 1990 and 1995)
had a higher overall rate of death from all causes
than those who had had myocardial infarctions be-
tween 1977 and 1984 or between 1985 and 1989
(P<<0.001). The trends were similar for death from
cardiac causes.

The effects of independent predictors of overall
mortality and mortality from cardiac causes were ex-
amined by the Cox proportional-hazards model. Ta-
ble 3 summarizes independent predictors of overall
mortality. The most powerful predictors of overall
mortality were older age and the presence of diabetic
end-stage renal disease. Coexisting noncardiac condi-
tions (except gallbladder disease) independently in-
creased the risk of death by 10 to 19 percent according
to the Cox model. The duration of end-stage renal
disease, however, did not independently aftect surviv-
al. Thus, the time from the initiation of dialysis to the
index acute myocardial infarction was not an inde-
pendent predictor of survival. Previous coronary revas-
cularization was associated with a 13 percent reduc-
tion in risk. Female sex was associated with a small
survival advantage (relative risk of death, 0.96; 95
percent confidence interval, 0.94 to 0.99). Race was a
more powerful predictor of survival, since nonwhite
patients had better outcomes. As compared with
whites, black patients had a relative risk of death of
0.82 (95 percent confidence interval, 0.80 to 0.85).

TABLE 2. ESTIMATED CUMULATIVE OVERALL MORTALITY AND MORTALITY FROM CARDIAC CAUSES AFTER ACUTE MYOCARDIAL INFARCTION
AMONG PATIENTS WITH END-STAGE RENAL DISEASE, ACCORDING TO CAUSE OF RENAL FAILURE
AND YEAR OF OCCURRENCE OF ACUTE MYOCARDIAL INFARCTION.*

PATIENT GROUP OVERALL MORTALITY AFTER AMI

CARDIAC MORTALITY AFTER AMI

1 YR 2 YR 3 YR 5 YR 10 YR 1 yr 2 YR 3 YR 5 YR 10 YR
percent percent
Patients on dialysis
All patients 59.3+0.3 73.0=0.3 81.4*0.2 89.9+0.2 97.3+0.2 40.8+0.3 51.8%0.3 59.7+04 70.2+0.4 83.3%=0.7
Cause of renal failure
Diabetes 62.3+0.5 77.2+04 86.1x04 93.3+x0.3 99.1+0.2 43.5+0.5 55.8%0.6 65.1+0.7 75.2%+0.8 89.5*1.8
Hypertension 60.7+0.5 73.5*+0.5 81.3*x04 904*04 97.9%+0.3 42305 53.0£0.6 605+0.7 71.1+0.8 84.7*15
Other 55.4+0.5 68.9+04 77.5*x04 869+04 958+0.3 37.2+0.5 47.3x0.5 54.7*0.6 65.8*0.7 79.4*1.0
Year of AMI
1977-1984 55.4+0.9 70.8%0.8 79.0*£0.7 88.6%0.6 — 378209 504*1.0 58.1x1.0 69.6x1.1 —
1985-1989 56.0+0.5 71.3=04 80.7*x0.4 90.0%0.3 — 39.3+0.5 51.3%0.6 60.0+0.6 71.7+0.6 —
1990-1995 61.7+0.3 74.2%+0.3 82.0x0.3 89.1x0.4 — 42.2+04 52.0£04 59.3+0.5 65.4*0.7 —
Transplant recipients
All patients 24.1+0.8 30.4*+09 359*1.0 46.8*1.2 62.3*19 9.6+0.6 11.4*+0.6 14.0+0.8 18.6*x1.0 253*19
Renal failure caused 28.7x1.5 36.0x1.7 42.7*19 53.8%*23 66.6*3.7 12.7£1.2 149*1.3 17.8*1.5 24.8*2.2 35.6*4.7
by diabetes
AMI in 1990-1995 24.1+1.0 29.3*=1.1 339*1.3 44.4+*20 — 8.8+0.7 10.1+0.8 11.8*x0.9 13.7*1.2 —
*Rates are expressed as percentages =SE. AMI denotes acute myocardial infarction.
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TABLE 3. RESULTS OF COX PROPORTIONAL-HAZARDS MODEL
OF DEATH FROM ALL CAUSES.

TABLE 4. RESULTS OF COX PROPORTIONAL-HAZARDS MODEL
OF DEATH FROM CARDIAC CAUSES.

RELATIVE Risk

RELATIVE Risk

Risk FACTOR (95 Percent CI)* P VALUE
Age

45-64 yr 1.40 (1.33-1.47) <0.001

65-74 yr 1.78 (1.69-1.88) <0.001

=75 yr 2.09 (1.98-2.21) <0.001
Female sex 0.96 (0.94-0.99) 0.003
Race

Native American 0.87 (0.77-0.99) 0.03

Black 0.82 (0.80-0.85) <0.001

Other 0.86 (0.80-0.92) <0.001
Cause of end-stage renal disease

Diabetes 1.34 (1.30-1.39) <0.001

Hypertension 1.07 (1.04-1.10) <0.001
Coexisting illness

Congestive heart failure 1.18 (1.15-1.21) <0.001

Other cardiac conditions 1.19 (1.15-1.22) <0.001

Cancer other than skin cancer 1.12 (1.06-1.19) <0.001

Chronic obstructive pulmonary disease ~ 1.12 (1.08-1.17)  <0.001

Cerebrovascular accident or transient 1.11 (1.07-1.16) <0.001

ischemic attack

Peripheral vascular disease 1.11 (1.08-1.14) <0.001

Gastrointestinal disease 1.10 (1.07-1.15) <0.001

Gallbladder disease 1.03 (0.97-1.10) 0.33

Liver disease 1.16 (1.04-1.28) 0.006
Duration of end-stage renal disease

1to <2yr 1.00 (0.97-1.04) 0.82

2to5yr 1.02 (0.99-1.05) 0.18

>5yr 0.96 (0.93-1.00) 0.07
Prior revascularization 0.87 (0.82-0.93) <0.001
Year of acute myocardial infarction

1985-1989 0.86 (0.83-0.90) <0.001

1990-1995 0.87 (0.83-0.90) <0.001

Risk FACTOR (95 Percent CI)* P VALUE
Age
45-64 yr 1.48 (1.38-1.59) <0.001
65-74 yr 1.85 (1.72-1.98) <0.001
=75 yr 2.04 (1.89-2.20) <0.001
Female sex 0.92 (0.89-0.95) <0.001
Race
Native American 0.84 (0.71-0.99) 0.04
Black 0.81 (0.78-0.84) <0.001
Other 0.87 (0.80-0.96) <0.001
Cause of end-stage renal disease
Diabetes 1.35 (1.30-1.40) <0.001
Hypertension 1(1.06-1.15) <0.001

Coexisting illness
Congestive heart failure
Other cardiac conditions
Cancer other than skin cancer
Chronic obstructive pulmonary discase
Cerebrovascular accident or transient

ischemic attack

Peripheral vascular disease
Gastrointestinal disease
Gallbladder disease
Liver disease

Duration of end-stage renal disease

1.22 (1. <0.001
1.23 (1. <0.001
1.00 (0.93-1.09)  0.89
1.06 (1.00-1.11)  0.05
1.03(0.97-1.09)  0.28

11(1.07-1.14)  <0.001
07 (1.02-1.12)  0.009
00 (0.92-1.09)  0.98
05(093-1.23)  0.39

1to <2yr 1.02 (0.97-1.06) 0.43
2to5yr 1.02 (0.98-1.06) 0.30
>5yr 0.94 (0.89-0.99) 0.02
Prior revascularization 0.90 (0.82-0.98) 0.02

Time of acute myocardial infarction
1985-1989
1990-1995

0.87 (0.83-0.92)
0.83 (0.78-0.88)

<0.001
<0.001

*The reference group has the following characteristics: age <44 years,
male sex, white race, other cause of end-stage renal disease, no coexisting
illness or prior coronary revascularization, duration of end-stage renal dis-
case <1 year, and acute myocardial infarction between 1977 and 1984. CI
denotes confidence interval.

Table 4 summarizes independent predictors of mor-
tality from cardiac causes. Older age and the pres-
ence of diabetic end-stage renal disecase were the most
powertful predictors of mortality, and noncardiac co-
existing conditions had a small effect. Previous con-
gestive heart failure was associated with a relative
risk of death from cardiac causes of 1.22 (95 percent
confidence interval, 1.18 to 1.26). There was a re-
duced risk of death from cardiac causes after myo-
cardial infarction for women (relative risk, 0.92; 95
percent confidence interval, 0.89 to 0.95). Race was
a predictor of improved survival for all nonwhite
patient groups. As compared with whites, black pa-
tients had a relative risk of death from cardiac causes
of 0.81 (95 percent confidence interval, 0.78 to
0.84). Previous coronary revascularization was asso-
ciated with a 10 percent reduction in risk.

The somewhat counterintuitive effect on survival
of the time of occurrence of acute myocardial infarc-
tion is partly explained by the Cox model. Accord-
ing to the Cox model, patients who had more recent
myocardial infarctions (those occurring between 1985

802 September 17, 1998

*The reference group has the following characteristics: age <44 years,
male sex, white race, other cause of end-stage renal disease, no coexisting
illness or prior coronary revascularization, duration of end-stage renal dis-
case <1 year, and acute myocardial infarction between 1977 and 1984. CI
denotes confidence interval.

and 1989 or between 1990 and 1995) had better
survival than those who had myocardial infarctions
earlier (1977 to 1984). For patients with myocardial
infarctions between 1990 and 1995, the relative risk
of death from all causes was 0.87 (95 percent confi-
dence interval, 0.83 to 0.90) and that of death from
cardiac causes was 0.83 (95 percent confidence in-
terval, 0.78 to 0.88). These results indicate that
there has been a recent improvement in survival after
adjustment is made for comorbidity.

Renal-Transplant Recipients

The estimated in-hospital mortality was 11.5 per-
cent for the entire cohort of renal-transplant recipi-
ents. Table 2 includes selected mortality data for renal-
transplant recipients with acute myocardial infarction.

Dialysis versus Transplantation

Large differences in mortality between patients
on dialysis and renal-transplant recipients persisted
after adjustment for demographic characteristics,
cause of renal failure, duration of end-stage renal dis-
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ease, calendar year of occurrence of acute myocardial
infarction, and coexisting illnesses. The relative risk of
death from all causes for patients undergoing dialysis
as compared with renal-transplant recipients was 2.74
(95 percent confidence interval, 2.57 to 2.91). The
relative risk of death from cardiac causes was 4.45
(95 percent confidence interval, 4.01 to 4.94). These
results should be interpreted cautiously, because even
after adjustment, patients undergoing dialysis and
renal-transplant recipients may not be completely
comparable.

DISCUSSION

There are few data on long-term survival after
acute myocardial infarction among patients on dial-
ysis. Two preliminary reports suggested increased in-
hospital mortality (29 percent and 33 percent) for
these patients.!34 In this study we have shown that
acute myocardial infarction in patients on dialysis is
a catastrophic event associated with dismal long-
term survival. For the entire cohort of 34,189 pa-
tients on dialysis who had acute myocardial infarc-
tions from 1977 to 1995, only 41 percent of patients
survived for one year and 27 percent for two years.
Even more striking was the poor survival of patients
treated in the era of reperfusion. Patients who had
acute myocardial infarctions from 1990 to 1995 had
overall mortality rates of 61 percent at one year and
74 percent at two years. The two-year mortality
from cardiac causes was about 50 percent in patients
who had acute myocardial infarctions from 1977 to
1984 and 52 percent for those who had acute myo-
cardial infarctions from 1990 to 1995. The high
mortality from cardiac disease and even higher over-
all mortality probably reflect the effects of coexisting
conditions,®!? but it is unclear how much of the dif-
ference of approximately 20 percentage points be-
tween overall mortality and mortality from cardiac
causes at two years is attributable to coexisting con-
ditions. The persistently poor outcomes over time
mask a small improvement in survival adjusted for
comorbidity in the Cox model. There was a 13 per-
cent reduction in the risk of death from all causes
and a 17 percent reduction in the risk of death from
cardiac causes in 1990 to 1995, as compared with
1977 to 1984. This masking is explainable by the in-
crease in the proportion of older patients and pa-
tients with diabetes over time, which contributed to
increased mortality.

The survival of patients on dialysis who had acute
myocardial infarctions is considerably worse than
would be expected on the basis of other published
reports of patients without end-stage renal disease
who had acute myocardial infarctions, including pa-
tients with other coexisting conditions. The most
powerful independent predictors of overall mortality
and mortality from cardiac causes in our study were
older age and diabetic nephropathy, but even patients

with end-stage renal disease that was not due to di-
abetes or hypertension had poor outcomes, with a 31
percent two-year survival (69 percent overall mortal-
ity). In diabetic patients without end-stage renal dis-
ease who had acute myocardial infarction, a one-year
survival of 80 percent!¢ and a 19-month survival of
75 percent!” were reported in the era before reper-
fusion therapy became common.

In the Minnesota Heart Survey, the in-hospital
case fatality rate in 1985 for patients with diabetes
who had acute myocardial infarction was 18 percent
in men and 16 percent in women.!® Over the period
from 1970 to 1985, about three fourths of diabetic
men and two thirds of diabetic women who were
discharged after an acute myocardial infarction were
still alive two years later.)8 In the Worcester Heart
Attack Study, the overall in-hospital case fatality rate
after myocardial infarction was 22 percent for dia-
betic patients for the period from 1975 to 1986. Ap-
proximately three fourths of diabetic men and two
thirds of diabetic women discharged after an acute
myocardial infarction were still alive two years later.1?
In the Minnesota Heart Survey, the three-year sur-
vival rate after acute myocardial infarction ranged
from 63.5 percent to 73.1 percent for men and from
60.6 percent to 66.9 percent for women from 1970
to 1985,20 with an additional reduction in mortality
in 1990.2! In the present study, 60 percent of all pa-
tients on dialysis between 1990 and 1995 had acute
myocardial infarctions. The substantial reduction in
mortality from acute myocardial infarction over time
that was observed in the Minnesota Heart Survey
has not been mirrored in the population undergoing
dialysis.

There appears to be greater mortality from cardiac
causes and greater overall mortality among patients
on dialysis who have acute myocardial infarctions
than among another cohort of patients with end-
stage renal disease, renal-transplant recipients who
have myocardial infarctions. The two-year mortality
from cardiac causes of 11.4 percent and overall mor-
tality of 30.4 percent in the renal-transplant cohort
are more favorable than the two-year mortality from
cardiac causes of 51.8 percent and overall mortality
of 73.0 percent among the patients undergoing di-
alysis. This difference in mortality is apparent at all
times from 1 to 10 years.

Our finding that mortality after acute myocardial
infarction among patients on dialysis is lower for
blacks than for whites is consistent with previously
published data on the survival of patients on dialysis.
In 1984 the one-year death rate of white patients on
dialysis was higher than that of black patients by 13
deaths per 100 patient-years.22 By 1994 this differ-
ence had narrowed to 5 deaths per 100 patient-
years.22 Bloembergen et al.2? reported that white pa-
tients had a 29 percent higher risk of death than
blacks and that whites were 34 percent more likely
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to die of myocardial infarction. In the present study,
the overall risk of death after myocardial infarction for
patients on dialysis was 18 percent lower for blacks
than for whites, and the risk of death from cardiac
disease was 19 percent lower.

We found a small advantage in terms of survival
after acute myocardial infarction associated with fe-
male sex, with a 4 percent reduction in overall mor-
tality and an 8 percent reduction in mortality due to
cardiac disease. Although female sex has usually
been associated with higher mortality from acute
myocardial infarction among patients without end-
stage renal disease, a recent study disputes earlier re-
ports of excess early mortality in women.2*

Our data suggest that there is an early risk of
acute myocardial infarction associated with the initi-
ation of dialysis, with 29 percent of infarctions oc-
curring within one year and 52 percent occurring
within two years after the initiation of dialysis. Usu-
ally patients with end-stage renal disease are evaluat-
ed for risk of cardiac events only when they are be-
ing considered for renal transplantation. We suggest
that an evaluation for cardiac risk be considered for
such patients at the initiation of dialysis.

There are several limitations to our study. The pri-
mary source of the U.S. Renal Data System data was
Medicare claims data, which may be subject to inac-
curacies in the diagnosis of acute myocardial infarc-
tion. After comparing claims data with medical-chart
(clinical) data in a study of 12,937 patients under-
going inpatient cardiac catheterization, Jollis et al.2
found an 88 percent rate of agreement between claims
data and clinical data with respect to the ICD-9-CM
code for acute myocardial infarction (410), with a
specificity of 95 percent.2®> We undoubtedly missed
some patients with acute myocardial infarction, since
Jollis et al. found that claims data had 76 percent
sensitivity as compared with clinical data for the di-
agnosis of acute myocardial infarction.2

Two aspects of our methods may have led to an
underestimation of mortality. Our survival analysis
ignored out-of-hospital deaths from acute myocar-
dial infarction and those occurring less than 60 days
after the initiation of dialysis. The issue of “missed”
or “uncounted” acute myocardial infarctions makes
accurate estimation of the incidence of acute myo-
cardial infarction difficult, but our data indicate that in
1995 there were at least 5000 first-time infarctions
after the initiation of dialysis, with 1300 in-hospital
deaths, in a population of 200,000 patients on dial-
ysis. The total number of acute myocardial infarctions
and resulting in-hospital deaths may be considerably
larger, since in our study, survival analysis was re-
stricted to the first (index) acute myocardial infarction.
On the basis of data from the U.S. Renal Data Sys-
tem, approximately 4600 deaths per year (not re-
stricted to in-hospital deaths) in 200,000 patients
on dialysis are attributed to acute myocardial infarc-
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tion.! The principal weakness of the data base is that
it provides few clinical data. Therefore, important
prognostic factors, such as the left ventricular ejection
fraction and hemodynamic data, were not available
for our study.

The present study does not explain the persistence
of poor survival rates after acute myocardial infarc-
tion over time, even in the reperfusion era. Prelimi-
nary data from an ongoing study suggest that throm-
bolytic therapy is underused in the treatment of
patients on dialysis who have acute myocardial in-
farction,?¢ but there are no published data on the
survival of patients on dialysis who receive reperfu-
sion therapy for acute myocardial infarction.

We conclude that patients on dialysis who have
acute myocardial infarction have high rates of death
from cardiac causes and poor long-term survival. Our
data provide support for the development of more
aggressive strategies for the prevention and treatment
of acute myocardial infarction in patients on dialysis.
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