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Abstract

Objective To test whether atenolol (a long acting B blocker) and
metoprolol (a short acting B blocker) are associated with
equivalent reductions in risk for elderly patients undergoing
elective surgery.

Design Population based, retrospective cohort analysis.

Setting Acute care hospitals in Ontario, Canada, over one
decade.

Participants Consecutive patients older than 65 who were
admitted for elective surgery, without symptomatic coronary
disease.

Main outcome measure Death or myocardial infarction.
Results 37 151 patients were receiving atenolol or metoprolol
before surgery, of which the most common operations were
orthopaedic or abdominal procedures. As expected, the two
groups were similar in demographic characteristics, medical
therapy, and type of surgery. 1038 patients experienced a
myocardial infarction or died, a rate that was significantly lower
for patients receiving atenolol than for those receiving
metoprolol (2.5% v 3.2%, P <0.001). The decreased risk with
atenolol persisted after adjustment for measured demographic,
medical, and surgical factors; extended to comparisons of other
long acting and short acting p blockers; was accentuated in
analyses that focused on patients with the clearest evidence of 8
blocker treatment; and reflected the immediate postoperative
interval.

Conclusions Patients receiving metoprolol do not have as low a
perioperative cardiac risk as patients receiving atenolol, in
accord with possible acute withdrawal after missed doses.

Introduction

Myocardial infarction and death are common, serious, and
upsetting perioperative complications, especially after elective
surgery.™ B blockers are a medical treatment that may reduce
the perioperative cardiac risk associated with surgery.”* In
randomised trials with results that reached significance, rates of
cardiac mortality were 55-90% lower in patients given f blockers
than in controls.” Comparisons of the relative effectiveness of
different B blockers have rarely been conducted,’ and clinicians
often assume a general class effect shared by all agents.” ' From
a theoretical perspective, p blockers should offer similar protec-
tion, particularly if matched on cardiac selectivity and membrane
stabilising activity.'" On the basis of this rationale, the choice
among different B blockers in clinical practice is often made in
an arbitrary manner.”* "

Sudden withdrawal of B blockers may result in a complicated
syndrome marked by tachycardia, hypertension, and cardiac
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ischaemia."" Similar to drug withdrawal from sedatives (for

example, benzodiazepines), clinical manifestations tend to be
accentuated in agents with rapid rather than extended
elimination.”*" Sudden withdrawal of f blockers is particularly
worrisome around the time of surgery because the loss of B
blockade may predispose patients to a myocardial infarction.”*
For this reason, patients receiving B blockers as outpatients are
instructed to continue their medication around the time of
surgery (including taking their medication on the morning of
operation) and typically do not switch to a different agent in the
same class.”* Furthermore, patients are typically prescribed the
same B blockers while in hospital after surgery as they had been
originally receiving.”"

Lapses in care are common in practice yet rarely
documented in trials with strict protocols.”"’ Short acting medi-
cations may be particularly prone to problems related to missed
doses because of both the greater opportunity for error (more
doses needed) and the greater consequences from error (rapid
withdrawal)."~* Our theory was that short acting p blockers may
differ from long acting B blockers in preventing perioperative
myocardial infarction and death. In Ontario, atenolol and meto-
prolol are the most popular B blockers; have similar indications
and contraindications; and are both insured benefits in the
health insurance plan. However, atenolol has a long duration of
action and the typical dosage is once a day, whereas metoprolol
has a shorter duration of action with a typical dosage twice a day,
thereby enabling a natural comparison of these two active agents
for elective surgery.***

Methods

We identified consecutive patients undergoing elective surgery in
any hospital throughout Ontario, Canada, by using the database
of the Canadian Institutes for Health Information, which
provides the official data for ongoing accreditation and financial
reimbursement in this setting.” The accrual period was from 1
April 1992 to 1 April 2002 (10 years), representing all years
available for analysis. We identified elderly patients (older than
65) admitted to hospital for elective surgery. We did not include
outpatients, patients having surgery as a day procedure, or young
individuals because of the generally low event rates in such
circumstances. To reduce confounding from differing amounts
of pre-existing illness,” we excluded in advance patients with
symptomatic coronary disease as evidenced by chronic use of
nitrates.”
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We made special efforts to gather population based data that
eliminated referral bias and counted each patient only once. We
deleted duplicate hospital records by retaining only one copy of
events characterised as the same admission for the same patient
on the same day. We analysed only the first admission for
patients with more than one elective surgical procedure during
the study interval (results based on separate admissions yielded
more extreme results and are not reported). In addition, we
counted outcomes after transfers according to the hospital first
involved. We used confidentiality safeguards at the Institute for
Clinical Evaluative Sciences in Ontario to conduct the study. All
databases have been used extensively in past research.”

p blockers

For each patient we searched previously validated, population
wide prescription records for the year before admission,” * rea-
soning that p blocker medications would probably be continued
in the perioperative setting. We classified individual patients who
received two or more prescriptions for atenolol as using this
medication on an ongoing basis. Similarly, two or more prescrip-
tions for metoprolol identified patients who used that p blocker
on an ongoing basis. We classified patients receiving two or more
prescriptions for both atenolol and metoprolol as having mixed
exposures and reported separately. We lacked direct individual
data on medications received in hospital; however, to validate our
classifications further we also identified prescriptions after
discharge to confirm ongoing use of either atenolol or metopro-
lol among survivors.

We also considered some more complicated situations. We
examined patients receiving two or more prescriptions of
carvedilol, labetolol, oxprenolol, pindolol, timolol, or acebutolol
in a secondary analysis of other short acting 3 blockers. Similarly,
we examined patients receiving two or more prescriptions for
nadolol or bisoprolol in a secondary analysis of other long acting
B blockers. We considered patients receiving sustained release
formulations of any B blockers in the category of other long act-
ing B blockers and patients receiving multiple prescriptions of
different short acting and long acting B blockers a mixed group.
We considered patients receiving two or more prescriptions for
sotalol or propranolol each a unique group because of the
distinct indications for these particular § blockers.

Outcome and characteristics

We obtained information on patients’ demographics by linking
individuals to the Registered Persons database, the official
governmental record for patients in Ontario. We obtained infor-
mation on the nature of the surgical procedure and
postoperative recovery from the Canadian Institutes for Health
Information database. In addition, we classified operations
according to type of surgery as either cardiac or non-cardiac,
with non-cardiac surgery further distinguished as high risk non-
cardiac (thoracic, abdominal, retroperitoneal, vascular), medium
risk non-cardiac (neurosurgical, external head and neck, unclas-
sified), and low risk non-cardiac (lower urological and
gynaecological, orthopaedic, breast and skin, ophthalmological).
The available databases did not contain data on compliance,
family history, or lifestyle.

We defined the primary outcome as death or myocardial inf-
arction occurring during hospitalisation.” Secondary analysis
examined each end point separately. We also analysed
non-cardiac complications after surgery to check for a lack of
differences where no differences would be anticipated. These
additional analyses of seven tracer conditions included wound
infection, ileus, pneumonia, aspiration, respiratory failure, renal
failure, and delirium. We further tested comparability between
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the two groups by examining five pre-specified, distinct, available
measures of the process of care: transfusion of blood
component; ultrasound of the abdomen; accidental cuts,
puncture or perforation; foreign object left in body; and failure
of dosing, instrument, or sterilisation.

Statistical analysis

We used the y° test to compare the frequency of death or
myocardial infarction for patients receiving atenolol and
metoprolol, because the data lacked the day of the postoperative
infarction. We also used the log rank statistic to analyse dates of
death alone. Additionally, we constructed a general predictive
model by subjecting each baseline patient factor to stepwise
logistic regression and thereby obtained an adjusted comparison
of rates of death or myocardial infarction for patients receiving
atenolol or metoprolol. A multivariable propensity score
analysis,™ * designed to adjust for clinical determinants of f
blocker selection, yielded results almost identical to those based
on the general predictive model and are not reported (results
same to two decimal places). All P values were two tailed,
estimates calculated with 95% confidence intervals, and analyses
conducted by using SAS software (version 8.02, Cary, NC 27513,
USA).

Results

A total of 454 336 elderly patients had a total of 634 925 admis-
sions for elective surgery across 252 separate hospitals during
the 10 year interval. A minority of patients had symptomatic
coronary disease (n=48 128), and most (n= 345 253) had not
received a B blocker on an ongoing basis as an outpatient in the
year before surgery. The most commonly used B blockers were
atenolol (n=23 091) and metoprolol (n= 14 060), forming a
ratio of about 5:3 that was stable over the decade. The median
dose of atenolol was 50 mg once daily and that of metoprolol 50
mg twice daily. Some patients received another long acting
blocker (n=2754), some another short acting B blocker
(n=10 668), and some had mixed exposures to a long acting as
well as a short acting B blocker (n=229). The remaining patients
were those receiving sotalol (n=3810), propranolol (n=6309),
or either of these two medications in combination with another
B blocker (n=34).

As expected, the baseline characteristics for patients
receiving atenolol or metoprolol overlapped substantially (table
1). The largest difference was in the proportion who had cardiac
surgery, which was more common among those receiving meto-
prolol, although it was generally infrequent in both groups (an
imbalance examined in subsequent analyses). After excluding
patients undergoing cardiac surgery, the atenolol and metopro-
lol groups were remarkably similar in use of cardiac medications
including statins, digoxin, furosemide, calcium channel blockers,
angiotensin pathway blockers, and anticoagulants (see bmj.com
for characteristics of patients not having cardiac surgery). We
found no major differences between the two groups in other
medications used to treat chronic medical and psychiatric condi-
tions. We also found no clinically important differences in demo-
graphic characteristics between the two groups.

A total of 1038 patients experienced a myocardial infarction
or died during their stay in hospital. The risk of this combined
end point was one fifth lower for patients receiving atenolol
rather than metoprolol (2.5% v 3.2%, P <0.001). The difference
in risk was also apparent for the solitary end points of
myocardial infarction (1.6% v 2.0%, P=0.004) and of death
(12% v 1.6%, P=0.007). The difference persisted in those
patients not having cardiac surgery, both for the combined end
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Table 1 Patients’ characteristics. Values are numbers (percentages) of
patients

Metoprolol (n=14

Characteristic Atenolol (n=23 091) 060)
Age in years:
<69 6932 (30) 4000 (28)
70-74 7761 (34) 4547 (32)
75-79 5929 (26) 3760 (27)
>80 2469 (11) 1753 (12)
Sex:
Female 11 758 (51) 6419 (46)
Male 11 333 (49) 7641 (54)
Social status fifth:*
Lowest 4535 (20) 2745 (20)
Next lowest 5004 (22) 3044 (22)
Middle 4558 (20) 2688 (19)
Next highest 3912 (17) 2469 (18)
Highest 4275 (19) 2566 (18)
Missing 807 (3) 548 (4)
Medication in preceding year:t
ACE inhibitor 6681 (29) 4781 (34)
Allopurinol 1514 (7) 951 (7)
Antidepressant 2135 (9) 1195 (8)
Benzodiazepine 4641 (20) 2882 (20)
Bronchodilator 1125 (5) 879 (6)
Calcium channel blocker 6648 (29) 4148 (30)
Digoxin 1456 (6) 1351 (10)
Furosemide 1880 (8) 1813 (13)
Glaucoma eye drops 1284 (6) 895 (6)
Glucocorticoid 873 (4) 572 (4)
Gastric acid suppressor 5197 (23) 3419 (24)
Insulin 511 (2) 474 (3)
Levothyroxine 2595 (11) 1562 (11)
Antipsychotic 332 (1) 223 (2)
Oral anticoagulant 1434 (6) 1356 (10)
Oral antiplatelet agent 312 (1) 222 (2)
Oral hypoglycaemic 2211 (10) 1683 (12)
Statin 4997 (22) 3632 (26)
Surgery type:
Cardiac 2315 (10) 2047 (15)
Thoracic 425 (2) 241 (2)
Abdominal 5355 (23) 3172 (23)
Retroperitoneal 321 (1) 180 (1)
Vascular 2063 (9) 1334 (9)
Neurosurgical 427 (2) 232 (2)
External head and neck 655 (3) 381 (3)
Unclassifiedt 106 (0) 53 (0)
Lower urological or gynaecological 4232 (18) 2443 (17)
Orthopaedic 5108 (22) 2762 (20)
Breast or skin 1198 (5) 659 (5)
Ophthalmological 886 (4) 556 (4)

*Derived from home neighbourhood income.
tTwo or more presciptions in 12 months before admission.
tincludes combined surgeries.

point (2.0% v 2.6%, P<0.001), and the solitary end points of
myocardial infarction (1.1% v 1.4%, P = 0.024) and death (1.2% v
1.6%, P=0.003). The pattern was consistent for high risk,
medium risk, and low risk non-cardiac surgery and not apparent
with cardiac surgery (fig 1). The relative risk reduction persisted
in subgroups that excluded those patients receiving calcium
channel blockers, furosemide, or other single cardiac medica-
tions.

We constructed a clinical prediction rule by taking into
account each patient’s baseline characteristics, concurrent medi-
cations, and type of surgery. The important independent predic-
tors of myocardial infarction or death were the patient’s age and
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sex; four medications (furosemide, calcium channel blockers,
angiotensin converting enzyme (ACE) inhibitors, and statins);
and type of surgery (table 2). The overall goodness of fit of this
model was moderate (area under the receiver operating charac-
teristic curve 0.74, P<0.001) and similar to past published peri-
operative prediction rules (area under the curve 0.60-0.65).” The
difference between atenolol and metoprolol persisted after
adjusting for these predictors (relative risk reduction 13%, 95%
confidence interval 1% to 22%).

We conducted two further tests to gauge the robustness of
our findings. A comparison of any long acting p blocker (not just
atenolol) to any short acting B blocker (not just metoprolol)
showed a 15% reduction in risk of myocardial infarction or death
(5% to 24%) before adjusting for the predictors and a 10% risk
reduction after adjusting for the predictors (0% to 19%). A com-
parison of those with confirmed ongoing use of atenolol or
metoprolol (both defined as two or more prescriptions for the
corresponding medication in the year after surgery) yielded a
45% reduction in risk of myocardial infarction (31% to 56%)
before adjusting for the predictors and a 35% risk reduction after
adjusting for the predictors (19% to 49%).

We observed no differences between atenolol and metopro-
lol when we examined non-cardiac outcomes and processes of
care after surgery that might be related to unmeasured
characteristics of patients, surgical procedures, or hospitals. Post-
operative wound infection was the most common complication
and showed no significant difference between the two groups
(table 3). Delirium was the second most common complication
with a slight imbalance against the metoprolol group that was
small in magnitude and did not reach significance (P=0.15).
Postoperative pneumonia, renal failure, and prolonged ileus
were all similar in frequency (each about 1%), and the two groups
did not differ significantly. Misadventures were rare, with no con-
sistent imbalance between the two groups.

Most deaths occurred soon after admission, with postopera-
tive day 3 as the most common. Differences between atenolol
and metoprolol were primarily observed from postoperative
days 2 through 14, in keeping with acute cardiac stress after sur-
gery (fig 2). Differences between atenolol and metoprolol were
not evident on the day of admission, in keeping with intraopera-
tive catastrophes. Differences between atenolol and metoprolol
were not evident beyond day 14, in keeping with delayed
non-cardiac complications (and not easily explained by a
selection bias that would entail an inherent ongoing difference in
risk). No day showed a significant difference in mortality that
favoured metoprolol. Analyses based on comparing any long
acting B blocker to any short acting p blocker showed similar
patterns.

Discussion

The risk of myocardial infarction and death for patients having
non-cardiac surgery is lower for those receiving atenolol than for
those receiving metoprolol, with a number needed to treat equal
to about 165 patients to prevent one adverse event. We studied
consecutive elderly patients having elective surgery over a 10
year interval and found that myocardial infarction and death
were common complications, averaging about one event for
every 36 hospitalisations. Given past research on the general
effectiveness of B blockers, these data imply a greater benefit with
long acting B blockers over short acting B blockers in
non-cardiac surgery. We found no postoperative complications
that were significantly less common with metoprolol. In addition,
we found that factors related to the patient and surgical
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Table 2 Independent predictors of myocardial infarction or death

Predictor variable

Odds ratio (95% Cl)

Table 3 Non-cardiac postoperative outcomes. Values are numbers

(percentages) of patients unless otherwise indicated

Demographic characteristics:

Age >70* 141 (1.22101.63)
Male sex 1.37 (1.20t0 1.57)
Medications in preceding year:
Furosemide 1.55 (1.30t0 1.85)
Calcium channel blocker 1.17 (1.03101.34)
ACE inhibitor 1.17 (1.02t0 1.34)
Statin 0.82 (0.71t0 0.95)
Surgery typet:
Cardiac 2.57 (2.17 10 3.04)
Thoracic 1.79 (1.24102.60)
Vascular 1.99 (1.65 10 2.40)
Lower urological or gynaecological 0.21 (0.151t00.29)
Orthopaedic 0.62 (0.51100.76)
Breast or skin 0.29 (0.17 t0 0.50)
Ophthalmological 0.05 (0.011t00.19)

*Binary classification compared with younger age group.

tComparison is abdominal, retroperitoneal, external head and neck, neurosurgical,

unclassified.

Metoprolol

Atenolol group  group (n=14
Outcome variable (n=23 091) 060) P value
Clinical complication (diagnosis codes*)
Wound infection (998.1 to 998.9) 1385 (6.0) 900 (6.4) 0.159
lleus (997.4) 300 (1.3) 169 (1.2) 0.556
Pneumonia (480.0 to 487.9) 208 (0.9) 141 (1.0) 0.746
Aspiration (507.0 to 507.8) 46 (0.2) 28 (0.2) 0.415
Respiratory failure (518.8) 23 (0.1) 14 (0.1) 0.857
Renal failure (997.5) 231 (1.0 141 (1.0) 0.675
Delirium (293.0 to 293.9) 346 (1.5) 239 (1.7) 0.147
Technical procedure (procedure codest)
Transfusion of blood component (130) 208 (0.9) 141 (1.0) 0.386
Ultrasound of the abdomen (286) 92 (0.4) 56 (0.4) 0.401
Medical error (external factor codes*)
Accidental cut, puncture, perforation 217 (0.94) 109 (0.78) 0.099

(E870)

Foreign object left in body (E871) (0.02) (0.02) 0.984
Failure of dosing, instrument, sterilisation 0.03) 0.02) 0.609

(E872-E874)

*Based on International Classification of Diseases (9th revision).
1Based on Canadian Procedure Codes.

procedure were still the major determinants of whether a patient
experienced a major cardiac complication after the operation.

Relative risk reduction

Age >70 (773/26129) ——
Age <70 (265/10932) ——
Female (399/18177) ——
Male (639/18 974) ——
Lower socioeconomic status (449/15 328) —
Middle socioeconomic status (235/8601) —1—
Upper socioeconomic status (354/13 222) ——
ACE inhibitor (629/25689) ——
Allopurinol (951/34686) ——
Antidepressant (959/33821) ——
Benzodiazepine (833/29628) ——
Bronchodilator (967/35147) ——
Calcium channel blocker (668/26 355) ——
Digoxin (949/34 344) ——
Furosemide (868/33458) ——
Glaucoma eye drops (975/34972) ——
Glucocorticoid (996/35706) ——
Gastric acid suppressor (772/28535) ——
Insulin (996/36 166) ——
Levothyroxine (936/32994) ——
Neuroleptic (1019/36596) ——
Oral anticoagulant (940/34361) ——
Oral antiplatelet agent (1015/36617) ——
Oral hypoglycaemic (904/33257) ——
Statin (771/28542) ——
Cardiac surgery (312/4362) — ¢
High risk non-cardiac surgery (475/13091) —
Medium risk non-cardiac surgery (183/9565) T
Low risk non-cardiac surgery (68/10133) ®
Complete cohort (1038/37151) ——
-100 -50 0 50 100
Favours metoprolol Favours atenolol

Fig 1 Relative reduction in risk of death or myocardial infarction. Relative risk of myocardial infarction or death for patients receiving atenolol compared with patients
receiving metoproplol. A x axis value of 0 denotes the null effect, where risk with atenolol equals risk with metoprolol. Values to the right of 0 indicate a relative risk
reduction in favour of atenolol. Baseline risk in each analysis shown in parentheses as total number of events and total sample size. Complete cohort analysis appears
at the bottom, showing a 23% relative reduction in the risk of myocardial infarction or death for patients prescribed atenolol compared with patients prescribed
metoprolol (95% confidence interval 13 to 32). The designated medication subgroups exclude those receiving the corresponding agent. For example, the 15th line
shows that for the subgroup of patients not receiving furosemide, atenolol is associated with a 20% reduction in the risk of myocardial infarction or death (9 to 30)
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Fig 2 Absolute risk of death in hospital within 30 days of elective surgery.
Absolute risk of death comparing atenolol with metoprolol after surgery. Data
expressed as cumulative number of deaths per 1000 admissions on
corresponding day. P values compare death rate with atenolol relative to
metoprolol for entire interval and for consecutive 14 day intervals, using log rank
test

Limitations

Our study is not a randomised trial and so the results might be
exaggerated by hidden confounding.”’ However, we examined a
distinct situation where choosing between the two medications
would not be strongly related to the patient’s underlying severity
of illnesses, and we excluded patients with symptomatic coronary
disease. Results persisted across multiple stratified analyses
adjusting for measured characteristics. Moreover, differences in
risk were not apparent in non-cardiac outcomes (which would be
expected to reflect unmeasured characteristics) and not
apparent with cardiac surgery outcomes (which would be more
related to graft failure and other anatomic factors). Furthermore,
all the analyses are biased toward the null because of the random
miscoding inherent in large databases, potentials for non-
adherence and crossovers with drug treatment, and latent
diagnostic errors whereby some myocardial infarctions go unde-
tected in clinical practice.

Randomised trials

The ideal method to control hidden confounding is a
randomised trial, yet such data are unlikely to be soon available
for comparing different B blockers. Firstly, such trials are
awkward to conduct because they demand an enormous sample
size (n>10000 for the difference observed in this study).
Secondly, such trials are difficult to fund given that both medica-
tions are available in generic form and that grant reviewers
might not hold equipoise (to explain away our observed associa-
tion, an unmeasured factor would need to both double the odds
of prescribing metoprolol over atenolol and triple the odds of
death and myocardial infarction). Thirdly, such trials may face
recruitment difficulties since patients who are receiving and tol-
erating ongoing treatment with a p blocker may be reluctant to
stop treatment in a randomised manner. Finally, our proposed
mechanism related to inadvertent lapses leading to unintended f3
blocker withdrawal would be missed in a highly controlled
randomised trial with meticulous follow-up of patients.

Exact timing

The second large limitation of our research relates to the
absence of direct data on the exact timing of B blocker doses
while in hospital (including recently started B blockers initiated
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What is already known on this topic

B blocker medications can prevent perioperative myocardial
infarction and death

Withdrawal of  blockers can cause haemodynamic
instability and myocardial ischaemia

Lapses occur in medical care, although these are rarely
documented in clinical trials

What this study adds

Short acting B blockers (such as metoprolol) are associated
with less cardiac protection than long acting B blockers
(such as atenolol) in the perioperative setting

Switching from short acting to long acting f blocker may
prevent one myocardial infarction or death for every 165
patients with no offsetting increase in wound infection,
delirium, or other common postoperative complications

preoperatively). We do not know how many patients had their
blocker deliberately withheld around the time of surgery, but this
decision would not be expected to differ between atenolol and
metoprolol. We also have no direct evidence regarding inadvert-
ently missed doses and whether the differences between atenolol
and metoprolol were exclusively derived among appropriate
patients who did not receive adequate B blockade. Detection of
missed doses has been studied previously, requires direct obser-
vation, and is arduous to complete on a large scale.”™ Ironically,
intrusive monitoring for missed doses can be misleading when
the act of observation changes the behaviour of those being
observed.”

Missed doses of B blockers do not necessarily imply sloppy
surgical care. Postoperative confusion may lead to unwitnessed
spills, postoperative nausea may create swallowing difficulties,
postoperative ileus may cause erratic intestinal absorption, post-
operative hypotension may prompt intentionally held doses, and
postoperative aspiration may lead to temporarily stopping all
oral intake. Complex protocols contribute, such as when a
patient is scheduled for an imaging procedure, taken to the radi-
ology department, and not available for bedside care. Complex
staffing is also a factor as clinicians have to make time for breaks,
shifts, and other patients. In addition, simple errors can arise
because so many factors need attention after surgery that it
becomes easy for doctors to forget to write the order or for
patients to miss a dose at some point.

Conclusion

Our study shows that patients receiving atenolol should not
switch to metoprolol at the time of elective non-cardiac surgery.
Patients receiving metoprolol, in contrast, may wish to consider
switching to a longer acting agent (sustained release metoprolol
is available but not widely marketed yet™). In addition, anaesthet-
ists who initiate short acting p blockers during surgery may wish
to provide explicit mention in the chart so that the risk of subse-
quent B blocker withdrawal is minimised on the ward at
follow-up. To the extent that B blockers prevent ischaemia and
withdrawal of p blockers triggers ischaemia, errors in their appli-
cation will lead to commensurate increases in patient risk. Given
that lapses in clinical care are inevitable, our data imply that long
acting B blockers provide a greater margin of safety for patients
in the immediate postoperative period after elective non-cardiac
surgery.
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