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C ardiac adverse events are a major cause of morbidity
and mortality in patients undergoing non-cardiac sur-

gery [1]. The risk is highest among patients with a history of
myocardial infarction, angina pectoris, congestive heart failure,
arterial hypertension or diabetes mellitus, particularly in the
elderly and in patients with unstable symptoms, and the effects
of these risk factors appear to be additive. On the other hand,
among patients undergoing vascular surgery who have none of
these features, the combined incidence of perioperative myo-
cardial infarction or death is less than 3 %. Peri- and postopera-
tive ischaemia or myocardial infarction are most likely due to
an increase in myocardial oxygen demand in patients with coro-
nary obstructions and those in whom coronary plaque ruptures
may be triggered leading to thrombosis. Increased catecho-
lamine levels and prothrombotic tendencies that accompany the
physiologic stress of surgery play an important part in these
events that usually occur in the early postoperative phase [2].
Since beta-blockers directly inhibit the effects of catecho-
lamines thereby reducing myocardial oxygen demand, cardiac
arrhythmias, arterial blood pressure and shear stress, they
might be particularly helpful in order to prevent cardiovascular
complications accompanied with surgical interventions.

The present review discusses the role of beta-blockers in
patients suffering from ischaemic heart disease and arterial
hypertension that undergo non-cardiac surgery.

Beta-Blockers and
Perioperative Myocardial Ischaemia

It has been shown in patients with coronary heart disease or at
high risk for it that postoperative myocardial ischaemia may
lead to a 2.8-fold increase of all adverse cardiac outcomes and
to a 9.2-fold increase of an ischaemic event [1]. Therefore, the
authors of this study suggested special attention be focused on
the prevention and/or therapy of postoperative ischaemia. As a
consequence, two major studies on the effects of beta-blockers
on perioperative morbidity and mortality were performed and
published.

Atenolol and non-cardiac surgery [3]
This randomised, double-blind trial in 200 patients com-
pared the efficacy of atenolol to that of placebo. Patients un-
dergoing non-cardiac surgery were enrolled when they either
had presence of coronary heart disease (CHD), indicated by
previous myocardial infarction, typical angina and/or a posi-
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tive stress test, or risk for CHD, indicated by at least two of
the following risk factors: age > 65 years, hypertension, cur-
rent smoking, serum cholesterol > 240 mg/dl, diabetes mel-
litus. Patients received in a randomised, double-blind fashion
30 min before entry into the operating room intravenously
either 5 mg atenolol or placebo when heart rate was > 55 beats/
min, systolic blood pressure > 100 mmHg, no congestive heart
failure, no third-degree AV-block and no acute broncho-
spasm. When 5 min following the intravenous administration
of the first dose of the study drug these criteria were still met
the same amount was infused again. Immediately after sur-
gery the study drug was given again in the same way. Starting
in the morning of the first postoperative day and each day
thereafter until discharge from the hospital, patients received
50 mg atenolol or placebo orally twice daily when heart rate
was > 65 beats/min and systolic blood pressure > 100 mmHg.
When heart rate was between 55 and 65 beats/min and blood
pressure > 100 mmHg one single oral dose of 50 mg atenolol
or placebo was given daily. When heart rate was < 55 beats/
min or blood pressure < 100 mmHg no study drug was
given. All patients underwent operations with general anaes-
thesia with endotracheal intubation and received complete
perioperative standard care and treatment.

192 of the patients were followed for 2 years. Twenty-one
patients in the placebo group and 9 in the atenolol group died
during the two-year follow-up period, representing a reduc-
tion in mortality by atenolol by 55 % (p < 0.02). The princi-
pal effect of atenolol occurred during the first 6 to 8 months
after surgery, after 8 months there was no additional substan-
tial difference between the two groups but the existing differ-
ence was fully preserved at two years. All cardiac events were
decreased in the atenolol group after one year (–67 %, p < 0.01)
and after two years (–48 %, p < 0.01). Patients with diabetes
mellitus had a 4-fold higher risk of death during the two-
years follow-up after non-cardiac surgery. However, atenolol
reduced this risk by 75 % so that the risk of patients with dia-
betes in the atenolol group was similar to that of patients
without diabetes in the placebo group.

More than 85 % of patients tolerated the administration of
atenolol, and more than 60 % received the maximum doses of
10 mg intravenously and 100 mg orally. The oral administra-
tion of atenolol was not associated with an increased inci-
dence of hypotension, bradycardia or other events, and the
authors emphasised the efficacy and safety of beta-blockade
even for patients with heart failure and pulmonary disease.
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Based on their observations, the authors calculated that
the overall cost per life-year saved with atenolol in patients
with CHD undergoing non-cardiac surgery is about USD
2500.

Figure 1 shows event-free survival for two years after non-
cardiac surgery in the atenolol and in the placebo group (83
versus 68 %, p < 0.01).

Bisoprolol and non-cardiac surgery [4]
This randomised, placebo-controlled trial in 112 patients
compared the efficacy of bisoprolol to that of placebo. Pa-
tients undergoing vascular surgery (aorta abdominalis or
infrainguinal arteries) were enrolled when they were consid-
ered at high risk defined by one of the following cardiac risk
factors: age > 70 years, angina, prior myocardial infarction,
compensated congestive heart failure, current treatment for
ventricular arrhythmias, or diabetes mellitus, in addition to a
positive result on dobutamine echocardiography. Exclusion
criteria were asthma, left main CHD, severe three-vessel
CHD, or running therapy with beta-blockers.

Treatment with oral administration of 5 mg bisoprolol or
matching placebo once daily was started at least one week be-
fore surgery and continued for 30 days postoperatively. The
dose of bisoprolol was increased to 10 mg once daily when
resting heart rate remained > 60 beats/min. Bisoprolol was
withheld when resting heart rate fell < 50 beats/min or
systolic blood pressure < 100 mmHg.

The study was interrupted by the safety committee after
the first planned interim analysis because of the clear benefit
of bisoprolol over placebo which was not attributable to dif-
ferences between the two groups.

The combined primary end point, death from cardiac
causes or non-fatal myocardial infarction, occurred in 34 %
of patients in the standard-care group as compared with 3 %
in the bisoprolol group, representing a relative risk reduction
of 91 % (p < 0.001) (Figure 2). 17 % of patients in the stand-
ard-care group and two patients in the bisoprolol group died
in the perioperative period (p = 0.02). 17 % of patients in the
standard-care group and none in the bisoprolol group had a
non-fatal myocardial infarction (p < 0.001). The incidence of
the combined primary end-point of this study with bisopro-
lol, 3 %, appears so low that it even seems likely that the same
cumulative morbidity and mortality from three sequential
procedures (coronary angiography, coronary revasculariza-
tion, and then a surgical vascular procedure) would be higher
than 3 %. Therefore, the role of coronary angiography and
coronary revascularization before non-cardiac surgery might
be greatly diminished, particularly since there are currently
no data available demonstrating that this strategy improves
outcomes [5].

Furthermore, there were additional studies published by
several authors using similar protocols with different beta-
blockers that revealed beneficial results similar to those in the
two studies with atenolol and bisoprolol mentioned above
[6–8].

Beta-Blockers and
Perioperative Arterial Hypertension

Blood pressure of 180/110 mmHg or higher is associated
with an increased risk for perioperative ischaemic events.
Therefore, whenever possible, surgery should be delayed un-
til blood pressure has been brought to lower levels. Since sur-
gery is frequently accompanied by stress, and the peri-
operative risk is, particularly in patients with hypertension,
highly related to the adrenergic arousal before, during, and
after surgery, it is recommended that patients without prior
antihypertensive treatment (and without contraindications)
should be best treated with a cardioselective beta-blocker be-
fore, during and after surgery. On the other hand, surgical
candidates with a currently adequately controlled blood pres-
sure should remain on their regimen [9, 10].

Conclusions
Since cardiac events are a major cause of morbidity and mor-
tality in patients undergoing non-cardiac surgery, and peri-
and postoperative ischaemia (including myocardial infarc-
tion) is most likely caused by an increase in myocardial oxy-
gen demand due to increased catecholamine levels in the
perioperative phase, beta-blockers appear particularly suitable
to prevent the deleterious effects of increased catecholamines
since these effects are directly inhibited by these drugs. In-
deed, during the last years it has been shown repeatedly that
beta-blockers are able to decrease the incidence of peri-
operative cardiac adverse events. Latest results even suggest
that it might be appropriate to refrain from interventions of
coronary revascularisation (PTCA or CABG) before surgery
in patients with proven coronary heart disease, particularly
when they have a clear indication for an urgent surgical inter-
vention such as a malignant tumor or an infectious focus
which might cause sepsis. In this case the time needed for
revascularisation itself as well as pharmacological therapy fol-
lowing these interventions, particularly inhibitors of platelet
aggregation such as aspirin, clopidogrel or ticlopidine, might
unnecessarily delay surgery and herewith cause disadvantages
to patients. As a worthwhile alternative, revascularisation
might be performed only after surgery, and instead, beta-

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Cumulative percentages of patients who died of cardiac
causes or had a non-fatal myocardial infarction during the postop-
erative period. Bisoprolol reduced the risk by 91 % (p < 0.001), n = 112.
Reprint with permission from [4]. Copyright © 1999 Massachusetts Me-
dical Society

FFFFFigure 1.igure 1.igure 1.igure 1.igure 1. Event-free survival two years after non-cardiac surgery among
patients who survived hospital discharge. Atenolol reduced the risk
by 48 % (p = 0.008), n = 192. Reprint with permission from [3]. Copy-
right © 1996 Massachusetts Medical Society
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blockers might be used during the complete perioperative
phase in order to prevent cardiac adverse events. However, it
is clear even in patients with coronary heart disease who un-
dergo non-cardiac surgery that beta-blockers always have to
be used with proper care and only when they are really indi-
cated.
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