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β

 

-adrenoceptor blockers and thrombolytic agents are of established value in the
pharmacological management of heart failure and ST-elevation myocardial infarction,
respectively. However, there is uncertainty as to whether these therapeutic strategies
can be safely and effectively adopted in elderly patients with comorbidities, par ticu-
larly in old-old individuals. This review focuses on these trials and the age-related
efficacy and safety of these drugs.

  

ββββ

 

-adrenoceptor blockers in heart failure

 

Based on several large clinical trials the current treat-
ment guidelines for heart failure with left ventricular
systolic dysfunction recommend the use of 

 

β

 

-adreno-

ceptor blockers as routine treatment, provided that it is
well tolerated [1–5]. Despite these recommendations, 

 

β

 

-
adrenoceptor blockers are underutilized, particularly in
elderly patients [6]. This is probably due to concern
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about safety and tolerability as well as the paucity of
published data regarding the beneficial effects of this
class of drugs in this population. Most randomized con-
trolled trials on the use of 

 

β

 

-adrenoceptor blockers in
heart failure have excluded elderly patients, in particu-
lars subjects aged 

 

>

 

80 years. A meta-analysis of 22
randomized trials of 

 

β

 

-adrenoceptor blockers in heart
failure showed that the mean age of patients studied
ranged between 48 and 67 years [7]. Data regarding
studies including patients 

 

>

 

65 years are discussed.
The CIBIS (Cardiac Insufficiency Bisoprolol Study)

trial investigated the effects of bisoprolol 

 

vs.

 

 placebo, in
addition to background diuretic and vasodilator therapy,
in patients with New York Heart Association (NYHA)
class III-IV heart failure (Figure 1 and Table 1) [8].
Bisoprolol did not affect mortality rates but reduced
hospitalization for cardiac decompensation (absolute
risk reduction (ARR) 9.0%, 

 

P

 

 

 

<

 

 0.01) and improved
NYHA class (

 

P 

 

=

 

 0.04). The lack of a significant effect
of bisoprolol on mortality in this trial is likely to be
secondary to the relatively small sample size and inad-
equate power as the ARR was 4.5%. There was no
significant difference in withdrawal rates between biso-
prolol and placebo (26% 

 

vs.

 

 23%). Subgroup analysis
in patients 

 

>

 

65 years is not available.
The CIBIS-II study, conducted on a larger study pop-

ulation, was stopped prematurely because bisoprolol
showed a significant mortality benefit (Figure 1 and
Table 1) [1]. Adverse events occurring more frequently
with bisoprolol than placebo included dizziness (13.3

 

vs.

 

 9.5%), bradycardia (15.2% 

 

vs.

 

 4.5%), hypotension
(11.4% 

 

vs.

 

 7.3%) and fatigue (9.3% 

 

vs.

 

 7.1%) [9].
The US Carvedilol Heart Failure Study Group inves-

tigated the effects of carvedilol 

 

vs.

 

 placebo in NYHA
class II-IV heart failure patients already receiving
diuretics and ACE inhibitors (Figure 1 and Table 1)
[10]. All-cause mortality was significantly reduced with
carvedilol. Treatment discontinuation occurred in 7.8%
of patients receiving placebo and 5.7% of patients
receiving carvedilol.

The MERIT-HF (Metoprolol CR/XL Randomized
Intervention Trial in Congestive Heart Failure) study
was a double-blind trial on patients with chronic heart
failure, stabilized with standard therapy, receiving meto-
prolol CR/XL or placebo (Figure 1 and Table 1) [3].
Patients receiving metoprolol had reduced all-cause
mortality (ARR 3.5%, 

 

P

 

 

 

=

 

 0.00009), sudden deaths
(ARR 2.6%, 

 

P

 

 

 

=

 

 0.0002), and deaths from worsening
heart failure (ARR 1.4%, 

 

P

 

 

 

=

 

 0.0023) [3]. In a recent
subanalysis of MERIT-HF study, the total mortality in
patients 

 

≥

 

65 years was reduced by 37% (ARR 4.7%,

 

P

 

 

 

=

 

 0.0008) and death from worsening heart failure by
61%  (ARR  2.9%,  

 

P

 

 

 

=

 

 0.0005)  [11].  Hospitalizations
for heart failure were reduced by 36% (ARR 9.1%,

 

P

 

 

 

=

 

 0.0006). Elderly patients with heart failure NYHA
class III-IV showed similar risk reductions [11]. Yearly
discontinuation rates were 14.1% with placebo and
12.8% with metoprolol CR/XL (

 

P 

 

=

 

 0.2) in patients

 

≤

 

65 years and 20.3% with placebo and 17.8% with
metoprolol CR/XL (

 

P 

 

=

 

 0.2) in patients 

 

≥

 

65 years. In

 

Figure 1 

 

Age distribution of trials on 

 

β

 

-adrenoceptor 

blockers in elderly patients. M, mean age; SD, 

standard deviation; Max, maximum age
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patients 

 

≥

 

65 years, adverse events occurred in 15.3% of
the placebo group and 13.6% of the metoprolol CR/XL
group [11].

In the COPERNICUS (Carvedilol Prospective Ran-
domized Cumulative Survival Study Group) study,
patients with heart failure were randomized to treatment
with carvedilol or placebo (Figure 1 and Table 1) [2]. In
the patients treated with carvedilol there was a reduction
in the risk of death [2]. The results were similar for
patients 

 

≥

 

65 years [2]. Fewer patients in the carvedilol
group required permanent discontinuation of treatment
because of adverse effects or for reasons other than
death [2].

In the BEST (Beta-Blocker Evaluation of Survival
Trial Investigators) study, patients with heart failure pre-
dominantly in NYHA class III were randomized to
bucindolol or placebo (Figure 1 and Table 1) [12]. There
was no significant difference in mortality between the
two groups although a trend in favour of bucindolol was
observed [12]. The reasons for these negative findings
might be related to the different patient populations
(bucindolol had a favourable impact in nonblack
patients) and/or pharmacological differences between
the 

 

β

 

-adrenoceptor blockers tested [12].
More recently, the results of the SENIORS (Study of

the Effects of Nebivolol Intervention on Outcomes and
Rehospitalization in Seniors with Heart Failure) study
have been published [13]. Of 2135 elderly heart failure
patients recruited, 2128 were randomized to nebivolol

 

vs.

 

 placebo (Figure 1 and Table 1). Exclusion criteria
were the following: new drug therapy for heart failure
in the 6 weeks prior to randomization, any change in
cardiovascular drug therapy in the 2 weeks prior to ran-
domization, heart failure secondary to valvular heart
disease, contraindication or previous intolerance to 

 

β

 

-
adrenoceptor blockers, current use of 

 

β

 

-adrenoceptor
blockers, significant hepatic or renal dysfunction, cere-
brovascular events within the previous 3 months, and
being on the waiting list for percutaneous coronary
intervention or cardiac surgery or other major medical
conditions that may have reduced survival during the
period of the study. The primary outcome, a composite
of all-cause mortality or cardiovascular hospital admis-
sion, occurred less frequently with nebivolol. Nebivolol
was well tolerated except for an increased incidence of
bradycardia.

 

Discussion

 

The available evidence suggests that the use of 

 

β

 

-
adrenoceptor blockers in elderly patients with heart fail-
ure is beneficial up to the age of 95 years (Figure 1).
Importantly, however, the published randomized con-

trolled trials have been conducted in patients with sys-
tolic heart failure, i.e. with left ventricular ejection
fraction 

 

<

 

35–40%. Although there is a high prevalence
of diastolic heart failure in the elderly population, no
study has specifically investigated the effects of 

 

β

 

-
adrenoceptor blockers on cardiovascular morbidity and
mortality in this setting. Also, it is unknown whether 

 

β

 

-
adrenoceptor blockers provide similar benefits in frail,
institutionalized elderly patients suffering from multiple
comorbidities.

 

β

 

-adrenoceptor blockers were generally well toler-
ated in elderly patients participating in controlled trials.
In the subanalysis of the MERIT-HF study, adverse
events such as atrio-ventricular block, depression,
bronchospasm and aggravation of chronic obstructive
pulmonary disease were remarkably similar in the meto-
prolol and placebo groups [11]. Slightly more patients
in the metoprolol group discontinued the medication
because of bradycardia, hypotension, dizziness, fatigue
and dyspnoea. However, compared with placebo, the net
difference in discontinuation for any of these reasons
was less than one patient per 100 treated during 1 year
[11].

 

Thrombolytics in acute myocardial infarction

 

Thrombolytic therapy represents a major advance in the
treatment of patients with acute myocardial infarction
[14]. A meta-analysis of the nine largest randomized
controlled trials conducted between 1982 and 1992,
involving 58 000 patients, showed that thrombolysis
reduced 35-day mortality, particularly in patients

 

<

 

75 years treated within 12 h of symptom onset [15].
Among the 5754 patients 

 

≥

 

75 years, thrombolytic ther-
apy was associated with an absolute reduction in mor-
tality of 1%, which was not significant [15]. In contrast,
the ARR in patients 

 

<

 

55 years (1.2%, 

 

P

 

 

 

= 0.0002), 55–
64 years (1.7%, P < 0.00001) and 65–74 years (2.6%,
P < 0.00001) were highly significant [15]. The major
trials on the effects of thrombolysis including patients
>65 years are discussed below.

In the GISSI-1 (Gruppo Italiano per lo Studio della
Streptokinasi nell’Infarto Miocardico) study, patients
with acute myocardial infarction were randomized to
streptokinase or placebo (Figure 2 and Table 2) [14].
Mortality at 21 days postmyocardial infarction was sig-
nificantly reduced in the group treated with streptoki-
nase [14]. Statistically significant benefit, however, was
observed only in patients ≤65 years (ARR 2.0%,
P = 0.0005), whereas there was a nonsignificant benefit
trend in patients >65–75 years (ARR 1.5%) and in
patients >75 years (ARR 4.2%) [14]. There was no sig-
nificant difference in the rate of cerebrovascular events
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between streptokinase (0.92%) and placebo (0.77%)
[16].

The AIMS (APSAC Intervention Mortality Study)
trial enrolled patients with acute myocardial infarction
randomized to anisoylated plasminogen streptokinase
activator complex (APSAC) or placebo and followed-up
for 30 days (Figure 2 and Table 2) [17]. APSAC treat-
ment was associated with a reduction in mortality (ARR
5.8%, P = 0.0016), the benefit being greater in patients
65–70 years (ARR 18.0%) than in patients <65 years
(ARR 3.3%) [17]. However, the small number of
patients in the first group (n = 176) limits data interpre-
tation. Treatment with APSAC was associated with an
increased risk of haematuria (P = 0.001) and haemopty-
sis (P = 0.07).

In the ISIS-2 (Second International Study of Infarct
Survival) trial, patients with acute myocardial infarction
were randomly allocated to treatment with streptoki-
nase, aspirin, or both, and matched placebo (Figure 2
and Table 2) [18]. Five-week mortality in the streptoki-
nase and aspirin group was reduced when compared
with the single treatment groups [18]. Sub-analysis
according to age did not show significant differences
among patient groups. In the streptokinase and aspirin
vs. placebo comparison the ARR was 2.5% in patients
<60 years, 7.0% in patients 60–69 years, and 8.0% in
patients ≥70 years [18]. There was a significant excess
of cerebral haemorrhage with streptokinase during the
first 2 days of treatment (absolute risk increase 0.1%,

P = 0.02). However, after this early period, fewer
strokes occurred in the streptokinase group (ARR 2.4%,
P < 0.05).

The ASSET (Anglo-Scandinavian Study of Early
Thrombolysis) study investigated the effects of recom-
binant tissue-type plasminogen activator (rt-PA) plus
heparin vs. placebo plus heparin in patients with myo-
cardial infarction within 5 h of symptom onset (Figure 2
and Table 2) [19]. After 1 month of follow-up, rt-PA
treatment was associated with a reduction in mortality.
ARR was 0.6% in patients ≤55 years, 1.4% in patients
56–65 years, and 5.6% in patients 66–75 years [19].
There was a slight increase in the incidence of stroke
with rt-PA (absolute risk increase, ARI, 0.1%).

In a posthoc analysis of the GUSTO-I (Global Use of
Strategies to Open Occluded Coronary Arteries) trial,
clinical outcomes at 30 days and 1-year mortality were
analysed according to different age ranges (<65, 65–74,
75–85, and >85 years) [20]. Death occurred less often
with accelerated TPA in all but the oldest patients, who
showed lower mortality with streptokinase plus subcu-
taneous unfractionated heparin [20]. The ARR was 0.7%
in patients <65 years, 2.0% in patients 65–74 years,
1.0% in patients 75–85 years, and −2.0% in patients
>85 years [20]. Similar results were obtained for 1-year
mortality [20]. It must be emphasized, however, that
patients >85 years represented only 1% of the study
population and the results might be secondary to a
chance effect [20].

Figure 2 
Age distribution of trials on thrombolytics in 

elderly patients. M, mean age; SD, standard 

deviation; Max, maximum age; ¶, M and SD not 

available

50

60

70

80

90

100

110

120

1986                 1988                    1988                1988                   1993

GISSI-1
n = 11,712

ISIS-2
n = 17,187

ASSET
n = 13,318

AIMS
n = 1,004

GUSTO-I
n = 49,946

Y
ea

rs

¶M

M

M

M

SD

Max

Max

Max

Max



A. A. Mangoni & S. H. D. Jackson 

518 61:5 Br J Clin Pharmacol

Ta
bl

e 
2

C
lin

ic
al

 t
ria

ls
 o

f 
th

ro
m

bo
ly

tic
 a

ge
nt

s 
in

cl
ud

in
g 

el
de

rly
 p

at
ie

nt
s

St
ud

y
Ag

en
ts

 a
nd

 d
ai

ly
 d

os
e

Fo
llo

w
-u

p
El

de
rly

 p
ar

tic
ip

an
ts

W
om

en
In

cl
us

io
n 

cr
ite

ria
Pr

im
ar

y 
ou

tc
om

e
m

ea
su

re
s

Re
su

lt 
of

 p
rim

ar
y 

ou
tc

om
e

AR
R

P 
va

lu
e

In
ci

de
nc

e 
in

ac
tiv

e 
gr

ou
p

In
ci

de
nc

e 
in

pl
ac

eb
o 

gr
ou

p

G
IS

SI
 [

14
]

St
re

pt
ok

in
as

e 
1.

50
0.

00
0 

U
21

 d
ay

s
65

–7
5 

ye
ar

s 
(2

4.
6%

)
19

.7
%

M
I w

ith
in

 1
2 

h 
of

Al
l-c

au
se

 m
or

ta
lit

y
10

.7
%

13
.0

%
2.

3%
vs

. p
la

ce
bo

>7
5 

ye
ar

s 
(1

0.
3%

)
sy

m
pt

om
 o

ns
et

P 
= 

0.
00

02
IS

IS
-2

 [
18

]
St

re
pt

ok
in

as
e 

1.
50

0.
00

0 
U

5 
w

ee
ks

60
–6

9 
ye

ar
s 

(3
5.

2%
)

22
.9

%
M

I w
ith

in
 2

4 
h 

of
 

Va
sc

ul
ar

 m
or

ta
lit

y
9.

2%
12

.0
%

2.
8%

vs
. a

sp
iri

n 
16

0 
m

g 
vs

. b
ot

h
≥7

0 
ye

ar
s 

(1
9.

8%
)

sy
m

pt
om

 o
ns

et
P 

< 
0.

00
00

1
AS

SE
T 

[1
9]

rt-
PA

 1
00

 m
g 

+ 
he

pa
rin

 v
s.

1 
m

on
th

>6
5 

ye
ar

s 
(3

3.
5%

)
23

.0
%

M
I w

ith
in

 5
 h

 o
f

Al
l-c

au
se

 m
or

ta
lit

y
7.

2%
9.

8%
2.

6%
pl

ac
eb

o 
+ 

he
pa

rin
sy

m
pt

om
 o

ns
et

P 
= 

0.
00

11
AI

M
S 

[1
7]

AP
SA

C
 3

0 
U

 v
s.

1 
m

on
th

≥6
0 

ye
ar

s 
(3

9.
9%

)
N

A
M

I w
ith

in
 6

 h
 o

f
Al

l-c
au

se
 m

or
ta

lit
y

6.
4%

12
.2

%
5.

8%
pl

ac
eb

o
sy

m
pt

om
 o

ns
et

P 
= 

0.
00

16
G

U
ST

O
-I 

[2
0]

St
re

pt
ok

in
as

e 
1.

50
0.

00
0 

U
1 

ye
ar

65
–7

4 
ye

ar
s 

27
.3

%
25

.0
%

M
I w

ith
in

 6
 h

 o
f

Al
l-c

au
se

 m
or

ta
lit

y 
at

6.
3%

7.
4%

1.
1%

+ 
he

pa
rin

 s
.c

 o
r

75
–8

5 
ye

ar
s 

11
.3

%
sy

m
pt

om
 o

ns
et

30
 d

ay
s 

an
d 

1 
ye

ar
(t

-P
A)

(s
tre

pt
ok

in
as

e)
P 

= 
0.

00
1

st
re

pt
ok

in
as

e 
1.

50
0.

00
0 

U
>8

5%
 y

ea
rs

 1
.0

%
+ 

he
pa

rin
 i.

v.
 o

r
ac

ce
le

ra
te

d 
TP

A
+ 

he
pa

rin
 i.

v.
 o

r
st

re
pt

ok
in

as
e 

1.
50

0.
00

0 
U

+ 
ac

ce
le

ra
te

d 
TP

A
+ 

he
pa

rin
 i.

v.

M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 N

A,
 n

ot
 a

va
ila

bl
e;

 A
RR

, a
bs

ol
ut

e 
ris

k 
re

du
ct

io
n.



Beta blockers and thrombolytics in old age

Br J Clin Pharmacol 61:5 519

Discussion
Given the strong evidence of benefit in patients 65–
74 years and the potential benefit in patients ≥75 years,
guidelines for the treatment of acute myocardial infarc-
tion have supported the use of thrombolysis for patients
≥75 years who present within 12 h of symptom onset
[21]. Contrary to this perspective, an observational study
showed that thrombolytic therapy is not beneficial and
could actually be harmful in patients ≥75 years [22].
This study assessed the 30-day mortality among patients
65–86 years. Among the > 5000 patients aged 65–
75 years, thrombolysis was associated with a 12%
reduction in 30-day mortality [22]. However, among
patients 76–86 years, thrombolytic therapy was associ-
ated with a statistically significant 38% relative increase
in 30-day mortality and a particularly marked survival
disadvantage among women [22]. The hazard ratio for
thrombolytic therapy was 1.00 at age 74.3 years and
increased by a factor of 1.056 per year (95% CI 1.030,
1.083, P < 0.001) [22]. The hazard ratio was 0.60 (95%
CI 0.44, 0.82, P < 0.001) at age 65 years and 1.36 (95%
CI 1.13, 1.64, P = 0.001) at age 80 years [22].

Another observational study has recently challenged
these findings [23]. Data collection from the Register of
Information and Knowledge About Swedish Heart
Intensive Care Admissions identified 6891 patients
≥75 years admitted with an acute ST-elevation myocar-
dial infarction [23]. Fibrinolytic therapy was associated
with a 13% adjusted relative reduction in the composite
endpoint of mortality and cerebral bleeding after 1 year
(95% CI 0.80, 0.94, P = 0.001) [23]. The results were
similar if only patients 75–85 years were analysed (rel-
ative risk 0.86, 95% CI 0.78, 0.94, P = 0.01). However,
the benefit was no longer present in patients >85 years
(relative risk 0.94, 95% CI 0.81, 1.09, P = 0.4) [23].
These figures must be interpreted with caution though
because of the retrospective nature of these two studies.
Moreover, different endpoints were analysed (i.e. 30 day
vs. 1 year mortality).

Possible mechanisms explaining the differences
between patients 65–75 years and patients >75 years
include progressive and accelerating apoptosis [24],
increased susceptibility to postreperfusion injury [25],
and reduced contractile recovery from ischaemia and
hypoxia with advancing age [26].

Ideally, new randomized trials of reperfusion thera-
pies should focus on patients >75 years with acute myo-
cardial infarction and compare thrombolytic therapy
with placebo treatment in hospitals that do not offer
primary angioplasty and thrombolytic therapy with pri-
mary angioplasty in hospitals that do offer the latter
procedure. One of these trials comparing thrombolysis

with primary angioplasty has recently been published
[27]. In this small study 130 consecutive patients aged
≥70 years were randomized to thrombolytic therapy
with tissue-type plasminogen activator or primary
angioplasty with stenting [27]. Thrombolysis was asso-
ciated with worse clinical outcomes and a higher risk of
bleeding complications [27]. These data must be inter-
preted with caution because of the small sample size.
Moreover, primary angioplasty is not available at the
hospitals where most elderly patients present with acute
myocardial infarction.

The combination of reduced-dose thrombolytic ther-
apy and platelet glycoprotein IIb/IIIa inhibition seems
to enhance microvascular perfusion [28]. This regimen
may be particularly favourable in elderly patients, in
whom the propensity for reperfusion injury may be
enhanced [28].

In summary, the available evidence supports the
effectiveness of thrombolytic therapy in carefully
selected patients with myocardial infarction <75 years
but does not provide a definitive answer in patients
≥75 years. Research is urgently needed because this
group now constitutes almost one-third of all patients
with acute myocardial infarction, and this percentage is
growing rapidly as the population ages.

In the absence of new randomized trials to resolve
these questions, data from earlier trials and new obser-
vational studies can be used to define more clearly the
predictors of positive and negative outcomes of reperfu-
sion therapies for patients ≥75 years [29]. Some of these
patients certainly benefit from thrombolytics but many
face an increased risk of cerebral haemorrhage and other
complications that can be disabling or fatal. Discerning
physicians must recognize that age per se does not cause
positive or negative outcomes of thrombolytic therapy,
but rather that it is a marker for underlying pathophys-
iological factors and comorbidity that may influence
treatment effects.
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