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Abstract

Background: Recent guidelines have acknowledged that thrombolysis decreases
mortality from acute myocardial infarction (AMI) independently of age. The pur-
pose of this study was to determine the age-related rates of thrombolytic admin-
istration and in-hospital mortality and the variables related to the use of throm-
bolytic therapy for patients with AMI.

Methods: A prospective cohort analysis involved a registry of 44 acute care Que-
bec hospitals that enrolled 3741 patients with AMI between January 1995 and
May 1996. The main outcomes of interest were crude and adjusted age-related
in-hospital mortality rates and rates of use of thrombolytic therapy.

Results: In-hospital mortality rates increased dramatically with age from 2.1% in
patients with AMI who were less than 55 years of age to 26.3% in those who
were 85 years of age or older. Overall, 35.8% of the patients received thrombol-
ysis. There was a pronounced inverse gradient in the use of thrombolysis with
age, ranging from 46.2% in the youngest age group (< 55 years) to 9.5% in the
oldest group (≥ 85 years). After adjustment for potential confounders, the older
patients remained significantly less likely to receive thrombolytic therapy.
Compared with patients who were less than 55 years of age, the odds ratio of 
receiving thrombolytic therapy was 0.68 (95% confidence interval [CI]
0.52–0.89) for patients aged 65–74 years, 0.48 (95% CI 0.35–0.65) for patients
aged 75–84 years and 0.13 (95% CI 0.06–0.26) for patients aged 85 years or
more. Other variables related to thrombolytic therapy were diabetes (odds ratio
[OR] 0.77, 95% CI 0.59–1.00), cerebrovascular disease (OR 0.46, 95% CI
0.30–0.72), angina (OR 0.73, 95% CI 0.56–0.95), typical chest pain (OR 2.56,
95% CI 1.88–3.47), ST elevation (OR 8.93, 95% CI 7.24–11.00), Q wave MI
(OR 5.26, 95% CI 4.20–6.60) and increased length of time between onset of
symptoms and arrival at hospital.

Interpretation: Age is an important independent predictor of in-hospital mortality
and lower thrombolytic use following AMI. Other studies are required to further
evaluate the appropriateness of thrombolytic therapy for elderly patients.

Despite a significant reduction in the overall age-adjusted mortality rates due
to cardiovascular disease in the last 25 years, acute myocardial infarction
(AMI) continues to be a leading cause of mortality, especially in elderly pa-

tients.1,2 The in-hospital case-fatality rate among elderly patients has been reported
to be up to 9 times higher than that for patients aged less than 65 years.3

Several large randomized trials have confirmed the efficiency of thrombolytic
therapy in reducing short- and long-term mortality from AMI.4–7 The ISIS-2 trial
first demonstrated this benefit for those over the age of 70 years.4 However, an
overview of mortality at 5 weeks in the 9 largest trials by the Fibrinolytic Therapy
Trialists’ Collaborative Group did not confirm a survival advantage for thromboly-
sis in patients over the age of 75 years.8 In this overview, the small sample of elderly
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patients may have limited its power to detect any meaning-
ful differences. Faced with these limited data, it is, there-
fore, not surprising that clinicians and even practice guide-
lines are not uniform in their recommendations concerning
thrombolytic therapy for elderly patients.9–12 Earlier studies
have shown a marked difference among age groups in the
likelihood of their receiving thrombolytic therapy but have
not adequately considered potential confounders.13–16 There
appear to be few Canadian data concerning this question.

The purpose of this study was, first, to examine the re-
cent age-related in-hospital AMI mortality rate and its de-
terminants in a large cohort of consecutive patients and,
second, to examine age-related differences in the use of
thrombolytic therapy for patients with AMI and the vari-
ables responsible for these variations.

Methods

Forty-four (52%) of the 85 Quebec acute care hospitals agreed
to participate in this prospective registry. The participating hospi-
tals represented the general distribution of the province’s hospi-
tals in that they included urban, rural, tertiary and community in-
stitutions. Other characteristics of the registry have been
described elsewhere.17 The population studied consisted of 8917
consecutive patients admitted to the emergency department of
each participating hospital with a suspected acute coronary syn-
drome. The data were prospectively collected from January 1995
to May 1996. Local approval was obtained to collect these anony-
mous data in compliance with local ethics guidelines.

When a patient was admitted to the emergency department,
data were collected by the attending physician on a 1-page ques-
tionnaire that included questions about age, sex, medical history,
risk factors and comorbidities, duration of time between the onset
of acute coronary symptoms and arrival at the emergency depart-
ment, electrocardiographic data and symptoms on arrival. Infor-
mation concerning the administration of thrombolytic therapy, fi-
nal diagnosis and in-hospital mortality was ascertained at hospital
discharge through a systematic chart review by trained and desig-
nated nurse coordinators at each centre.

Patients with missing demographic data (age or sex, or both)
were excluded from the analysis. Other missing data (5%–8% for
all variables, except for time from onset of symptoms to arrival at
the emergency department [33.3%]) were not excluded from the
logistic regression analyses: instead, for every variable that had
missing values, “missing” was considered to be another response
category. Thus, we assessed the potential confounding influence
of missing values on the estimated effects of the other variables.18

The simultaneous effect of several potentially confounding
variables that might influence the use of thrombolytic agents was
adjusted for by means of multivariate logistic regression analysis.
Age was divided into 5 groups: younger than 55 years of age,
55–64 years, 65–74 years, 75–84 years and 85 years or older. The
independent variables controlled for in the regression analyses
were age group, sex, diabetes, hypertension, history of cerebrovas-
cular disease, coronary artery disease and relevant interventions
(angina, AMI, percutaneous transluminal coronary angioplasty
and coronary artery bypass grafting), symptoms on admission
(typical versus atypical chest pain, cardiogenic shock), electrocar-
diographic data (anterior versus inferior or posterior, ST elevation
of 1 mm or more, left bundle branch block), time between onset

of symptoms and arrival at hospital (< 3 hours, 3 to < 6 hours, 6 to
< 9 hours, 9 to < 12 hours and ≥ 12 hours), type of AMI (Q wave
versus non-Q wave) and tertiary (with on-site catheterization lab-
oratory) versus non–tertiary care hospital. The χ2 test was used to
compare discrete variables.

As a first step, we determined the univariate relationship be-
tween candidate variables and the use of thrombolytic therapy. All
variables associated with thrombolytic therapy in which the p
value was less than 0.20 were included in the initial multivariate
model. Clinically relevant variables with a p value greater than
0.20 were also included.19 A nonautomated backward selection
among the candidate variables was performed and those with a p
value that was less than 0.10 were retained. Variables associated
with in-hospital mortality were also determined by multiple logis-
tic regression using the same methodology. Smoking status (cur-
rent versus not current smoker), peripheral vascular disease and
the type of treatment (thrombolytic versus no thrombolytic ther-
apy) were added to the candidates’ variables for the in-hospital
mortality analyses. The results are expressed as odds ratios with
95% confidence intervals unless otherwise specified.

Results

Sample description

During the study period, data were collected from 8917
patients admitted with suspected acute coronary syn-
dromes. A final diagnosis of AMI was made in 3741 pa-
tients. Patients treated with primary coronary angioplasty
(47 patients, 1.3%) and those with missing data on sex or
age (82 patients, 2.2%) were excluded from the analysis,
leaving a sample of 3612 patients.

Patient characteristics according to age group are pre-
sented in Table 1. The age distribution was as follows: pa-
tients aged less than 55 years, 26.5%; 55–64 years, 23.1%;
65–74 years, 27.7%; 75–84 years, 18.9%; 85 years or more,
3.8%. Older patients were less likely to be male and smok-
ers and were more likely to have had a diagnosis of hyper-
tension or coronary artery disease before their admission to
hospital. The highest incidence of diabetes (25.3%) was ob-
served in the group aged 65–74 years. The incidence of
cerebrovascular disease (12.6%) and peripheral vascular
disease (16.5%) reached a maximum in the group aged
75–84 years. Older patients were less likely to present with
typical chest pain and were more likely to be in cardiogenic
shock on admission. Only 21.2% of patients aged 85 years
or more presented at the emergency department less than 3
hours after the onset of symptoms compared with 50.2% of
patients less than 55 years of age. Furthermore, the time
between the onset of symptoms and arrival at the emer-
gency department was not reported in 52.6% of patients
aged 85 years or more compared with 27.5% of patients
less than 55 years of age. The initial electrocardiograms of
the oldest patients were less likely to be normal (1.7% v.
10.0%), to present ST elevation (31.4% v. 50.1%) or a Q
wave (49.6% v. 60.2%) and were more likely to present left
bundle branch block (8.0% v. 0.6%) compared with those
of the youngest group.
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In-hospital mortality

The in-hospital mortality rate increased dramatically
with age, from 2.1% in patients less than 55 years of age to
26.3% for patients aged 85 years or more (Table 1). In a
multivariate analysis, age remained a strong predictor of in-
hospital mortality. Compared with patients aged less than
than 55 years, the adjusted odds ratio for in-hospital mor-
tality was 6.68 (95% CI 4.01–11.12) for patients aged
75–84 years and 11.37 (95% CI 6.14–22.06) for patients
aged 85 years or more (Table 2). Other variables associated
with an increased in-hospital mortality rate were being fe-
male, hypertension, peripheral vascular disease, pre-
existing angina, left bundle branch block, anterior MI and a
Q wave MI. Patients presenting with typical chest pain and

those initially admitted to a tertiary center had a lower in-
hospital mortality rate.

In a univariate analysis, the use of thrombolytic therapy
showed a reduction in the mortality rate (crude odds ratio
0.70, 95% CI 0.54–0.92) that did not persist in the multi-
variate analysis.

Thrombolytic therapy according to age group

Overall, 1293 (35.8%) patients received a thrombolytic
agent (Table 1). There was a marked decrease in the use of
thrombolytic agents with increasing age: they were admin-
istered to 46.2% of patients aged less than 55 years, 42.6%
aged 55–64 years, 32.6% aged 65–74 years, 22.8% aged
75–84 years and 9.5% aged 85 years or more (p < 0.001).

After adjustment for other poten-
tially confounding variables, older
patient groups were found to be sig-
nificantly less likely to receive
thrombolytic therapy (Table 3).
Compared with patients less than 
55 years of age, the adjusted odds
ratio of receiving thrombolytic 
therapy decreased to 0.68 (95% CI
0.52–0.89) for patients aged 65–74
years, to 0.48 (95% CI 0.35–0.65)
for patients aged 75–84 years and to
0.13 (95% CI 0.06–0.26) for patients
aged 85 years or more. There was no
statistically significant difference in
the use of thrombolytic therapy 
between patients aged less than 
55 years and those aged 55–64 years.
Diabetes, cerebrovascular disease,
pre-existing angina and increased or
unknown time between onset of
symptoms and arrival at hospital
were the other variables associated
with a lower rate of use of throm-
bolytic therapy. Typical chest pain,
ST elevation and Q wave MI were
the variables associated with in-
creased use of thrombolytic therapy.

In order to identify patients who
were ideal candidates for throm-
bolytic therapy, we selected the sub-
group of 1143 patients who had ST
elevation, no history of cerebrovas-
cular disease or absolute contraindi-
cation to thrombolytic therapy and
had a time of less than 12 hours be-
tween onset of symptoms and arrival
at hospital. According to these crite-
ria, 39.5% of patients aged less than
55 years were ideal candidates for
thrombolytic therapy; this percent-

Age-related use of thrombolytic therapy

CMAJ • MAY 1, 2001; 164 (9) 1287

Table 1: Characteristics of the study group

Patients, %

Characteristic All ages
n = 3612

< 55 yr
n = 957

55–64 yr
n = 835

65–74 yr
n = 1000

75–84 yr
n = 683

≥ 85 yr
n = 137

Risk factors and comorbid
conditions

Sex, male 69.6 84.3 77.4 65.8 51.7 37.2

Smoking 38.3 64.6 45.2 28.0 14.6 5.8

Diabetes 19.3 10.9 17.3 25.3 24.6 19.7

Hypertension 35.1 16.6 30.9 42.8 50.8 54.0

Cerebrovascular disease 6.5 2.1 4.3 8.1 12.6 7.3

Peripheral vascular disease 11.6 4.9 9.7 16.2 16.5 11.7

Coronary artery disease 41.0 23.8 36.8 48.8 55.2 57.7

  Myocardial infarction 27.6 17.1 25.3 32.1 36.3 39.4

  Angina 23.6 11.5 20.5 27.9 35.6 35.8

  Previous angioplasty 3.8 4.6 3.4 4.1 3.5 0.7

  Previous cardiac surgery 8.3 5.3 8.6 12.0 8.2 0.7
Symptoms on admission

Typical chest pain 80.0 87.0 83.1 78.4 72.3 62.0

Cardiogenic shock 2.9 0.6 1.9 2.5 6.0 11.0
Time from onset of symptoms
to arrival at ED

<  3 h 41.2 50.2 46.1 38.5 30.8 21.2

> 12 h 7.3 6.6 7. 0 7.7 8.9 4.4

Unknown 33.3 27.5 27.9 35.1 41.3 52.6
ECG on admission

Normal 7.4 10.0 8.6 6.6 4.0 1.7

ST elevation of > 1 mm 45.5 50.1 51.4 42.9 38.4 31.4

Left bundle branch block 3.5 0.6 2.3 4.0 7.5 8.0

Anterior location 29.1 27.7 28.1 29.6 31.0 31.4

Q wave MI 56.5 60.2 60.8 54.5 50.2 49.6
Tertiary hospital 37.7 35.2 40.7 38.4 36.7 35.0
Thrombolytic therapy given 35.8 46.2 42.6 32.6 22.8 9.5

Streptokinase 23.4 27.1 29.1 20.9 17.9 8.0

Tissue plasminogen activator 10.5 16.8 10.5 9.5 4.8 1.5
In-hospital mortality 8.0 2.1 5.0 7.5 17.0 26.3

Note: ED = emergency department, ECG = electrocardiogram, MI = myocardial infarction.



age decreased significantly to 28.8% in the group of pa-
tients aged 65–74 years, to 20.2% in those aged 75–84
years and to 16.1% in patients aged 85 years or more
(Fig. 1). Among these 1143 ideal candidates, 927 (81.1%)
received thrombolytic therapy. Compared with the
youngest group of patients, the odds ratio of receiving
thrombolytic therapy was 0.68 (95% CI 0.45–1.02) for pa-
tients aged 65–74 years, 0.38 (95% CI 0.24–0.61) for those
aged 75–84 years and 0.10 (95% CI 0.04–0.24) for patients
aged 85 years or more.

When thrombolytic therapy was not administered, the
treating physician was asked to select the reason(s) from a
list (Table 4). As expected, absence of electrocardiographic
criteria (50.5%) was the most common reason, followed by
late arrival (median 12.3 hours, 25th–75th quartile 6.4–18.6
hours) at the emergency department (19.4%). In 5.6% of
cases, the patient was judged to be “too old” to receive
thrombolytic therapy (mean age 80.9 years, standard devia-
tion 7.6 years). Absolute and relative contraindications to
receiving thrombolytic therapy were the reasons in 4.4%
and 2.5% of cases respectively, and in 19.1% of cases other

reason(s) not otherwise mentioned justified not using
thrombolytic therapy.

Interpretation

Our study shows a progressive age-related increase in
in-hospital mortality after AMI in the thrombolytic era that
persists even after multivariate analysis. Age was the most
important independent predictor of in-hospital mortality,
and the other predictors were consistent with the results of
previous studies.2,3,14–16

Some of these predictors do deserve further comment.
First, the adjusted lower in-hospital mortality rate in the
tertiary care hospitals, despite the exclusion of patients
treated with primary angioplasty, is intriguing. However,
given the nonrandomized nature of the study and the nu-
merous variables examined, this may not represent a true as-
sociation and needs to be confirmed through future studies.
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Table 2: Crude and adjusted odds ratios for in-hospital
mortality

Characteristic Crude OR (95% CI) Adjusted OR (95% CI)*

Age, yr

 < 55 1.0 1.0

55–64 2.48   (1.44–4.26) 2.19   (1.27–3.79)

65–74 3.80   (2.30–6.27) 2.83   (1.68–4.74)

75–84 9.58 (5.90–15.58) 6.68 (4.01–11.12)

≥ 85 16.70 (9.31–29.94) 11.37 (6.14–22.06)

Risk factors and
comorbid conditions

Sex, female 2.18   (1.71–2.79) 1.36   (1.04–1.79)

Hypertension 2.01   (1.58–2.56) 1.40   (1.06–1.86)

Peripheral vascular
disease 2.11   (1.55–2.89) 1.82   (1.30–2.55)

Angina 1.97   (1.52–2.53) 1.56   (1.18–2.07)
Symptoms on
admission

Typical chest pain 0.53   (0.41–0.69) 0.64   (0.48–0.85)
ECG on admission

Left bundle branch
block 2.38   (1.46–3.86) 1.72   (1.02–2.90)

Anterior location 1.48   (1.15–1.90) 1.42   (1.09–1.86)

Q wave MI 1.58   (1.23–2.04) 2.35   (1.78–3.10)
Tertiary hospital 0.73   (0.56–0.95) 0.66   (0.50–0.87)

Note: OR = odds ratio, CI = confidence interval.xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
*Adjusted for age group, sex, diabetes, hypertension, history of cerebrovascular disease,
angina, AMI, percutaneous transluminal coronary angioplasty and coronary artery bypass
grafting, symptoms on admission (typical v. atypical chest pain, cardiogenic shock),
electrocardiographic data (anterior v. inferior/posterior, ST elevation of ≥ 1 mm, left bundle
branch block), time between onset of symptoms and arrival at hospital (< 3 h, 3 to < 6 h,
6 to < 9 h, 9 to < 12 h and > 12 h), type of AMI (Q wave v. non-Q wave), tertiary (on-site
catheterization laboratory) versus non–tertiary care hospital, smoking status (current v. not
current smoker), peripheral vascular disease and type of treatment (thrombolytic therapy v.
no thrombolytic therapy).

Table 3: Crude and adjusted odds ratios for receiving
thrombolytic therapy

Characteristic Crude OR (95% CI) Adjusted OR (95% CI)*

Age, yr

< 55 1.0 1.0

55–64 0.87 (0.72–1.04) 0.82 (0.63–1.08)

65–74 0.56 (0.47–0.68) 0.68 (0.52–0.89)

75–84 0.34 (0.28–0.43) 0.48 (0.35–0.65)

≥ 85 0.12 (0.07–0.22) 0.13 (0.06–0.26)

Comorbid
conditions

Diabetes 0.56 (0.47–0.67) 0.77 (0.59–1.00)

Cerebrovascular
disease

0.43 (0.31–0.60) 0.46 (0.30–0.72)

Angina 0.41 (0.34–0.49) 0.73 (0.56–0.95)
Symptoms on
admission

Typical chest pain 4.80 (3.82–6.04) 2.56 (1.88–3.47)
ECG on admission

ST  elevation
≥ 1 mm 16.11 (13.51–19.20) 8.93 (7.24–11.0)

Q wave MI 8.84  (7.41–10.54) 5.26 (4.20–6.60)
Time to arrival at
hospital, h†
0 to ≤ 3 1.0 1.0

3 to ≤ 6 0.54 (0.43–0.67) 0.60 (0.45–0.80)

6 to ≤ 9 0.38 (0.27–0.53) 0.37 (0.24–0.58)

9 to ≤ 12 0.17 (0.10–0.28) 0.16 (0.08–0.29)

> 12 0.10 (0.07–0.14) 0.08 (0.05–0.12)

Unknown 0.07 (0.06–0.09) 0.11 (0.08–0.14)

*Adjusted for age group, sex, diabetes, hypertension, history of cerebrovascular disease,
angina, AMI, percutaneous transluminal coronary angioplasty and coronary artery bypass
grafting, symptoms on admission (typical v. atypical chest pain, cardiogenic shock),
electrocardiographic data (anterior v. inferior/posterior, ST elevation of ≥ 1 mm, left bundle
branch block), time between onset of symptoms and arrival at hospital (< 3 h, 3 to < 6 h,
6 to < 9 h, 9 to < 12 h and > 12 h), type of AMI (Q wave v. non-Q wave) and tertiary (on-
site catheterization laboratory) versus non–tertiary care hospital.xxxxxxxxxxxxxxxxxxxxxxxx
†From onset of symptoms.



The lack of association between thrombolytic therapy
and improved survival, which contrasted with the findings
of randomized thrombolytic trials, was most interest-
ing.2,4–6,20–22 Our study was an observational registry study
and, despite adjustment for potential confounders, it is
highly likely that a selection bias (indication bias) is at play,
or that the lack of association could be a result of chance.
Nevertheless, it should be noted that another recent obser-
vational study found not only a lack of benefit as we did,
but also a higher 30-day mortality rate among elderly pa-
tients receiving thrombolysis (15.4% v. 18.0%, p = 0.003).23

The proportion of patients with AMI eligible for throm-
bolytic therapy in previous studies has ranged from less
than 10% to nearly 50%.24 Our study showed that the over-
all use of thrombolytic therapy was 35.8%. Among those
deemed ideal candidates for treatment, 81.1% received
thrombolytic therapy (Fig. 1). Differences in health care
and socioeconomic factors in the use of invasive cardiac
procedures in Canada compared with the United States
may influence the approach to AMI.25,26 For example, pri-

mary angioplasty, which is an alternative to thrombolysis,
was used infrequently (1.3%) in our Canadian study and
may contribute to our greater use of thrombolytic therapy.

We also observed a progressive age-related reduction in
the use of thrombolytic therapy despite adjustment for po-
tential eligibility. Physicians may have been influenced by
other pathophysiological factors and comorbidities, which
were not assessed in our study, that they might have sus-
pected would negatively alter the delicate risk–benefit ra-
tio of thrombolytic therapy for elderly patients. The deci-
sion to administer thrombolytic therapy to elderly patients
is especially difficult because both benefits and risks are age
dependent27 and are perhaps complicated by marginally
conflicting Canadian and US guidelines.10,12

Other major variables associated with a reduction in the
administration of thrombolytic therapy independent of age
included late presentation for medical therapy, atypical
chest pain, a nondiagnostic electrocardiogram, diabetes,
cerebrovascular disease, pre-existing angina and non-Q
wave myocardial infarction. These findings are generally
concordant with practice guidelines, with the exception of
those for diabetes and pre-existing angina.10,12 Patients with
diabetes and ischemic heart disease are at exceedingly high
risk of a poor outcome and, consequently, should have a
large absolute gain from thrombolysis, but unfortunately in
our cohort these patients had a reduced probability of re-
ceiving such therapy.

An advantage of our study is that it considered a cohort
of prospective and consecutive patients who were admitted
for AMI to 44 acute care hospitals that covered the spec-
trum of urban, rural, tertiary and community institutions.
Consequently, the results are probably representative of
current Canadian practice patterns. Furthermore, more de-
tailed and validated information on clinical variables was
available than with a databank analysis.

The main limitation of our study is that some potentially
important variables in the process of deciding whether to
administer thrombolytic therapy to elderly patients were
not collected. For instance, poor functional autonomy, low
quality of life prior to hospital admission, risk of cerebral
hemorrhage and major cognitive impairment were not mea-
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Fig. 1: Patients who were ideal candidates for thrombolytic
therapy (ST elevation, no history of cerebrovascular disease
and no contraindication to thrombolytic therapy, and time be-
tween onset of symptoms and arrival at hospital was less than
12 hours) (top). Patients among those ideal candidates who
received thrombolytic therapy (bottom).
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Table 4: Reasons* for not prescribing throm-
bolytic therapy mentioned by attending
physicians

Reason No. (and %) of patients
n = 2319

Absence of ECG criteria 1171 (50.5)

Late arrival at the ED 449 (19.4)

Nondiagnostic ECG 245 (10.6)

Patient "too old" 131   (5.6)

Absolute contraindication 101   (4.4)

Relative contraindication 58   (2.5)

Reasons not mentioned 444 (19.1)

*Reasons are not mutually exclusive.



sured. In a substantial number of patients not receiving
thrombolysis (19.1%), the reasons were not specified (Table
4) and may reflect the presence of residual confounders.

Our study has demonstrated the crucial role of age in
determining in-hospital mortality and the selection of
thrombolytic therapy. We have established the decreasing
probability that elderly patients will receive thrombolysis,
but whether this represents an appropriate clinical judge-
ment or an inappropriate care gap is an important question
that deserves to be clarified in future studies.
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