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THE EFFECTIVENESS AND SAFETY

of perioperative �-blockade for
patients undergoing noncar-
diac surgery remains contro-

versial.1 Class I recommendations in the
current American Heart Association/
American College of Cardiology Foun-
dation (AHA/ACCF) Guidelines on Peri-
operative Evaluation and Care for
Noncardiac Surgery remain limited to
continuation of preexisting �-blockade.2

Givenmedical andethical concerns re-
garding withdrawal of patients from pre-
existing �-blockade and the expense of
conducting randomized clinical trials
powered to determine effects on peri-
operative outcomes, observational analy-
ses have been used to aid in clinical de-
cision making regarding perioperative
�-blockade. However, observational
analyses have been largely limited by
single-center data or by an inability to
capture data from the actual periopera-
tive period. Lindenauer et al,3 using a
managed care administrative database,
reported a large multicenter analysis of
in-hospital perioperative �-blockade, re-
lating exposure to �-blockers during the
first 2 days of hospitalization to in-
hospital mortality. Using propensity
matching and subclassification on the re-
vised Cardiac Risk Index (CRI) predic-
tors, an association of perioperative
�-blockade with a lower rate of mortal-
ity was demonstrated in patients with 2
or more predictors.4 In those with none
or only 1 predictor, treatment was asso-
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Importance The effectiveness of perioperative �-blockade in patients undergoing
noncardiac surgery remains controversial.

Objective To determine the associations of early perioperative exposure to �-block-
ers with 30-day postoperative outcome in patients undergoing noncardiac surgery.

Design, Setting, and Patients A retrospective cohort analysis evaluating exposure
to �-blockers on the day of or following major noncardiac surgery among a population-
based sample of 136 745 patients who were 1:1 matched on propensity scores (37 805
matchedpairs) treatedat104VAmedical centers fromJanuary2005throughAugust2010.

Main Outcomes and Measures All cause 30-day mortality and cardiac morbid-
ity (cardiac arrest or Q-wave myocardial infarction).

Results Overall 55 138 patients (40.3%) were exposed to �-blockers. Exposure was
higher in the 66.7% of 13 863 patients undergoing vascular surgery (95% CI, 65.9%-
67.5%) than in the 37.4% of 122 882 patients undergoing nonvascular surgery (95%
CI, 37.1%-37.6%; P� .001). Exposure increased as Revised Cardiac Risk Index fac-
tors increased, with 25.3% (95% CI, 24.9%-25.6%) of those with no risk vs 71.3%
(95% CI, 69.5%-73.2%) of those with 4 risk factors or more exposed to �-blockers
(P� .001). Death occurred among 1.1% (95% CI, 1.1%-1.2%) and cardiac morbid-
ity occurred among 0.9% (95% CI, 0.8%-0.9%) of patients. In the propensity matched
cohort, exposure was associated with lower mortality (relative risk [RR], 0.73; 95%
CI, 0.65-0.83; P� .001; number need to treat [NNT], 241; 95% CI, 173-397). When
stratified by cumulative numbers of Revised Cardiac Risk Index factors, �-blocker ex-
posure was associated with significantly lower mortality among patients with 2 fac-
tors (RR, 0.63 [95% CI, 0.50-0.80]; P� .001; NNT, 105 [95% CI, 69-212]), 3 factors
(RR, 0.54 [95% CI, 0.39-0.73]; P� .001; NNT, 41 [95% CI, 28-80]), or 4 factors or
more (RR, 0.40 [95% CI, 0.25-0.73]; P� .001; NNT, 18 [95% CI, 12-34]). This as-
sociation was limited to patients undergoing nonvascular surgery. �-Blocker exposure
was also associated with a lower rate of nonfatal Q-wave infarction or cardiac arrest
(RR, 0.67 [95% CI, 0.57-0.79]; P� .001; NNT, 339 [95% CI, 240-582]), again lim-
ited to patients undergoing nonvascular surgery.

Conclusions and Relevance Among propensity-matched patients undergoing non-
cardiac, nonvascular surgery, perioperative �-blocker exposure was associated with lower
rates of 30-day all-cause mortality in patients with 2 or more Revised Cardiac Risk Index
factors. Our findings support use of a cumulative number of Revised Cardiac Risk Index
predictors in decision making regarding institution and continuation of perioperative �-block-
ade. A multicenter randomized trial involving patients at a low to intermediate risk by
these factors would be of interest to validate these observational findings.
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ciated with no difference or a higher rate
of mortality. However, this analysis was
limited by inability to account for out-
patient medication use, the type of
�-blocker, and uncertainty regarding
the date of surgery and has not been
corroborated in another large clinical
data set.

Recent evidence suggests that use of
perioperative �-blockade may be de-
clining.5 Contributing factors may in-
clude uncertainty about safety and re-
cent data questioning the efficacy of
long-term � blockade in stable outpa-
tients.6,7 Thus, additional multicenter
analyses of associations of periopera-
tive �-blockade with outcome are
timely and potentially relevant to cli-
nicians and regulatory agencies pro-
moting perioperative quality and safety
efforts.

Using system-wide databases in the
Veterans Health Administration (VHA),
we conducted a propensity-matched
analysis using a robust set of clinical
predictor, process, medication, and out-
come variables to model the associa-
tion of perioperative �-blockade with
all-cause 30-day mortality and cardiac
morbidity in a contemporary cohort of
patients undergoing major noncar-
diac surgery.

METHODS
This study was approved by the VHA’s
Office of Patient Care Services and all
responsible institutional review boards
with waiver of informed consent. Race/
ethnicity was coded to be white, black,
or other using patient self-reported data
obtained from the VA Surgical Qual-
ity Improvement Program (VASQIP).
Perioperative risk, process and out-
come data from patients undergoing
noncardiac surgical procedures in 7 sur-
gical subspecialties (vascular, general,
neurosurgery, orthopedics, thoracic,
urology, and otolaryngology) be-
tween October 1, 2005, and Septem-
ber 30, 2010, were obtained from the
VASQIP database. Data collection meth-
ods, variable definitions, and interob-
server agreement with abstracted chart
data for the VASQIP program have been
reported.8,9

Data were linked with outpatient and
inpatient pharmacy records for �-block-
ers and other commonly prescribed car-
diovascular medications captured by the
VHA Pharmacy Benefits Management-
Strategic Healthcare Group (PBM-
SHG). Since 1998 the PBM-SHG has
maintained a system-wide electronic da-
tabase of all outpatient prescriptions
filled at VHA pharmacies.10 In 2001, an
inpatient database was instituted.11 We
collected prescription data in 24 VA Na-
tional Formulary Drug Classes from
both of these databases (eTable 1 avail-
able at http://www.jama.com).

We supplemented our data set with
International Classification of Diseases,
Ninth Revision, Clinical Modification dis-
charge and treatment codes extracted
from the VHA Outpatient Care and Pa-
tient Treatment Files for inpatient medi-
cal admissions administrative data-
bases, within 1 year of each assessed
surgical procedure12 (eTable 2). These
data provided additional risk vari-
ables that we considered covariates in
treatment allocation for �-blocker
therapy.

Using these databases, we classified
the 6 revised Cardiac Risk Index com-
ponent variables: high-risk surgery,
cerebrovascular disease, ischemic heart
disease, congestive heart failure,
diabetes mellitus, and renal insuffi-
ciency3,4 (eTable 3).

Our primary outcome was all-cause
mortality and the secondary outcome
a composite of Q-wave myocardial in-
farction (MI) or nonfatal cardiac ar-
rest assessed at 30 days after surgery.
We also categorized the incidence of
new cerebrovascular accident, given its
association with �-blocker administra-
tion in the Perioperative Ischemic
Evaluation (POISE) study.6

We excluded patients not admitted on
the day of, or hospitalized for the day af-
ter surgery (defined as postoperative day
0 and 1) and those dying on either of
those days (landmark analysis). The data
set was truncated at either end to allow
comparable periods of preoperative phar-
macy and postoperative outcome analy-
sis. We randomly selected 1 surgical pro-
cedure per patient. The resulting cohort

was then linked with the PBM-SHG and
administrativedatabasesusingscrambled
Social Security numbers. We imputed
missing values for preoperative labora-
tory values and body mass index using
multiple imputation.13,14 Imputed val-
ues were constrained within plausible
ranges. The frequency of missing val-
ues for physiologic data ranged from
2.3% to 32.4% (average, 16.9%), whereas
for the process variables, it was negli-
gible (1-4 patients). Serum creatinine
concentration (missing in 3% of pa-
tients) was not imputed (eTable 3). We
eliminated 193 patients (0.14%) from the
propensity matching process with miss-
ing categorical variables used in the re-
gression model (described below).

�-Blocker exposure from the inpa-
tient pharmacy database was defined as
any prescription ordered on either post-
operative day 0 or 1. Intraoperative or
nonelectronically ordered medica-
tions are not captured by PBM-SHG and
therefore were not considered. Dose and
duration of therapy are not currently
approved for research use from the in-
patient database.

We extracted prescriptions from the
outpatient pharmacy database within 90
days of hospital admission, coding in-
dicator variables for availability of medi-
cation at several periods (90, 60, 30, and
7 days preoperatively). The propor-
tion of days covered by �-blocker pre-
scription (in the 90-day preoperative
window), was used in supplementary
analyses.15 We made no attempt to cat-
egorize users a priori as acute or long-
term given the lack of data on the
indications for the prescription.
�-Blockers were coded into the follow-
ing categories: atenolol, carvedilol,
metoprolol tartrate, metoprolol succi-
nate, and others. Combination antihy-
pertensives were coded by the �-blocker
component. Similar methods were used
for drugs ordered after the 2-day ex-
posure period until the time of hospi-
tal discharge for descriptive analyses.

Statistical Analysis

To control for treatment-selection bias,
we performed a propensity-score
matched analysis.16 To avoid immor-
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tal time bias, we performed a land-
mark analysis, eliminating patients who
died or sustained 1 of the composite
morbidity outcomes during the expo-
sure period.17 A propensity score was
estimated using a nonparsimonious lo-
gistic regression model (omitting any
preoperative �-blocker use variables;
eTable 4 available at http://www.jama
.com). To adjust for possible regional
differences in �-blocker usage, we in-
cluded a dummy variable for each of the
VHA’s 21 geographical regions in which
the surgery was performed. �-Blocker
exposure was regressed on risk or pro-
cess variables that we considered re-
lated to �-blocker exposure or out-
come with a prevalence in the data set
of at least 1% (eTable 4).

Propensity-score matching (1:1) was
conducted using previously described
methods.18 Pairs of �-blocker exposed
and nonexposed patients were matched
using a greedy matching algorithm with
a caliper width of 0.2 standard devia-
tion of the log odds of the estimated
propensity score.19 To accommodate
subanalyses of the type of surgery (vas-
cular vs nonvascular) and estimated car-
diac risk (cumulative number of Re-
vised Cardiac Risk Index predictors),
patients were also matched on these
factors. Covariate balance between
matched pairs for continuous and di-
chotomous categorical variables was as-
sessed using the standardized differ-
ence, with values of less than 10%
indicating minimal imbalance.20 The
use of interaction terms between co-
variates to minimize the standardized
difference was explored iteratively. The
McNemar test was used to compare the
frequency of the primary and second-
ary outcomes between the matched
groups.21 Relative risks (RRs) were com-
puted using methods appropriate for
paired data and are presented with their
95% CIs.21 Numbers needed to treat
(NNT) were calculated as the inverse
of the absolute risk reduction esti-
mated in the propensity-score matched
sample.

To evaluate associations of long-
term and acute �-blocker use with out-
come, we performed sensitivity analy-

ses: first, an indicator variable for
outpatient �-blocker use within a week
of surgery was included in the propen-
sity-score regression; second, the per-
cent of time covered within the 90-
day preadmission period and the type
of �-blocker were included with ap-
propriate interaction terms. Using our
matched data set, we also compared pri-
mary and secondary outcome frequen-
cies between patients with new pre-
scriptions within 7 days or 30 days prior
to surgery relative to those with exist-
ing prescriptions in the 60 or 90-day
time periods.

To evaluate associations of the com-
ponents of the revised Cardiac Risk In-
dex with outcome, we regressed the 6
components, along with the propen-
sity score and �-blocker exposure, on
postoperative mortality using the full co-
hort. Model discrimination and calibra-
tion were assessed using the C index and
the Hosmer-Lemeshow goodness-of-
fit statistic, respectively. We then exam-
ined mortality rates between exposed
and nonexposed patients using paired
t tests for each of the possible 64 com-
binations of Revised Cardiac Risk In-
dex strata in the matched cohort.

To evaluate associations of potential
�-blocker withdrawal, including differ-
encesbetween the2most commonlypre-
scribed �-blockers (metoprolol tartrate
or metoprolol succinate vs atenolol), we
categorized potential patterns of drug use
in patients receiving either of these drugs,
considering continuation or with-
drawal from outpatient therapy during
the 2-day exposure period. The associa-
tion of these patterns with our primary
outcome, stratified by vascular vs non-
vascular surgery, was evaluated using lo-
gistic regression. We also assessed asso-
ciations between either drug class and the
Revised Cardiac Risk Index predictors.

Continuous and categorical vari-
ables were compared using paramet-
ric or nonparametric methods as ap-
propriate. The Mantel-Haenszel �2 test
was used to test for trends. All P val-
ues were 2-tailed and a value of .05 was
considered significant. SAS software,
version 9.2 (SAS Institute Inc) was used
for the analysis.

RESULTS
The initial VASQIP cohort consisted of
334 130 patients. We excluded 197 385
patients following adjustment for sur-
gery on the day of hospital admission
(n=106 097), length of stay criteria
(n=53 046; including 285 patients dy-
ing during the exposure period),
exclusion of multiple surgeries
(n=16 904), truncation of the data set
by the initial 90 and last 30 days
(n=10 119) and combinations of the
aforementioned (n=11 219). Thus, the
final cohort consisted of 136 745 pa-
tients at 104 VHA hospitals. Selected
demographic and clinical characteris-
tics of the study cohort, before and af-
ter propensity-score matching, are pre-
sented in TABLE 1; all variables used in
the modeling process are presented in
eTable 5.

Analyses of �-Blocker Exposure

Overall, 45 347 patients (33.2%) had
an active outpatient prescription for
�-blockers within 7 days of surgery
and 55 138 patients (40.3%) were
potentially exposed to �-blockers on
either postoperative day 0 or 1. Com-
pared with nonexposed patients,
exposed patients were older and had a
higher burden of cardiovascular and
related comorbidities; 75.4% had sig-
nificantly greater use of �-blockers
during the 90-day preoperative period
(95% CI, 75.0%-75.8%) vs 13.6% of
those who were not exposed (95% CI,
13.4%-13.8; P�.001; Table 1 and eTable
5). Of patients exposed on postopera-
tive day 0 or 1, 66.1% had an active pre-
scription covering the week before sur-
gery, whereas only 2.4% of patients had
a new prescription issued in that pe-
riod (TABLE 2). Inpatient �-blocker ex-
posure was higher in the 66.7% of 13 863
patients who underwent vascular sur-
gery (95% CI, 65.9%-67.5%) than in the
37.4% of 122 882 patients who under-
went nonvascular surgery (95% CI,
37.1%-37.6%; P� .001). The rate of use
increased with increasing Revised Car-
diac Risk Index variables: 25.3% for no
factors (95% CI, 24.9%-25.6%) vs 71.3%
for 4 or more factors (95% CI, 69.5%-
73.2%; P� .001; eFigure 1A). Over the
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5 years studied, there was a modest, but
significant, trend toward lower �-blocker
exposure: 43.5% (95% CI, 42.8%-
44.2%) during fiscal-year 2006 and
36.2% (95% CI, 35.7%-36.8%) during
fiscal year 2010 (P� .001; eFigure 1B).

Metoprolol tartrate was the most com-
monly prescribed preoperative outpa-
tient �-blocker (37.0% of exposed pa-
tients) followed by atenolol (26.9% of
exposed patients). Metoprolol tartrate
was the most commonly ordered inpa-

tient �-blocker (62.5% of oral prescrip-
tions, 67.2% of intravenous prescrip-
tions) during the exposure period,
followed by atenolol (24.4% of oral
prescriptions, 0.2% of intravenous
prescriptions; Table 2).

Table 1. Selected Study Cohort Characteristicsa

Variables

Full Cohort Matched Cohort

Percentage of Patients

P
Value

Percentage of Patients

P
Value

All
(n = 136 745)

Exposed
(n = 55 138)

Not Exposed
(n = 81 607)

All
(n = 75 610)

Exposed
(n = 37 805)

Not Exposed
(n = 37 805)

Age, mean (SD), y 64.4 (10.2) 65.3 (9.9) 61.3 (11.5) �.001 62.9 (11.1) 64.4 (10.0) 64.4 (10.4) .60

Race
White 66.4 67.5 65.1 �.001 66.1 66.5 66.3 .27

Sex
Men 96.3 96.9 94.1 �.001 95.3 96.3 96.3 .92

Body mass index, mean (SD)b 29.3 (5.7) 29.3 (5.7) 28.8 (5.5) �.001 29.0 (5.6) 29.3 (5.6) 29.2 (5.7) 0.09

Preoperative risk variables
ASA physical status classification

I 0.1 0.1 1.3 0.8 0.2 0.1

II 16.6 12.5 29.8 22.8 16.8 16.4

III 74.4 75.7 63.5 �.001 68.4 74.0 74.8 .07

IV 8.7 11.6 5.3 7.8 8.9 8.6

V 0.1 0.1 0.1 0.1 0.1 0.1

Revised Cardiac Risk Index variables
Congestive heart failure 9.8 15.2 5.3 �.001 9.3 10.2 9.4 �.001

Cerebrovascular disease 10.0 12.2 6.6 �.001 8.8 10.2 9.9 .2

Diabetes (insulin) 10.4 12.5 6.5 �.001 8.9 10.3 10.4 .7

Diabetes (insulin or oral) 27.5 30.7 19.1 �.001 23.8 27.5 27.5 .99

Ischemic heart disease 28.0 42.9 14.7 �.001 26.1 28.2 27.7 .16

High-risk surgery 40.4 40.9 35.9 �.001 37.9 39.5 41.2 �.001

Renal insufficiency 3.2 4.2 1.9 �.001 2.8 3.3 3.1 .11

Laboratory measurements, mean (SD)
Serum creatinine, mg/dL 1.2 (0.8) 1.2 (0.8) 1.1 (0.6) �.001 1.1 (0.7) 1.2 (0.8) 1.2 (0.8) �.001

Hematocrit, % 41.0 (8.8) 40.8 (4.9) 41.5 (4.6) �.001 41.2 (4.7) 41.0 (8.8) 41.0 (8.8) .74

White blood cell count, �103/�L 7.9 (3.9) 8.0 (3.6) 7.8 (3.8) �.001 7.9 (3.7) 7.9 (3.5) 8.0 (4.3) .6

Surgical details
Surgery specialty

General 26.6 26.1 24.3 25.0 26.1 27.0

Neurosurgery 8.6 7.9 10.2 9.3 8.8 8.4

Orthopedic 28.7 25.9 33.5 30.5 29.3 28.1

Otolaryngology 4.0 3.6 4.5 �.001 4.1 4.0 4.0 .002

Thoracic 6.9 7.2 5.1 5.9 6.8 7.0

Urology 14.6 12.5 16.7 15.0 14.4 14.8

Vascular 10.6 16.8 5.7 10.1 10.6 10.6

Emergency procedure 6.4 6.2 6.6 .006 6.4 6.3 6.5 .5

Laparoscopic procedure 10.8 10.7 10.1 �.001 10.4 10.6 11.0 .04

Endovascular procedure 1.5 2.6 0.8 �.001 1.5 1.5 1.5 .76

Duration of surgery, mean (SD), h 2.8 (1.7) 2.89 (1.7) 2.73 (1.7) �.001 2.8 (1.7) 2.8 (1.7) 2.8 (1.7) .74

Principal anesthesia technique
General 89.2 89.3 88.9 89.1 89.0 89.4

Spinal/epidural alone 8.9 8.6 9.3 �.001 9.0 9.0 8.7 .28

Other 1.9 2.1 1.8 1.9 1.9 1.9
Abbreviations: ASA, American Society of Anesthesiologists.
SI conversion factors: To convert creatinine from mg/dL to �mol/L, multiply by 88.4.
aA complete list of variables is available in eTable 5 (http://www.jama.com).
bBody mass index is calculated as weight in kilograms divided by height in meters squared.
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Table 2. Medication Data

Variables

Full Cohort Matched Cohort

Percentage of Patients

P
Value

Percentage of Patients

P
Value

All
(n = 136 745)

Exposed
(n = 55 138)

Not Exposed
(n = 81 607)

All
(n = 75 610)

Exposed
(n = 37 805)

Not Exposed
(n = 37 805)

Preoperative or inpatient medications
ACE-I/ARB 43.1 54.7 35.3 �.001 49.6 49.5 49.6 .91
Diuretic 43.1 54.4 35.4 �.001 51.1 51.2 51.0 .64
CEB-dihydropyridine 19.5 24.9 15.9 �.001 23.2 23.3 23.1 .61
CEB-nondihydropyridine 6.6 7.3 6.2 �.001 7.7 7.6 7.8 .41
Clonidine 3.5 4.8 2.6 �.001 4.2 4.1 4.2 .96
Other antihypertensive 7.2 11.9 4.0 �.001 7.9 8.0 7.5 .01
Anticoagulant/antiplatelet 75.7 84.3 69.9 �.001 80.3 80.3 80.3 .98
Antilipemic agent 53.9 67.2 45.0 �.001 59.6 59.6 59.5 .66
Digoxin 5.0 7.5 3.2 �.001 5.7 5.8 5.6 .13
Oral hypoglycemic 18.9 24.2 15.3 �.001 21.9 21.9 21.9 .91
Rosiglitazone 1.6 2.2 1.2 �.001 1.9 1.9 1.8 .31
Insulin 16.4 22.8 12.0 �.001 19.1 19.9 18.3 �.001
Bronchodilator 23.7 28.0 20.8 �.001 25.8 25.9 25.7 .47

�-Blocker usage outpatients parameters
90 d prior 38.5 75.4 13.6 �.001 46.9 71.8 22.0 �.001
7 d prior 33.2 66.1 10.9 �.001 40.3 62.8 17.8 �.001
New within 7 d prior 1.2 2.4 0.4 �.001 1.6 2.5 0.6 �.001
Type �-blocker outpatient within 90 d prior

Atenolol 14.1 26.9 5.4 18.2 28.3 8.1
Metoprolol tartrate 18.5 37.0 6.1 21.9 33.4 10.5
Metoprolol succinate 2.5 5.0 0.8

�.001
2.7 3.9 1.4

�.001
Carvedilol 1.6 3.1 0.6 1.7 2.2 1.1
Other 1.8 3.5 0.7 2.4 4.0 0.9
No use 61.5 24.6 86.5 53.1 28.2 78.0

�-Blocker use day of surgery 33.7 83.6 0 �.001 41.5 83.0 0.0 �.001
Inpatient type �-blocker exposure period, unit dose

Atenolol 24.4 24.4 0.0 26.9 26.9 0.0
Metoprolol tartrate 62.5 62.5 0.0 60.7 60.7 0.0
Metoprolol succinate 4.1 4.1 0.0 �.001 3.4 3.4 0.0 �.001
Carvedilol 3.0 3.0 0.0 2.3 2.3 0.0
Other 6.0 6.0 0.0 6.7 6.7 0.0

Inpatient type �-blocker exposure period, intravenous dose
Atenolol 0.2 0.2 0.0 0.3 0.3 0.0
Metoprolol tartrate 67.2 67.2 0.0 �.001 72.6 72.6 0.0 �.001
Other 32.6 32.6 0.0 27.1 27.1 0.0

Inpatient �-blocker use prior to discharge 21.3 36.3 11.2 �.001 25.8 33.5 18.2 �.001
Inpatient type �-blocker prior to discharge

Atenolol 3.5 6.4 1.5 4.4 6.3 2.5
Metoprolol tartrate 15.4 25.7 8.5 18.6 23.6 13.6
Metoprolol succinate 0.8 1.5 0.3

�.001
0.8 1.1 0.5

�.001
Carvedilol 0.6 1.1 0.3 0.7 0.8 0.6
Other 1.0 1.6 0.6 1.3 1.6 0.9
No additional prescriptions 78.7 63.7 88.8 74.2 66.5 81.8

Postdischarge use, 30 d 75.3 39.3 14.9 �.001 48.0 72.6 23.3 �.001
Postdischarge type �-blocker, 30 d

Atenolol 3.5 25.4 4.9 17.0 26.8 7.2
Metoprolol tartrate 20.6 39.0 8.1 24.6 36.3 12.9
Metoprolol succinate 2.3 4.7 0.7

�.001
2.5 2.7 1.3

�.001
Carvedilol 1.5 2.9 0.6 1.6 2.1 1.1
Other 1.7 3.3 0.6 2.2 3.7 0.8
No use 60.7 24.7 85.1 52.0 76.7 27.4

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASA, American Society of Anesthesiologists; CEB, calcium entry blocker.
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Primary and Secondary
Outcomes
Overall, 1568 patients (1.1%) sus-
tained the primary 30-day mortality
outcome and 1196 patients (0.9%) the
secondary cardiac morbidity out-
come. Unadjusted primary outcomes
occurred in 1.4 % (95% CI, 1.3%-
1.5%) of exposed patients vs 1.0% (95%
CI, 0.9%-1.1%) of unexposed pa-
tients. Primary and secondary out-
comes occurred more frequently in pa-
tients exposed to �-blockers (mortality
in those exposed, 1.4% [95% CI, 1.3%-
1.5%] vs those unexposed, 1.0% [95%
CI, 0.9%-1.1%], cardiac morbidity of
those exposed, 1.2% [95% CI, 1.1%-
1.3%] vs those unexposed, 0.7% [95%
CI, 0.6%-0.7%]; P � .001 for both) and
occurred more frequently in those ex-
posed who underwent vascular sur-
gery than those who underwent non-
vascular surgery (vascular surgery
mortality, 1.6% [95% CI, 1.4%-1.8%]
vs nonvascular surgery, 1.1% [95% CI,
1.0%-1.2%]; vascular surgery cardiac
morbidity, 1.6% [95% CI, 1.4%-1.8%]
vs nonvascular surgery cardiac morbid-
ity, 0.8% [95% CI, 0.7%-0.8%]; P �.001
for both); and occurred more fre-
quently in patients with increasing num-
ber of Revised Cardiac Index Risk pre-
dictors (TABLE 3 and eFigure 2A and B).

Patients sustaining a secondary out-
come were at markedly elevated risk of
mortality compared with those who did
not (571 deaths [47.7%] vs 997 deaths
[0.7%]; odds ratio [OR], 123 [95% CI,
108-140]; P� .001). Stratification by

�-blocker exposure revealed that ex-
posed patients had a slightly lower, but
still markedly elevated, risk of mortal-
ity following a secondary outcome (OR,
93 [95% CI, 78-112] vs OR, 161 [95%
CI, 133-195]; P� .001 for both), with
a similar pattern for patients undergo-
ing vascular surgery or when analyzed
by cumulative Revised Cardiac Risk In-
dex factors.

Following 1:1 propensity matching,
we obtained 37 805 matched pairs for the
primary mortality model, a match rate
of 68.5% for exposed patients. Follow-
ing exclusion of an additional 317 pa-
tients from the original cohort who had
sustained a secondary outcome during
the exposure period and rematching, we
obtained 37 662 matched pairs for the
secondary cardiac morbidity analysis.
The distribution of covariates, �-blocker
usage parameters and outcomes be-
tween matched pairs in the primary out-
come analysis are presented in Table 1
and eTable 5. The groups were well bal-
anced with standardized differences of
less than 10% for all continuous and di-
chotomous categorical variables (eTable
6 available at www.jama.com).

In the matched cohort, a lower rate
of mortality was observed in the
exposed group (relative risk [RR],
0.73 [95% CI, 0.65-0.83]; P� .001;
NNT, 241 [95% CI, 173-397] ;
FIGURE 1A and eTable 7). Stratifica-
tion by revised Cardiac Risk Index vari-
ables revealed a lack of association with
none or 1 revised Cardiac Risk Index
factor. However, significant associa-

tions of �-blocker exposure with lower
mortality were noted in patients with
2 Revised Cardiac Risk Index factors
(RR, 0.63 [95% CI, 0.50-0.80]; P� .001;
NNT, 105 [95% CI, 69-212], 3 factors
(RR, 0.54 [95% CI, 0.39-0.73]; P� .001;
NNT , 41 [95% CI, 28-80]), or 4 fac-
tors or more (RR, 0.40 [95% CI, 0.25-
0.73]; P� .001; NNT , 18 [95% CI, 12-
34]. When stratified by type of surgery,
no significant associations were noted
in patients undergoing vascular sur-
gery, regardless of the Revised Car-
diac Risk Index strata (Figure 1B and
eTable 7). The distribution of study co-
variates between the matched patients
in the risk strata with significant asso-
ciations (eg, 2 or more Revised Car-
diac Risk Index factors) revealed simi-
lar balance as in the overall cohort,
albeit at a higher preoperative risk pro-
file than in those patients with fewer
than 2 risk factors (eTable 8).

Considering the secondary cardiac
morbidity outcome, �-blocker expo-
sure was associated with a signifi-
cantly lower rate of cardiac complica-
tions (RR, 0.67 [95% CI, 0.57-0.79];
P � .001; NNT, 339 [95% CI, 240-
582]; FIGURE 2A and eTable 9). Strati-
fied by Revised Cardiac Risk Index
factors, significant associations of
�-blocker exposure to rates of cardiac
complications were noted in patients
with 2 or 3 Revised Cardiac Risk
Index factors only (Figure 2A and
eTable 9). In the vascular surgery sub-
group, no significant associations were
present (Figure 2B and eTable 9).

Table 3. Postoperative Outcomes

Variables

Full Cohort Matched Cohort

Percentage of Patients

P
Value

Percentage of Patients

P
Value

All
(n = 136 745)

Exposed
(n = 55 138)

Not Exposed
(n = 81 607)

All
(n = 75 610)

Exposed
(n = 37 805)

Not Exposed
(n = 37 805)

30-d All-cause mortality 1.1 1.4 1.0 �.001 1.3 1.1 1.5 �.001

Cardiac complications
Cardiac arrest 0.6 0.8 0.4 �.001 0.7 0.6 0.7 .01

Q-wave myocardial infarction 0.3 0.5 0.3 �.001 0.4 0.3 0.5 �.001

Composite cardiac complication 0.9 1.2 0.7 �.001 1.0 0.8 1.2 �.001

Cerebrovascular accident 0.3 0.4 0.2 �.001 0.4 0.4 0.3 .45

Total surgical LOS, median (IQR), d 4 (3-7) 4 (3-7) 4 (3-6) �.001 4 (3-7) 4 (3-7) 4 (3-7) 0.25

Total hospital LOS, median (IQR), d 4 (3-7) 5 (3-7) 4 (3-7) �.001 4 (3-7) 4 (3-7) 4 (3-7) 0.80
Abbreviation: LOS, length of stay.
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Substitution of the secondary Re-
vised Cardiac Risk Index definition for
diabetes based on treatment with oral

hypoglycemic medications, insulin, or
both (eTable 3) significantly in-
creased the number of patients coded

as having diabetes (23.7% [95% CI,
23.5%-24.0%]) relative to those with
diabetes (8.9% [95% CI, 8.7%-9.0%];
P� .001) base on the primary defini-
tion. However, it resulted in a similar
match rate in the propensity model
(37 856 matched pairs) with no differ-
ences within any of the strata from the
model using the primary definition
(eTables 10 and 11).

Sensitivity and Exploratory
Medication Analyses

Sensitivity analyses incorporating pre-
hospital admission �-blocker use in the
propensity model did not alter the re-
sults for mortality (eTables 12-14). Post
hoc comparisons of the primary and
secondary outcomes between patients
classified as either acute or chronic us-
ers again revealed results consistent
with the primary analysis (eTable 15).

Based on absence of reordering of an
outpatient preoperative prescription
during the exposure period, we de-
tected 8911 patients (6.5%) of the
136 745 patients who had potentially
withdrawn from �-blockers. These pa-
tients were noted to be at higher risk
of mortality than the 36 436 patients
who continued treatment (OR, 1.60
[95% CI, 1.34-1.91]; P � .001) and
higher than the 72 696 patients with no
prior preoperative use or exposure (OR,
2.30 [95% CI, 1.93-2.70]; P� .001).
However, when compared with 18 702
patients who were exposed to treat-
ment with no prior use, no significant
difference was noted (OR, 1.15 [95%
CI 0.95-1.38]; P=.15).

Comparisons of mortality among pa-
tients receiving metoprolol (tartrate or
succinate) vs atenolol prior to surgery
and the effects of their withdrawal are
presented in eTable 16. Mortality was
significantly lower in the atenolol group
(treated or withdrawn) than in the
metoprolol group. However, similar
ORs for mortality were noted for either
drug in patients who stopped taking
�-blockers. Patients in whom inpa-
tient metoprolol was substituted for
atenolol during the exposure period had
a stronger association with mortality
relative to the opposite pattern. How-

Figure 2.Thirty-Day Cardiac Morbidity Propensity Model
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ever, the number of patients in the lat-
ter group was trivial (16-36 patients).
Associations of withdrawal of meto-
prolol in patients who had undergone
vascular surgery was similar (OR, 1.66
[95% CI, 1.01-2.73]; P � .05), al-
though of lesser significance than pa-
tients who did not (OR, 1.78 [95% CI,
1.41-2.23]; P � .001). We were un-
able to detect a significant association
of atenolol withdrawal (OR 1.34 [95%
CI, 0.60-3.03]; P� .47) among the 1884
patients who had undergone vascular
surgery compared with the 14 420 who
had not (OR, 2.19 [95% CI, 1.50-
3.19]; P� .001), possibly due to lower
sample size.

The distribution of the components
of the Revised Cardiac Risk Index for
the full and matched cohorts, are pre-
sented in Table 1. Their combinations
and the corresponding associated mor-
tality rates are presented in eTable 17
(available at http://www.jama.com).
Pairwise comparisons of mortality rates
in each of the possible 64 combina-
tions of the cumulative Revised Car-
diac Risk Index predictors revealed only
7 significant combinations. Given the
multiple comparisons involved, none
of these would be considered signifi-
cant (using a threshold of P� .001). Lo-
gistic regression models for mortality
incorporating the Revised Cardiac Risk
Index factors, adjusted for propensity
score and �-blocker exposure, using
either the entire or matched cohort, re-
vealed similar ORs for each Revised
Cardiac Risk Index component (eTable
18). Stratification of metoprolol or aten-
olol patients by the cerebrovascular,
congestive heart failure, and ischemic
heart disease components revealed sig-
nificantly stronger associations of meto-
prolol over atenolol with each of these
components (eTable 19).

Relations With Postoperative Stroke

In unadjusted analyses, postoperative
stroke occurred in 415 patients (0.3%;
Table 3). Incidence of stroke was sig-
nificantly higher in patients who were
exposed to �-blockers (0.45% [95% CI,
0.39%-0.50%]) than those who were not
(0.21% [95% CI, 0.17%-0.24%];

P� .001). However, the overall stroke
incidence among the full cohort did not
differ significantly by exposure in the
matched cohort (exposed, 0.35% [95%
CI, 0.29%-0.41%] vs unexposed, 0.32%
[95% CI, 0.26%-0.38%]; P=.45), nor
among patients with the strongest as-
sociation of exposure with outcome
(those with a Revised Cardiac Risk In-
dex score � 2; exposed vs unexposed,
0.6%; P=.70; eTable 8). Although pa-
tients who had undergone vascular sur-
gery had a higher incidence of stroke
(1.05%; 95% CI, 0.88%-1.22%) than did
patients who had not (0.22% [95% CI,
0.19%-0.25%]; P� .001), there were no
significant differences in stroke inci-
dence noted between patients exposed
(1.0% [95% CI, 0.70%-1.32%]) vs those
unexposed (1.1% [95% CI, 0.79%-
1.44%]; P=.74) or among matched pa-
tients who had undergone vascular sur-
gery (0.28% [95% CI, 0.22%-0.33%]) or
those who had not (0.22% [95% CI,
0.17%-0.28%]; P=.22) of the matched
cohort. We noted significant associa-
tions of drug group with stroke (aten-
olol vs metoprolol, OR, 0.63 [95% CI,
0.45-0.89]; P=.008; eTable 20).

DISCUSSION
We report associations of early peri-
operative �-blocker exposure with
30-day all-cause mortality and cardiac
morbidity in patients undergoing
noncardiac surgery in the VHA health
care system. Our analyses suggest that
such exposure is significantly associ-
ated with a lower rate of all-cause mor-
tality, with the strongest association in
those undergoing nonvascular sur-
gery and in those with 2 or more Re-
vised Cardiac Risk Index factors. We
also noted a significant association with
a lower rate of cardiac arrest and
Q-wave MI. Although the latter com-
plications occurred infrequently, they
are highly predictive of subsequent
mortality.22,23 The incidence of Q-
wave MI in the current analysis is lower
than the risk of MI reported in other
studies in which elevation of cardiac
biomarkers or less specific electrocar-
diographic patterns were used to de-
fine perioperative MI.24,25

We were unable to detect signifi-
cant associations between �-blocker ex-
posure and outcome in patients under-
going vascular surgery. Although
considered at greatest risk of cardio-
vascular complications, prior analyses
in this population have reported vari-
able associations.1,26,27 However, a
smaller sample size relative to the non-
vascular cohort and the possibility that
these patients received medication not
captured by PBM-SHG (eg, those ad-
ministered intraoperatively or or-
dered nonelectronically) or received a
higher level of care (eg, ICU utiliza-
tion), a factor not captured by VASQIP,
must be considered.

The rate of �-blocker exposure over
the period of this analysis signifi-
cantly declined from 43.5% to 36.2%.
This may be related to the findings of
the POISE trial of increased stroke and
death in treated patients, leading to
more conservative guideline recom-
mendations within this period.2,6 Simi-
lar findings have been recently re-
ported by Canadian investigators during
this timeframe.5

We were unable to demonstrate sig-
nificant differences between our post hoc
definitions of long-term use or acute in-
stitution of �-blockade. Limited evi-
dence suggests that long-term use of
�-blockade is associated with lower rates
of adverse outcome than institution
within 1 week of or immediately after
surgery.28,29 Our data suggest that insti-
tution of �-blockade within 30 days is
associated with similar outcome rates as
longer periods. However, our analysis of
associations within 7 days of surgery is
limited by the very low incidence ob-
served (2.4%).

We noted associations of increased
rates of mortality with �-blocker with-
drawal in the exposure period. This as-
sociation, corresponding to approxi-
mately 2-fold increased risk, is similar to
that reported by other investigators.30-32

Controversy exists over the efficacy
and safety of specific �-blockers used
for perioperative �-blockade. Agents
with greater �-1 specificity (eg, aten-
olol or bisoprolol) have been associ-
ated with improved outcome relative to
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more widely used formulations of meto-
prolol.33 Our exploratory analyses sug-
gest stronger associations with mortal-
ity among patients treated with
metoprolol than with atenolol. How-
ever, we also found that patients tak-
ing metoprolol were significantly more
likely to have ischemic heart disease or
congestive heart failure, consistent with
existing AHA/ACCF guideline indica-
tions for therapy.34,35

Similartootherinvestigators,wenoted
significant interaction of perioperative
�-blockade and the number of Revised
CardiacRiskIndexpredictorsonoutcome
rates, with the difference in event rates
betweenpatientswhowereexposedand
those were not exposed, being most
prominentamongpatientswith the larg-
est number of Revised Cardiac Risk In-
dexpredictors.3,32 However,wewerenot
able to demonstrate significant interac-
tionofperioperative�-blockadewithany
specific combination of these variables.
Weusedall6 revisedCardiacRisk Index
predictors, including history of conges-
tive heart failure, a major risk factor for
perioperative mortality.36 Although de-
compensatedheart failureremainsanab-
solute contraindication to perioperative
�-blockade, long-term use for compen-
satedheart failurehasaclass I indication
for therapy and therefore continuation
in the perioperative period.2,34

We were unable to demonstrate sig-
nificant associations of perioperative
�-blockade with the risk of postopera-
tive stroke. This contrasts with an in-
creased risk observed in the POISE
trial.6 Our overall incidence (0.3%) was
lower than that of the highly selected
patients enrolled in that trial (0.7%). Al-
though the overall stroke rates in our
vascular cohort are similar to the treated
patients in POISE (1% in both), no dif-
ferences between our exposed and un-
exposed patients were noted. Analysis
of existing randomized trials suggests
that either timing of initiation and or
dose of �-blocker are important covar-
iates.37 Our data capture did not allow
us to address dose parameters. Our find-
ing of a higher incidence of stroke in
patients treated with metoprolol may
be related to the fact that metoprolol

users had a significantly higher inci-
dence of preexisting cerebrovascular
disease relative to atenolol users, po-
tentially predisposing them to peri-
operative injury.38

In conclusion, our results suggest
that early perioperative �-blocker ex-
posure is associated with significantly
lower rates of 30-day mortality and car-
diac morbidity in patients at elevated
baseline cardiac risk undergoing non-
vascular surgery. Although assess-
ment of cumulative number of Re-
vised Cardiac Risk Index predictors
might be helpful to clinicians in decid-
ing whether to use perioperative
�-blockade, the current findings high-
light a need for a randomized multi-
center trial of perioperative �-block-
ade in low- to intermediate-risk patients
scheduled for noncardiac surgery.
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