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Abstract

Several trials have evaluated the role of treatment with beta-blockers in patients undergoing non-cardiac surgery. Debates are when
and which agent and dosage to initiate and when and how to continue or discontinue. In addition, effects on perioperative arrhyth-
mia, myocardial infarction, stroke, and mortality were studied. Herein we have tried to review the most common guidelines and
large trials on the aforementioned issues.
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1. Introduction

Cardiovascular complications are one of the most com-
mon causes of mortality and disability after non-cardiac
surgery. It is estimated that 0.5% of the patients undergo-
ing these operations die of cardiovascular causes and an-
other 2% suffer from other cardiovascular complications,
including myocardial infarction (MI) (1). The rates are even
higher in patients with known cardiac diseases or risk fac-
tors. In fact, the mortality rate due to cardiac causes is 2% -
3% and the rate of MI is 4% - 6% in this high-risk population
(2).

Unstable atherosclerotic plaque rupture leading to
thrombus formation and stress induced ischemia due to
mismatch between the myocardial oxygen supply and
demand during intubation or intraoperative tachycardia
(due to hypotension or bleeding) are the main mecha-
nisms of perioperative cardiac complications (1, 3).

Beta-blockers are a class of drugs with negative
chronotropic properties, resulting in a lower myocardial
oxygen demand. They also have antiarrhythmic and anti-
inflammatory effects and can affect energy metabolism
(1). Thus, considering the mechanisms of myocardial is-
chemia and the properties of beta-blockers, several studies
have been performed to assess the probable beneficial ef-
fects of perioperative beta-blocker therapy in non-cardiac
surgery.

Despite initial positive reports encouraging the use of
beta-blockers, there are concerns about the risk of side ef-

fects like hypotension and stroke in more recent studies.
Furthermore, various results do not strongly support the
beneficial effects of beta-blockers on mortality (4). There-
fore, there is no definite agreement about the timing of
initiation of beta-blocker therapy and the populations that
will benefit more. In this review, we will discuss the proba-
ble benefits and harms of perioperative beta-blocker ther-
apy in patients undergoing non-cardiac surgery.

2. Chronic Consumption

A subgroup of patients consumes beta-blockers chron-
ically due to non-surgical indications like hypertension,
coronary artery disease, heart failure, and arrhythmia.
The last guideline of the American college of cardiol-
ogy/American heart association (ACC/AHA) (4) on perioper-
ative evaluation and management of non-cardiac surgery
and the guideline of the European society of cardiology
(ESC) (5) on non-cardiac surgery, both published in 2014,
indicate that beta blockers should be continued in the pe-
rioperative period in patients who use them chronically.
This is the only class I recommendation in both guidelines.

The ACC/AHA’s rationale for this recommendation is
based on the evidence in non-surgical settings suggesting
that interrupting long-term beta-blocker use is harmful
(4). The ESC guideline specifies that if a beta-blocker is
used for treatment of hypertension, it is not recommended
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to switch the drug class because other antihypertensive
drugs lack perioperative protective effects (5).

The 2017 canadian cardiovascular society (CCS) guide-
line (6) states that there is a chance of increase in mortal-
ity when chronic beta-blocker therapy is interrupted in the
perioperative period and thus, it recommends continua-
tion of beta-blockers in chronic consumers. However, the
guideline suggests dose reduction or holding beta-blocker
consumption if the systolic blood pressure is low before
surgery (6).

3. Time of Initiation

The 2014 ACC/AHA guideline is clearly against initiation
of beta-blockers on the surgery day (class III recommen-
dation) (4). According to the perioperative ischemic eval-
uation (POISE) study (7), starting extended-release meto-
prolol succinate 2 - 4 hours prior to surgery leads to in-
creased mortality (7). On the other hand, the guideline
has a class IIb recommendation for initiating beta-blockers
more than 1 day (2 - 7 days) before surgery to evaluate their
safety and tolerance (4). The authors of the ESC guideline
believe that beta-blockers should be initiated preferably
more than one day before surgery. They suggest that beta-
blockers should be started at least 1 week but not more
than 30 days before surgery (5).

London et al. conducted a retrospective cohort to as-
sess the initiation of beta-blockers on the day of or one
day after non-cardiac surgery. The rate of 30-day mortal-
ity and Q-wave MI were lower in patients treated with beta-
blockers if the revised cardiac risk index (RCRI) was equal
or more than 2 and the patient had nonvascular surgery.
No significant difference was observed in vascular surgery.
The overall rate of stroke was higher in the beta-blocker
group (8).

Other than the Dutch echocardiographic cardiac risk
evaluation (DECREASE) (9) trial, beta-blockers were started
within 24 hours of surgery in all other trials. In a post hoc
analysis of these trials, despite a decrease in the risk of MI,
the risk of death, stroke, hypotension, and bradycardia in-
creased if beta-blockers were initiated within 24 hours be-
fore surgery (10). Based on this systematic review, the 2017
CCS guideline recommends against the initiation of beta-
blockers in the last 24 hours before surgery. The guideline
has no specific recommendation about when to start the
drug (6).

In 2014, Wijeysundera et al. conducted a cohort study
on old patients undergoing non-cardiac surgery. The time
since preoperative beta-blocker initiation to surgery was
classified as 1 - 7 days, 8 - 30 days, and 31 days or more. The
30-day mortality was significantly higher in the “1 - 7 day”
group but did not differ between “8 - 30” and “31 or more”

groups. The 30-day MI, 30-day ischemic stroke, and 1-year
mortality were similar in the three groups (11).

4. Titration and Duration

The ESC guideline suggests low dose initiation of beta-
blockers and slow up-titration to achieve a resting heart
rate of 60 - 70 beats per minute before surgery. This guide-
line still has a class III recommendation against high fix
regimens of beta-blockers without titration (5). Due to
these recommendations, the guideline suggests initiation
of beta-blockers at least 1 week up to 30 days before surgery
(5).

The CCS guideline mentions that most patients are vis-
ited in preoperative clinics within days before surgery that
makes beta-blocker titration a challenging task. It also
warns that the tolerated beta-blocker dose before surgery
is not necessarily safe because hypotension is common
during or after surgery (6). The guideline has no specific
recommendation about titration.

The POISE trial used a high fixed dose of long-acting
metoprolol succinate, resulting in higher rates of mortal-
ity and stoke but lower rates of MI compared to the control
group (7). In contrast, the DECREASE IV study used low-dose
bisoprolol and titrated the dose to reach a resting heart
rate of 60 - 70 beats per minute. The rates of cardiac deaths
and MI were significantly lower in the bisoprolol group,
but the rate of stroke did not differ significantly (9). How-
ever, other than titration versus fixed dose regimens, the
type of beta-blocker and time of initiation (median time of
initiation was 34 days before surgery in DECREASE IV) were
different in these trials, all of which may affect the results.

There is no specific recommendation about the du-
ration of beta-blocker consumption after surgery. The
ACC/AHA guideline has a class IIa recommendation that de-
cision on continuing beta blockers is made based on clin-
ical circumstances (4). The ESC guideline mentions that
randomized clinical trials (RCTs) are silent about the dura-
tion and suggest that because of the risk of delayed cardiac
events, it is better to continue the beta blocker for several
months. If the preoperative stress test is abnormal, long-
term beta-blocker therapy is suggested (5).

5. Effect on Myocardial Infarction

The first trials did not show any association between
beta-blockers and decreased MI. The perioperative beta
blocker (POBBLE) trial was conducted in 2005 in patients
undergoing infrarenal vascular surgery. Metoprolol 50 mg
twice daily was given for up to 7 days after surgery. The 30-
day cardiovascular events including unstable angina and
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MI did not differ when compared to the control group
(12). In 2006, the diabetes postoperative mortality and
morbidity (DIPOM) trial was conducted. Extended released
metoprolol at a dose of 100 mg was administrated from
1 day before surgery to 8 days after the operation in dia-
betic patients. Although the mean heart rate significantly
decreased in metoprolol groups, no significant difference
was detected in cardiac morbidities including unstable
angina, MI, or heart failure in 18 months (13). The metopro-
lol after vascular surgery (MaVS) trial was the next study
conducted in 2006. A fixed dose of metoprolol was initi-
ated 2 hours before abdominal aortic surgery and contin-
ued for 5 days. There was no difference in the incidence of
unstable angina, MI, and heart failure at 1 and 6 months
(14). In the Swiss beta blocker in spinal anesthesia (BBSA)
trial in 2007, a fixed dose of bisoprolol was administered
at least 3 hours before surgery with spinal block that was
continued for a mean of 5 days. The 1-year rates of unstable
angina, MI, or heart failure were not significantly different
despite a significant reduction in the mean heart rate (15).

In another study in 2008, Kaafarani et al. noted that al-
though patients who received beta-blockers had lower pe-
rioperative heart rates, the rate of 30-day MI was higher in
the beta-blocker group (16). On the other hand, in a meta-
analysis published by Rajeev et al. in 2009, myocardial
ischemia significantly reduced in patients receiving beta-
blockers before surgery or postoperatively (17). In another
meta-analysis published in 2009, Talati et al. showed that
postoperative MI reduced if a beta-blocker was adminis-
tered preoperatively (18). A meta-analysis by Bouri et al. in
2014 showed that perioperative beta-blocker administra-
tion was associated with a significant decrease in MI (19).

In 2014, a Danish nationwide cohort study was pub-
lished, evaluating patients with known ischemic heart
disease undergoing non-cardiac surgery. The risk of MI
and major adverse cardiac events (MACE) significantly de-
creased in the beta-blocker group, only in patients with
heart failure or recent MI (less than 2 years before surgery)
(20). In a meta-analysis conducted by Wijeysundera in
2014, a moderate reduction was detected in the rate of MI
(10). Blessberger et al. showed similar results in their sys-
tematic review (21). By contrast, Jorgensen et al. reported
that beta-blocker administration was associated with a sig-
nificant increase in the 30-day MACE, including MI, in hy-
pertensive patients. Combination of beta-blockers with
other antihypertensive drugs led to even a higher MACE
rate, compared to a renin-angiotensin inhibitor plus thi-
azide diuretic (22).

6. Effect on Mortality

There was no significant difference in all-cause mortal-
ity in the beta-blocker group in POBBLE (12) and DIPOM tri-
als. The PMaVS trial (14) and BBSA trial (15) evaluated 30-day
and 1-year cardiac mortality, respectively, and found no sig-
nificant difference. In the POISE trial, the composite end-
point of cardiovascular mortality, MI, and non-fatal arrest
was lower in the metoprolol group, mainly due to a reduc-
tion in MI, but the rate of cardiovascular death was signifi-
cantly higher in the metoprolol group (7). In contrast, the
30-day cardiac mortality rate decreased significantly in the
bisoprolol group in the DECREASE IV trial (9).

In 2015, Friedell et al. proposed a 4-point calculator for
prediction of mortality. The items were renal failure, di-
abetes mellitus, coronary artery disease, and surgery in a
major body cavity. They found that beta-blockers signifi-
cantly decreased the mortality rate in score 3 or 4, had no
association in score 1 or 2, and increased the mortality rate
in score 0. They concluded that beta-blockers were benefi-
cial in high-risk patients but could be hazardous in low-risk
patients (23).

7. Effect on Stroke

In POBBLE (12), BBSA (15), and DECREASE IV (9) trials, the
rate of stroke was not different in the beta-blocker group.
However, in the POISE trial, the rate of stroke increased sig-
nificantly upon beta-blocker administration (7). In a re-
view study by Talati, the odds of stroke increased signif-
icantly following the use of beta-blockers. The risk was
higher in patients with a lower baseline risk of stroke (18).

In 2009, Van Lier et al. evaluated the risk of stroke in
chronic (more than 1 month before surgery) beta-blocker
users undergoing non-cardiac surgery. They found that the
risk of perioperative stroke did not differ significantly in
chronic users (24). In 2010, Van Lier et al. had a pooled anal-
ysis on DECREASE trials and found no association between
bisoprolol and postoperative stroke. They noted that pa-
tients with a previous history of stroke were at higher risk,
regardless of beta-blocker therapy (25).

8. Effect on Blood Pressure and Heart Rate

MaVS (14), Talati (18), Bouri (19), Wijeysundera (10),
and Blessberger (21) trials showed that intraoperative hy-
potension and intraoperative bradycardia were signifi-
cantly more frequent in the beta-blocker group. However,
the DECREASE IV trial showed no difference in clinically sig-
nificant hypotension and bradycardia (9).

Although Beattie et al. published a meta-analysis indi-
cating that beta-blockers have a cardio protective effect in
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non-cardiac surgery if the patient’s maximum heart rate is
below 100 beats per minute, and the largest beneficial ef-
fect of the reduced heart rate is decreased risk of periopera-
tive MI, the ACC/AHA guideline mentions that the evidence
supporting tight heart rate control is weak and therefore
does not have any specific recommendations in this regard
(4); hence, the consensus is that tight rate control raises
concerns about increased risk of intraoperative hypoten-
sion and bradycardia.

9. Effect on Arrhythmia

In the POBBLE trial, beta-blockers had no effect on pe-
rioperative ventricular arrhythmia (12). Similar results
were obtained in the MaVS trial, and it was added that
beta-blockers also had no effect on atrial arrhythmia (14).
No association was found between beta-blockers and ven-
tricular arrhythmia in an analysis conducted by Bless-
berger, but the rate of supraventricular tachycardia (SVT)
decreased significantly (21).

10. Type of Beta-Blocker

In 2015, Patorno et al. assessed the pattern of beta-
blocker administration. They found that beta-blocker con-
sumption was relatively high in patients undergoing vas-
cular surgery as well as in patients with an RCRI more
than or equal to 2. Metoprolol was the most common pre-
scribed beta-blocker (55%), followed by atenolol (31%) and
carvedilol (6%) (26).

In a retrospective cohort in 2013, London et al. com-
pared metoprolol and atenolol. Metoprolol was more fre-
quently prescribed but the mortality rate was significantly
higher in the metoprolol group compared to the atenolol
group. The rate of stroke was also significantly higher in
the metoprolol group (8). In 2016, Cohn noted that more
cardioselective beta-blockers (atenolol or bisoprolol) had
more beneficial effects than metoprolol did, and metopro-
lol had no beneficial effects in diabetic patients and in vas-
cular surgery (27).

In 2013, Ashes et al. conducted a study to compare biso-
prolol with metoprolol and atenolol. Bisoprolol treatment
was associated with a lower rate of perioperative stroke.
It was mentioned that in animal studies, attenuation in
beta-2 mediated vasodilation in cerebral vessels might be
the mechanism of beta-blocker related stroke. In rat mod-
els, less beta-1 selective blockers like metoprolol could de-
crease the cerebral tissue oxygen content, which was not
seen in highly selective beta-1 blockers like nebivolol (28).

Based on the above data, the ESC guideline has a class
IIb recommendation that use of atenolol or bisoprolol is

preferred over metoprolol or other beta-blockers if the
beta-blocker is initiated before non-cardiac surgery (5).
The ACC/AHA guideline has no specific recommendation
about the type of the beta-blocker.

Some studies have evaluated the role of esmolol in non-
cardiac surgery. It is noted that esmolol can reduce my-
ocardial ischemia and arrhythmia in cardiac surgery (29).
In 2011, Yu et al. assessed esmolol in non-cardiac surgery,
and found a significant decrease in the rate of myocar-
dial ischemia. No significant bradycardia occurred in the
esmolol group. They also reported that hypotension was
dose-dependent (uncommon in bolus doses less than 500
mcg/kg), and more common in bolus regimens than con-
tinuous infusion (30).

11. Guideline Recommendations on New Initiation of
Beta-Blockers

Due to concerns about the risk of stroke, hypotension,
and bradycardia, and also different and sometimes contra-
dictory reports about the risk of all-cause and cardiovascu-
lar mortality, there is no class I or IIa recommendation for
new initiation of beta-blockers in order to reduce the risk
of myocardial injury in non-cardiac surgery in ACC/AHA
and ESC guidelines. However, there is a class IIb recom-
mendation, indicating that the supporting evidence is still
weak.

In the 2014 ACC/AHA guideline, there are three class
IIb recommendations on initiating beta-blockers (4): 1) pa-
tients with evidence of intermediate or high risk of my-
ocardial ischemia on preoperative stress tests, 2) patients
with RCRI equal to or more than three, and 3) patients with
indication of long-term beta-blocker therapy who did not
initiate treatment before.

The 2014 ESC guideline has two class IIb recommen-
dations for initiating beta blockers (5): 1) patients with
known ischemic heart disease or myocardial ischemia and,
2) patients undergoing high risk surgery who have at least
two clinical risk factors or American Society of Anesthesiol-
ogists (ASA) status 3 or more. The ESC guideline also has a
class III recommendation that beta-blockers should not be
initiated in low-risk operations (5).

12. Conclusion

There are still unanswered questions about the role of
beta-blockers in non-cardiac surgery. Most of the previ-
ous studies initiated beta-blockers on the day of surgery,
and most of them used metoprolol. Highly selective beta-
1 blockers may decrease the risk of stroke. Moreover, it
is suggested that hypotension and bradycardia are dose-
dependent. Furthermore, the duration of beta-blocker
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therapy and the effect of beta-blockers on perioperative ar-
rhythmia have not been completely evaluated in previous
studies, warranting further research.

It cannot be denied that beta-blockers have some ben-
efits in non-cardiac surgery, especially in patients with is-
chemic heart disease and clinical cardiac risk factors. How-
ever, definite indications for initiating beta-blockers in the
perioperative period await the results of upcoming RCTs.
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