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Background: Perioperative myocardial ischemia occurs in
20-40% of patients at risk for cardiac complications and is
associated with a ninefold increase in risk for perioperative
cardiac death, myocardial infarction, or unstable angina, and a
twofold long-term risk. Perioperative atenolol administration
reduces the risk of death for as long as 2 yr after surgery. This
randomized, placebo-controlled, double-blinded trial tested
the hypothesis that perioperative atenolol administration re-
duces the incidence and severity of perioperative myocardial
ischemia, potentially explaining the observed reduction in the
risk for death.

Methods: Two-hundred patients with, or at risk for, coro-
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nary artery disease were randomized to two study groups
(atenolol and placebo). Monitoring included a preoperative
history and physical examination and daily assessment of any
adverse events. Twelve-lead electrocardiography (ECG), three-
lead Holter ECG, and creatinine phosphokinase with myocar-
dial banding (CPK with MB) data were collected 24 h before
until 7 days after surgery. Atenolol (0, 5, or 10 mg) or placebo
was administered intravenously before induction of anesthe-
sia and every 12 h after operation until the patient could take
oral medications. Atenolol (0, 50, or 100 mg) was administered
orally once a day as specified by blood pressure and heart
rate.

Results: During the postoperative period, the incidence of
myocardial ischemia was significantly reduced in the atenolol
group: days 0—2 (atenolol, 17 of 99 patients; placebo, 34 of 101
patients; P = 0.008) and days 0—7 (atenolol, 24 of 99 patients;
placebo, 39 of 101 patients; P = 0.029). Patients with episodes
of myocardial ischemia were more likely to die in the next 2
yr (P = 0.025).

Conclusions: Perioperative administration of atenolol for 1
week to patients at high risk for coronary artery disease sig-
nificantly reduces the incidence of postoperative myocardial
ischemia. Reductions in perioperative myocardial ischemia
are associated with reductions in the risk for death at 2 yr. (Key
words: Beta blockade; cardiac morbidity; cardiac mortality;
myocardial infarction; surgery.)

Perioperative Cardiac Complications

SIXTY-FIVE million Americans have cardiovascular
disease, resulting in 1 million deaths per year. Of the
400,000 patients per year in the United States having
cardiac surgery and the 30 million having noncardiac
surgery, approximately 100,000 and 1.5 million pa-
tients, respectively, suffer perioperative cardiovascular
morbidity at an annual cost exceeding $20 billion."?
One approach to this problem is to identify the pre-
dictors of perioperative complications and then design
therapeutic trials to reduce the number of poor out-
comes. Recently we showed that perioperative adminis-
tration of atenolol reduced the risk of death and cardio-
vascular complications for as long as 2 yr after surgery.’
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The present investigation examined the perioperative
risk factors that may be associated with this reduction
in deaths after surgery.

The most significant perioperative risk factors for in-
hospital adverse outcome have been identified as con-
gestive heart failure, myocardial infarction within 6
months, unstable angina, left ventricular hypertrophy,
aged = 65 yr, male sex, cigarette smoking, diabetes,
hypertension, increased serum cholesterol, peripheral
vascular disease, and postoperative myocardial isch-
emia."* Although many of these risk factors are difficult
to modify, postoperative myocardial ischemia is a po-
tentially avoidable risk factor that is associated with a
ninefold increase in cardiac complications before hospi-
tal discharge and a twofold greater long-term (2 yr)
risk.”® Thus therapeutic trials aimed at mitigating isch-
emia are indicated.

Several small studies have investigated both the pro-
phylactic and therapeutic effects of nitrates, beta adren-
ergic, or calcium channel blockers on intraoperative
ischemia. The effectiveness of prophylactic nitrates is
controversial: An equal number of studies support as
refute their use during operation to blunt myocardial
ischemia.”® Calcium channel blockers have been given
prophylactically during cardiac surgery”” '’ and in cardi-
oplegic solutions,'' but they have not been shown yet
to prevent perioperative myocardial ischemia.'* Many
trials of beta blocker use demonstrate benefits in non-
surgical patients with acute myocardial infarction or
myocardial ischemia, including the ISIS-1"° (Interna-
tional Study of Infarct Survival), the MIAMI"* (Metopro-
lol In Acute Myocardial Infarction), the MAPHY " (Meto-
prolol versus thiazide diuretics in hypertension), and
the ASIST' (Atenolol Silent Ischemia Study) trials. Al-
though these trials clearly show that beta blockade is
effective in reducing cardiac complications in patients
with ambulatory ischemia and death in patients after
myocardial infarction, they do not address whether pro-
phylactic beta blockade is beneficial in the periopera-
tive period.

Prophylactic atenolol given to patients who have or
are at risk for coronary artery disease, during hospitaliza-
tion for noncardiac surgery, has been shown to reduce
deaths at 2 yr.” The present trial examined the perioper-
ative period of these patients in detail to identify a possi-
ble cause for this reduction in deaths at 2 yr. We tested
the hypothesis that prophylactic administration of the
beta blocker atenolol reduces the incidence and sever-
ity of myocardial ischemia during the first perioperative
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week, and that such reduction is associated with long-
term survival benefits.

Methods

Consent

This study was approved by the Committee for Hu-
man Research and performed with written informed
consent from all patients. Two hundred patients at high
risk for coronary artery disease who were scheduled to
undergo noncardiac surgery at the San Francisco Veter-
ans Administration Hospital were enrolled in this ran-
domized, double-blinded, placebo-controlled clinical
trial.

Study Criteria

Inclusion criteria required that patients (1) were
scheduled for elective noncardiac surgery; (2) could
sign informed consent before surgery; and (3) had defi-
nite coronary artery disease as indicated by previous
myocardial infarction, typical angina, or atypical angina
with electrocardiographic (ECG) changes indicative of
ischemia in response to exercise or scintigraphic evi-
dence of a myocardial perfusion defect; or, presence of
the risk factor of previous or current vascular surgery,
or presence of at least two of the following risk factors
(in addition to male sex): aged = 65 yr, hypertension,
current smoking, serum cholesterol level = 240 mg/dl,
or diabetes mellitus. Previous myocardial infarction was
defined as either a positive history (using the criteria
of the Coronary Artery Surgery Study'’) or ECG evi-
dence of a previous myocardial infarction (using the
Minnesota Code criteria'®). Typical angina was defined
as a history of chest pain with at least three of the
following four characteristics: substernal location, pre-
cipitation by exercise or stress, duration of < 15 min,
and resolution after rest or nitroglycerin treatment.
Atypical angina required two of these characteristics
in addition to an ischemic ECG response to exercise.
Exclusion criteria included the presence of (1) left bun-
dle branch block, (2) cardiac pacemaker dependency,
or (3) marked resting ST-T wave abnormalities that pre-
cluded ECG interpretation.® All patients scheduled to
undergo major noncardiac surgery requiring general an-
esthesia and a hospital stay, who qualified under the
inclusion and exclusion criteria, were approached for
consent. Major surgery included major vascular, intra-
abdominal, orthopedic, neurosurgical, intrathoracic,
head and neck, and plastic procedures.
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Study Evaluations

Before operation, after a detailed history and physical
examination, we obtained complete blood cell counts,
serum electrolyte levels, and 12-lead ECG with a rhythm
strip. Three-channel Holter ECG monitoring was begun
24 h before surgery and continued for 7 days after oper-
ation. Three sets of blood pressure (systolic [SBP], dia-
stolic [DBP], and mean arterial [MAP]) and heart rate
(HR) measurements were obtained during the 24 h be-
fore surgery and averaged to establish baseline measure-
ments.

Study Drug Administration

Patients were randomly assigned to one of two study
groups (atenolol and placebo) by a computer-generated
list compiled before the start of the study and retained
by the hospital pharmacy. Both oral and intravenous
preparations of active study drug (atenolol) and placebo
were prepared by the hospital pharmacy, and both
were labeled “‘study drug.”” All other beta blockers were
withheld from patients in both the atenolol and placebo
groups. On entry into the preoperative area, blood pres-
sure was recorded using an automated cuff, and five-
lead ECG monitoring (with display of leads II and V)
was begun. Administration of study drug was begun 30
min before entry into the operating room. The study
drug was delivered in two 5-ml syringes, both con-
taining 5 mg atenolol or placebo. The study drug was
withheld if the following conditions were present at
the time of administration: (1) HR < 55 beats/min, ()
SBP < 100 mmHg, (3) current evidence of congestive
heart failure, (4) third-degree heart block, or (5) an
acute episode of bronchospasm. If the none of these
conditions was present, the first syringe was infused
over 5 min. The patient was then observed for 5 min
and if none of these conditions developed, the second
syringe was infused over 5 min.

After operation, the study drug was infused in the
recovery room using the technique just described. No
time limit for minimum case length was used. For 7
days thereafter, patients received study drug every 12
h using the same technique. If the patient could take
oral medications, a tablet of atenolol (50 or 100 mg) or
placebo was given twice daily. For patients with HRs
> 65 beats/min and SBP > 100 mmHg, the 100-mg
dose was given orally; for those with HRs between 55
and 65 beats/min and SBP > 100 mmHg, the 50-mg
dose was administered; and for those with HR < 55
beats/min or SBP < 100 mmHg, the study drug tablet
was withheld. The oral study drug was administered by
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the nursing staff blinded to the patient’s study group.
Infusions of the study drug were given by research per-
sonnel blinded to the study drug and not involved in the
patient’s clinical care. The anesthesiologist providing
clinical care was not allowed to observe the study drug
infusion. Patient data were analyzed by intention to

treat, not by actual drug or amount of drug adminis-
tered.

Anesthetic Management

All patients received general anesthesia including en-
dotracheal intubation. All preoperative medications
were continued until the time of surgery, excluding
beta blockers. If the patient was receiving a beta blocker
before operation, it was discontinued and the random-
ized study drug was substituted. There were no other
protocol-based restrictions of anesthetic technique.
Postoperative analgesic management was not mandated
but consisted of intramuscular, intravenous, or epidural
administration of opiates.

Holter Electrocardiography

Patients were monitored using a three-channel AM
Holter ECG recorder (Marquette Electronics, series
8500) before operation, during operation, and for 7
days after operation. Patients were monitored for at
least 12 h after discontinuation of study drug administra-
tion. Three bipolar leads, CC5, CM5, and ML, were re-
corded using silver/silver chloride electrodes. Lead re-
sistance was tested daily, and faulty leads (resistance
greater than 5 ky) were replaced. The effect of patient
positional variation on ECG pattern was measured be-
fore the study in the supine, upright, and left and right
lateral decubitus positions.

Holter ECG data were analyzed for ST segment devia-
tion (Marquette laser Holter analysis system SXP soft-
ware version 5.8) indicative of ischemia after all abnor-
mal QRS complexes were excluded, such as ventricular
ectopic beats and beats with conduction abnormalities.
Then the ST segments were trended continuously in
three leads for the duration of the tape. The baseline
ST segment level was defined as the average ST segment
during a stable period (usually 15-60 min) preceding
each ischemic episode. All possible ischemic episodes
were reviewed independently by two investigators
blinded to patient randomization and clinical course.®
Disagreements were resolved by consensus, and if con-
sensus could not be reached, a third blinded investiga-
tor, unaware of the other two assessments, evaluated
the data.
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The ECG ischemic episodes were defined as reversible
ST segment changes lasting at least 1 min and involving
either a shift from baseline (adjusted for positional
changes) of = 0.1 mV of ST depression (with slope =
0), or a shift from baseline of = 0.2 mV of ST-T elevation
at the J-point. ST segment depression was measured 60
msec after the J-point, unless that point fell within the
T wave, in which case it was shortened to a minimum of
J +40 msec. Holter analysis was corrected for positional
variation by taking the maximum shift noted by posi-
tional changes. If positional changes during Holter
setup caused a 0.05 mV of baseline shift, then the crite-
ria for ischemia was increased by 0.05 mV. This tech-
nique decreases the sensitivity of Holter ECG detection
of ischemia, because more episodes fail to make base-
line, but it makes the results more specific. The follow-
ing parameters were measured as indications of severity
of each episode: (1) duration, (2) maximum ST change,
(3) total area-under-the-curve (defined as the integral of
ST depression in mV vs. time), and (4) heart rate (at 5
and 10 min before onset of an episode, at onset, at
maximum ST change, at offset, and at maximum heart
rate during an episode).®

Ischemic episodes were divided into twe separate
postoperative endpoints (days 0- 2 and days 0-7) speci-
fied before the study began. The choice of emphasis
on postoperative days (0-2) was guided by previous
studies'”*’ by the SPI Research Group that found that
ischemic episodes during this interval predominated
and were associated with adverse events.

Dysrbythmia Analysis

Holter ECG data were analyzed for the occurrence
of dysrhythmias using validated Marquette laser Holter
analysis system software version 5.8. Ventricular and
supraventricular ectopic complexes were identified and
counted as isolated, bigeminal cycles, couplets, and
runs. The beats in each run, beats in the longest run,
rate of the longest run, beats in the fastest run, and rate
of the fastest run were calculated. Minimum, average,
and maximum heart rate values were calculated. Totals
of each variable were calculated for the preoperative
day and each postoperative day.

Twelve-lead Electrocardiograph

Twelve-lead ECGs were obtained before operation
and daily for the first 7 days after surgery, on the 10th
and 14th days, weekly thereafter, on the day of dis-
charge, and whenever clinically indicated (by shortness
of breath, chest pain, or syncope). The ECG data were
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checked at the time of acquisition by study investigators
to determine if additional creatinine phosphokinase
(CPK) samples were warranted. All ECG data were sub-
sequently analyzed by two investigators unaware of clin-
ical data. Minnesota codes I1 or 2 were used to identify
new Q waves. Persistent changes in the ST-T waves
were identified by Minnesota codes IV or V.

Hemodynamics

Beginning 1 h before surgery and continuing until 1
h after surgery, SBP, DBP, MAP, and HR were recorded
at least every 5 min using continuous five-lead ECG
and noninvasive blood pressure monitoring. If blood
pressure was measured invasively, the intra-arterial pres-
sure was recorded as the study value. Episodes of hemo-
dynamic abnormality were defined by prespecified cri-
teria: SBP < 80 mmHg or > 180 mmHg; DBP < 50
mmHg or > 100 mmHg; HR < 50 beats/min or > 100
beats/min. An episode of hemodynamic abnormality
was defined as two sequential recordings exceeding
these limits.

Creatinine Phosphokinase with Myocardial

Banding Measurements

Blood samples were obtained on postoperative days
1 and 5 for analysis of CPK and CPK with myocardial
banding (CPK with MB). Additional CPK and CPK-MB
samples were drawn if clinical condition or ECG
changes suggested myocardial ischemia or infarction.
(As noted before, all ECGs were checked by a study
physician when obtained to determine whether addi-
tional CPK analysis was warranted.) The CPK concentra-
tions were determined using the Kodak Ektachem
(Rochester, NE) technique and CPK-MB using an Abbott
(North Chicago, IL) IMX immunoassay at the hospital
laboratory (San Francisco Veterans Administration Hos-
pital). A CPK-MB isoenzyme concentration of 0.83
mm-1 "' s (or 50 units/l) was chosen as the threshold
for biochemical evidence of myocardial infraction.®

Cardiac Adverse FEvents

All definitions of cardiac adverse events were defined
by protocol before the initiation of data collection. The
diagnosis of myocardial infarction required: (1) a CPK-
MB isoenzyme concentration greater than or equal to
threshold (0.83 mmol per liter per second [or 50 units/
liter]), and (2) either new Q waves (Minnesota Code I1
or 2), or persistent (4 days) changes in the ST-T wave
(Minnesota Code IV or V), or autopsy evidence of acute
infarction. Cardiac death was defined as death from
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dysthymia, myocardial infarction, or congestive heart
failure caused by a cardiac condition. Unstable angina
required severe precordial chest pain that was nonsurgi-
cal, lasting =30 min, unresponsive to standard thera-
peutic maneuvers (nitroglycerin and rest), and associ-
ated with transient changes in the ST segment or T-
wave without the development of Q waves or diagnos-
tic enzyme abnormalities. Congestive heart failure re-
quired symptoms or signs of pulmonary congestion
(shortness of breath and rales), signs of new left or right
ventricular failure (cardiomegaly, S3, jugular venous dis-
tention, and peripheral edema), abnormal results on
chest radiography (vascular redistribution, interstitial
edema, and alveolar edema), and a change in medica-
tion involving (at least) treatment with diuretic agents.
A diagnosis of ventricular tachycardia required five or
more consecutive beats at a rate of at least 100 beats/
min.(s..ll

The primary endpoints for the perioperative trial were
defined as the incidence and severity of myocardial isch-
emia, occurring on postoperative days 0-2, detected
using Holter ECG monitoring. Incidence was defined as
the number of patients having at least one episode of
ST segment change. Severity was defined by the six
previously described criteria.” The secondary endpoints
were the incidence and severity of myocardial ischemia
on postoperative days 0-7. Safety endpoints included
hypotension, bradycardia, bronchospasm, cardiac
death, myocardial infarction, heart failure, and life-
threatening dysrhythmia. Differences in hemodynamics
and requirements for inotropic, vasopressor, or anticho-
linergic support were recorded. Safety endpoints were
validated by two investigators blinded to patient study
group and monitoring data.

Two-year follow-up techniques were described pre-
viously,” and the same definitions and outcomes are
used for this analysis.

Statistics

Power analysis was performed before the study was
begun to determine sample size for Holter-detected
myocardial ischemia as the outcome variable. The study
was designed to have 80% power to detect a 50% reduc-
tion the incidence of myocardial ischemia detected by
Holter ECG during postoperative days 0-2. The ex-
pected incidence of myocardial ischemia in this patient
population was 40%.°

Continuous variables were compared using analysis of
variance. Results were confirmed using nonparametric
statistics (Kruskal-Wallis test) when appropriate. Inci-
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Table 1. Patient Demographics
Atenolol Placebo
No. of Patients (n =99) (n =101) P Value*
Cardiac history
Definite CAD 36 42 0.38
Previous M 18 26 0.26
Previous CABG 11 17 0.31
Previous PTCA 1 3 0.30
Typical angina 25 36 0.13
History of dysrhythmia 13 13 1.00
History of CHF 9 7/ 0.61
Cardiac risk factors
Current smoking 35 38 (0F747¢
Hypertension il 60 0.075
Cholesterol = 240 mg/dl 10 6 0.31
Diabetes mellitus 28 35 0.36
Age = 65 yr 65 743 0.22
Preoperative medications
Antidysrhythmic 0 3 0.25
[ blocker 18 8 0.0201
Atenolol 4 2 0.44
Calcium channel blocker 22 34 0.11
Diuretics 28 17 0.0421
Antihypertensive 30 19 0.0481
Digoxin 6 10 0.44
Nitrates 8 13 0.36
Age (yr) 68 + 8.6 67 + 10.2 0.11
Type of surgery
Major vascular 38 43 0.64
Intraabdominal 2 21 0.92
Orthopedic 12 15 0:57
Neurosurgical 10 8 0.59
Other 18 14 0.41

Reprinted with permission.®

CAD = coronary artery disease; Ml = myocardial infarction; CABG = coronary
artery bypass graft; PTCA = percutaneous transluminal coronary angioplasty;
CHF = congestive heart failure.

" Fisher’s Exact Test (two-tailed).
T Statistically significant at P = 0.05.

dence was compared using Fisher’s exact test (two
tailed). Survival analysis was performed with Kaplan-
Meier estimated mortality. All values are presented as
mean values = SD. A level of significance was specified
as P = 0.05 before the study began. No corrections
were done for multiple comparisons. Analyses were
performed using Statistical Analysis System software
(version 6.12; SAS Institute, Cary, NC).

Results

Demographbics
The two study groups (atenolol and placebo) had simi-
lar demographic characteristics (table 1), except for a
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Table 2. Intraoperative Hemodynamics

Atenolol Placebo
(n = 99) (n = 101) P Value*
Systolic blood pressure
80 mmHg 13 16 0.69
Systolic blood pressure
> 180 mmHg 32 42 0.19
Diastolic blood pressure
< 50 mmHg 38 37 0.88
Diastolic blood pressure
> 100 mmHg 25 31 0.43
Heart rate < 40 bpm 4 2 0.44
Heart rate < 50 bpm 38 145 0.00021
Heart rate > 100 bpm 35 54 0.019t

* Fisher's Exact Test (two-tailed).
T Statistically significant at P = 0.05.

significantly higher incidence of chronic preoperative
beta blocker and antihypertension therapy on hospital
admission in the atenolol group (table 1). The types
of operations included major vascular, intra-abdominal,
orthopedic, neurosurgical, intrathoracic, head and
neck, and other general or plastic surgery (table 1).
These population data were presented in the 2-yr fol-
low-up manuscript® but are included here for complete-
ness.

Hemodynamics

Intraoperative bradycardia (HR <50 beats/min) was
more common in atenolol-treated patients, and intraop-
erative tachycardia (HR >100 beats/min) was less com-
mon (table 2). There was no difference between groups
in the incidence of severe bradycardia (HR <40 beats/
min; table 2). There also was no difference between
groups in the administration of atropine to treat brady-
cardia, or ephedrine, phenylephrine, dopamine, or epi-
nephrine to treat hypotension (table 3).

Table 3. Intraoperative Cardiovascular Medications

Atenolol Placebo

(n = 99) (n = 101) P Value*
Dopamine 0 il 1.0
Epinephrine 0 i 1.0
Phenylephrine 5 4 0.74
Ephedrine 8 7 0.79
Atropine 2 1 0.61

* Fisher’s Exact Test (two-tailed).
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Table 4. Holter Detected Arrhythmias for Postoperative
Days 0—7

Atenolol Placebo

(mean) (mean) P Value*
Duration (s) 76,435 78,951 0.12
QRS complexes 88,573 107,819 0.0001t
Ventricular ectopics 824 979 0.61
Supraventricular

ectopics 1,234 1,386 0.72

Minimal heart rate (bpm) 50 59 0.00017
Average heart rate (bpm) 75 87 0.0001 7
Maximal heart rate (bpm) 113 130 0.0001¢t

Data are averages over postoperative days 0-7 given per 24-h recording
period.

“ANOVA.
T Statistically significant at P = 0.05.

Analysis of Dysrbythmia

Holter ECG data were available, on average, for 78%
of the 8-day recording interval (1 day before and 7 days
after operation), and all patients (200) had 48 h of post-
operative Holter data. The percentages of available and
interpretable Holter data were day 0-1, 100%; days 2 -
3, 87%; days 4-5, 68%; and days 6-7, 49%. Thus the
daily incidence data represent day 0-1, 200 patients;
days 2-3, 174 patients; days 4-5, 137 patients; and
days 6-7, 98 patients. Because some patients dropped
out of the study early, the data represent the incidence
figures for the available data. There was no difference
in the frequency of missing or unanalyzable data be-
tween the placebo and control groups.

Analysis of preoperative, intraoperative, and postop-
erative Holter ECG data did not demonstrate any sig-
nificant differences between groups for any measure
of ventricular or supraventricular ectopy, including the
number of isolated ectopic beats, bigeminal cycles, cou-
plets, runs, beats in a run, beats in the longest run,
beats in the fastest run, and the rates of the longest and
fastest runs. However, during the 7 postoperative days,
atenolol-treated patients had significantly lower mini-
mum, average, and maximum heart rates (table 7). The
number of QRS complexes in the atenolol group was
significantly lower than that in the placebo group be-
cause of a lower average heart rate.

Myocardial Ischemia

Before and during operation there were no group
differences in the incidence of myocardial ischemia (ta-
ble 5). However, patients given atenolol had a 50%
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Table 5. Incidence of Holter Detected 1 mm ST Depression
Lasting at Least 1 min

Atenolol Placebo

(n = 99) (n = 101) P Value*
Preoperative 13 12 0.79
Operative 12 18 0.26
Postoperative days 0-7 24 39 0.03t
Postoperative days 0-2 17 34 0.008t

* Fisher’s Exact Test (two-tailed).
T Statistically significant at P < 0.05.

lower incidence of myocardial ischemia during the first
48 h after operation (atenolol, 17 compared with pla-
cebo, 34 patients; P = 0.008) and a 40% lower incidence
during postoperative days 0-7 (atenolol, 24 compared
with placebo, 39 patients; P = 0.03; table 5). There
was no difference in the severity of ischemic episodes as
assessed by any of the six measures of ischemic episode
severity (table 6). Heart rate before an episode was
lower in the atenolol group (atenolol, 82 + 14 beats/
min compared with placebo, 94 + 16 beats/min; P =
0.0027), as was the maximum heart rate during an isch-
emic episode (atenolol, 100 = 20 beats/min compared
with placebo, 113 + 20 beats/min; P = 0.0043).

The association between perioperative ischemia and
mortality during the 2 yr after surgery can be seen in
figures 1 and 2. Figure 1 shows that of the 200 patients

Table 6. Severity of ST Depression Lasting at Least 1 min

Atenolol Placebo
(n = 24) (n = 39) P Value*
Total episodes (per patient
with an episode) 3.8 3.7 95617 (55
Maximal ST elevation (mV) 80720 2.5 280209
Total duration of episodes
(min) 230 + 358 282 + 369 0.59
Duration of longest episode
(min) 148 + 317 10951245 0:50
Total area under the curve
(AUC) (mV/s) 286 + 439 480 + 964 0.36
Maximal AUC (mV/s) il 2441178+ 800 ' 0.87
Heart rate prior to episode
(bpm) 82 + 14 94 + 16 0.0031
Maximal heart rate during
episode (bpm) 100 + 20 11820 0.004t

Values are mean + SD.
" ANOVA.
T Statistically significant at P = 0.05.
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enrolled in the trial, 78 (atenolol 31 and placebo 47)
had at least one episode of myocardial ischemia during
the period of recording (before, during, and after opera-
tion). Of the 78 patients who had an episode of myocar-
dial ischemia, 20 (26%) died in the next 2 yr after sur-
gery (atenolol, 6; placebo, 14). Of the 122 patients with-
out an episode of ischemia during the recording period,
16 (13%) died during the next 2 yr. An episode of myo-
cardial ischemia at any time during the perioperative
period (before, during, and after operation) increased
the incidence of death during the 2 yr after surgery (P
= 0.025). An episode of myocardial ischemia during
postoperative days 0-2 increased the relative risk of
death during the next 2 yr (relative risk = 2.06: 95%
CI = 1.04-4.00; fig. 2).

In-hospital Safety Endpoints

As expected because of low event rates, there was
no difference between the two treatment groups in
the incidence of in-hospital cardiac death (atenolol, 1
compared with placebo, 2 patients; P = 1.0), noncar-
diac death (atenolol, 3 compared with placebo, 0; P =
0.12), myocardial infarction (atenolol, 1; placebo, 2; P
= 1.0), unstable angina (atenolol, 0; placebo, 0), conges-
tive heart failure (atenolol, 9; placebo, 7; P = 0.61),
ventricular tachycardia (atenolol, 2; placebo, 3; P =
1.0), or stroke (atenolol, 4; placebo, 1; P = 0.21).

Discussion

This study shows that the incidence of postoperative
myocardial ischemia can be reduced by available (and
inexpensive) pharmacologic means. Specifically, peri-
operative atenolol administration, begun 30 min before
anesthesia is induced and continued for 7 days after
operation, reduces by 30-50% the incidence of postop-
erative myocardial ischemia and significantly reduces
heart rate before and during ischemic episodes. Safety
findings indicate that prophylactic perioperative admin-
istration of atenolol for 1 week to patients at high risk
for cardiac complications and death who are having
noncardiac surgery is safe and does not increase the
incidence of bronchospasm, hypotension, severe brady-
cardia, or dysrhythmia. Finally, patients who have at
least one episode of myocardial ischemia during the
perioperative period are more likely to die in the next
2 yr, a finding that likely explains the long-term survival
benefits we recently reported.’
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Distribution of Patients and Outcome
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Fig. 1. Distribution of patients and 2-yr sur-
vival. Patient are separated by assignment
to the atenolol or placebo groups, presence
or absence of ischemia during the preoper-
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Perioperative ST Segment Changes

What is the significance of perioperative ST changes?
The criteria used in this study are identical to those
used by Mangano et al.,° and such episodes are associ-
ated with a 2.8-fold increase in the odds of all adverse
cardiac outcomes (95% CI, 1.6-4.9) and a 9.2-fold in-
crease in the odds of a cardiac adverse event (95% CI,

Atenolol Trial Overall Mortality

2-42.0),° defined as cardiac death, nonfatal myocardial
infarction, and unstable angina during the original hos-
pitalization. Furthermore, patients with such postopera-
tive ischemic episodes have been previously shown to
have a twofold decrease in event-free survival during 2-
yr follow-up, with survival decreasing from 93% to 78%,
compared with patients with no episodes of myocardial

Ischemia (+) vs Non-ischemia Patients (Treatment and placebo combined)
* - only those patients with ischemia in the POD 0-2 period counted as ischemic

In-hospital Ischemia, N=51, 28.6 +/- 6.5

No in-hospital ischemia, N=147, 139 +/-2.9

Event Rate (%)
®

log rank p-value = 0.0179

™ T T T T T T —
0 2 4 6 8 10 12 14 16 18
MONTHS

=== Reference bound for equality (p > .05)
In-hospital Ischemia
No in-hospital ischemia
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Fig. 2. Kaplan-Meier event curves
for death. Patients were sepa-
rated into presence or absence of
ischemia during the preopera-
tive, intraoperative, or postoper-
ative recording periods. The
atenolol and placebo groups are
combined.
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ischemia.” The present study confirmed the association
between an episode of perioperative myocardial isch-
emia and reduction in 2-yr survival.

Is it possible to reduce the incidence of myocardial
ischemia? We found that perioperative atenolol given

for 1 week after operation reduces the incidence of

myocardial ischemia during administration, extending
the results of other trials that showed a reduction in
perioperative ischemia in patients given perioperative
beta blockers.***?

What is the effect of reducing the incidence of myo-
cardial ischemia? For patients not having surgery, reduc-
ing the incidence of Holter-detected myocardial isch-
emia reduces adverse outcomes.'® For patients having
surgery, episodes of myocardial ischemia are clearly as-
sociated with increases in adverse outcomes.”®?* Our
previous report of these patients documented that peri-
operative atenolol given for 1 week reduces the inci-
dence of death, cardiac death, ;md serious cardiac com-
plications in the ensuing 2 yr.> This report confirms
our earlier finding that episodes of myocardial ischemia
increase the risk for cardiac complications. It also sug-
gests that atenololinduced reductions in ischemia may
account for our observed long-term reductions in car-
diac complications and death. However, we cannot ex-
clude the possibility that other factors may also contrib-
ute to the long-term effects. Atenolol may cause a reduc-
tion in some type of myocardial injury not identified by
this study that contributes to the reduction in death at
or after 2 yr.

Sample Size

Our study was designed with sufficient power to de-
tect a difference in the incidence and severity of myo-
cardial ischemia detected by Holter ECG monitoring. It
was not designed to detect differences in in-hospital
clinical outcomes (death, myocardial infarction, unsta-
ble angina, congestive heart failure, or ventricular tachy-
cardia). The in-hospital death rate in our study popula-
tion was 3%. To have a 80% chance of detecting a 50%
reduction in an event with an incidence of 3% would
require 1,541 patients per group. Thus our finding of
no difference in in-hospital endpoints indicates merely
that no difference was detected, not the absence of a
difference.

Side Effects

There were no detectable increases in side effects
commonly associated with beta blocker use (third-de-
gree heart block, hypotension, bronchospasm, or con-
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gestive heart failure)* in our patients despite the pres-
ence of significant cardiac and pulmonary disease. The
average heart rate in the atenolol-treated group, al-
though lower than that in the control group, was not
associated with severe bradycardia. Thus patients in the
atenoloktreated group did not appear to have pro-
found*® beta blockade, yet the therapy was still effica- %D
cious. We chose the dose regimen for atenolol based 8 8
on the ISIS"* data demonstrating efficacy for preventing &
dCdth after myocardial infarction. A dose - resp(msc rcld 3

OU

blod\adc for specific subscts of patients to allow maxi- 2
mum protection with minimal side effects.

Limitations

We measured 21 preoperative historical and clinical g
variables and found a trend toward more patients with & g
preoperative hypertension in the atenolol-treated group § S
(table 1), as well as more patients treated with long-term 2
beta blockers, diuretics, and anti-hypertensive drugs. It &
is unclear if this difference implies that these patients
were more compromised or were more aggressively
managed than those in the control group.

All preoperative cardiac medications, excluding beta
blockers, were continued before operation. All long-
term preoperative beta blocker therapy was discon-
tinued and replaced by study drug. Thus beta blocker
withdrawal may have occurred in the eight patients in
the placebo group in whom preoperative beta blockade
was discontinued. However, there were no identifiable
differences in DBP, SBP, MAP, or HR during the opera-
tive period, or in Holter ECG data during the operative
and postoperative periods in these patients at risk for
beta blocker withdrawal. Further, excluding all patients
receiving preoperative beta blockade from the analysis
does not alter the results: Atenolol reduced the inci-
dence of myocardial ischemia during postoperative days
0-2 (atenolol, 9; placebo, 32; P < 0.001) and days 0-
7 (atenolol, 16; placebo, 37; P = 0.004).

Considering the long-term follow-up, in the placebo
group, one death occurred in the 2 yr after surgery
among the eight patients (13%) taking long-term beta-
blockers, and 11 deaths occurred among the 91 patients
(11%) not taking beta-blockers. For the atenolol group,
1 of 18 patients (6%) receiving beta-blockers, compared
with 3 of 75 patients (4%) not receiving beta-blockers,
died. These findings suggest that beta-blocker discontin-
uation in the placebo group patients did not confound
the results.

oU}SOUE/WO0D"JIBYDIBA|IS ZE.!
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Heart rate before an episode of ischemia was lower
in the atenolol group (atenolol, 82 beats/min; placebo,
94 beats/min; P = 0.003; table 7). The minimum, aver-
age, and maximum HRs during the entire postoperative
week were also lower in the atenolol group (table 5).
These findings could suggest several hypotheses. (1)
Atenolol lowers the HR at which patients become isch-
emic. This hypothesis is unlikely given the long-term
survival benefits of beta-blockers.'* '**” (2) Fifty per-
cent or more of ischemic episodes are independent of
HR. (3) The present atenolol dose regimen failed to
reduce HR enough to suppress all rate-dependent isch-
emia. (4) The reduced HR observed before ischemic
episodes is merely an artifact of lower heart rates in
one study group. Nonetheless, atenolol effectively re-
duced the incidence of myocardial ischemia in the first
postoperative week.

Conclusions

Perioperative administration of atenolol for 1 week
to noncardiac surgical patients at high risk for cardiac
morbidity is safe and reduces the incidence of in-hospi-
tal postoperative myocardial ischemia. Patients without
episodes of ischemia had lower rates of death at or after
2 yr. Thus our observed reductions in perioperative
ischemia may explain the reductions in death at 2 yr
and cardiac complications by perioperative atenolol ad-
ministration.

The authors thank the investigators of the Ischemia Research and
Education Foundation who contributed to the design, analysis, and
publication of this manuscript, and Winifred Von Ehrenburg for edito-
rial assistance.
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