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Structured Abstract
Objective—This study sought to measure the incidence of perioperative beta-blocker non-
compliance by patients who were prescribed chronic beta blocker therapy and presented for
surgery from home. The effect of patient non-compliance on day of surgery presenting heart rate
was also examined.

Design—Prospective observational study with outcome data obtained from review of the medical
record.

Setting—The preoperative clinic and operating rooms of a Veterans Administration hospital.

Participants—Patients on chronic beta blocker therapy who presented from home for surgery.

Interventions—None.

Measurements and Main Results—Demographic and comorbidity data as well as data on
self-reported compliance to beta-blocker therapy, initial day of surgery vital signs, and recent
ambulatory vital signs were collected. Ten out of fifty subjects (20%; 95% CI = 9-31%) reported
not taking their day of surgery beta-blocker. These self-reported non-adherers demonstrated a
higher presenting heart rate on the day of surgery vs. adherent subjects (median of 78 beats per
minute vs. 65 beats per minute, p=0.02 by Wilcoxon Rank-Sum Test). The difference-in-
difference between baseline primary care and day of surgery heart rate was also statistically
significant between compliant and non-compliant subjects (-7 beats per minute vs. +12.5 beats per
minute, p<0.00001).

Conclusions—Patient self-report and physiologic data documented failure to take beta-blockers
and possible beta-blocker withdrawal in 20% of patients who presented for surgery from home. If
these findings are confirmed in larger studies, improved patient understanding of and compliance
with medication instructions during preoperative visits should be a focus of future quality
improvement initiatives.
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Introduction
In accordance with the 2009 American College of Cardiology/American Heart Association
(ACC/AHA) Focused Update on Perioperative Beta-Blockade,1 physicians at preadmission
testing appointments routinely instruct patients who are prescribed beta-blockers to continue
them as directed on the morning of surgery. Indeed, according to the ACC/AHA guidelines,
continuation of preexisting beta-blockade is the only class I indication for routine
preoperative use of these drugs.1

There is reason to suspect however, that instructions to continue beta-blockers may be
confusing for many patients. Along with directions regarding continuation of beta-blockers,
patients also receive instructions to remain NPO and to stop or reduce the dose of other
medications such as diuretics, anticoagulants, and hypoglycemic medications. In the context
of the preoperative appointment when patients receive a relatively complex set of
instructions, it is not known how often patients who are prescribed beta-blockers are able to
execute this specific instruction and actually take their preoperative beta-blocker dose as
directed.

Non-adherence to cardioprotective medications is well-recognized outside of the anesthesia
literature as an important contributor to patient morbidity, and there is extensive published
research regarding medication compliance across many medical specialties.2-6 Despite the
importance of this issue, research within the field of anesthesiology regarding patients'
perioperative medication compliance is almost non-existent. No study has yet examined
adherence on the part of patients to beta-blocker therapy in the perioperative period - a
period that is known to be associated with high stress,7,8 confusing medication changes, and
deleterious effects of beta blocker withdrawal.9

The present study sought to address this gap in the medical literature by identifying the
prevalence of self-reported day of surgery beta-blocker adherence in a cohort of patients
presenting for surgery from home and correlating this information with presurgical heart
rate.

Methods
Data for the present analysis were compiled by reviewing the medical records of 200
Veterans who were enrolled as part of an ongoing study of perioperative hypertension.
Subjects were enrolled from January 2010 through August 20, 2010. Surgical encounters
were tracked and analyzed for an additional one month following the end of enrollment,
through September 20, 2010. All participants completed written informed consent, and the
present analysis was conducted with approval of the local institutional review board.
Inclusion for the present analysis required the following: 1) subjects must have been
prescribed an outpatient beta-blocker (excepting ophthalmic preparations) prior to their day
of surgery, 2) subjects must have presented for anesthesia and surgery from home on the day
of surgery.

For all included subjects, anesthetic records were reviewed individually by study personnel
to ascertain the subject report concerning the taking of his/her beta-blocker on the day of
surgery. This method of anesthetic record review was made possible because of a quality
improvement initiative at the study institution. For this initiative, treating anesthesiologists
are asked to document on their anesthetic record whether or not a patient is prescribed a
beta-blocker and if so, whether the patient reports taking their most recently scheduled dose
on the day of surgery. Patients who lacked specific documentation of beta blocker status
were excluded from the analysis.
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Initial heart rate and blood pressure on the day of surgery and the heart rate and blood
pressure from the most recent non-urgent primary care appointment were obtained from the
electronic medical record (EMR). For subjects with no record in the prior twelve months of
a primary care visit at the study institution, the most recent non-urgent outpatient clinic visit
at which vital signs were recorded was used.

If there were multiple vital sign recordings from either the reference ambulatory visit or the
day of surgery, the initial reading at each visit was used in the current analysis. In addition to
vital sign data, the following information was extracted from the EMR: demographic data
(age, gender, surgery type, days between the preadmission testing visit and the surgery, and
days between the baseline ambulatory vital signs and surgery); lifestyle factors (current
smoking status and body-mass index calculated as weight in kilograms divided by the square
of the height in meters); medical comorbidities (diagnosis of hypertension, hyperlipidemia,
coronary artery disease, diabetes, depression, anxiety, and post-traumatic stress disorder);
and outpatient anti-hypertensive medications as listed on the subjects' pharmacy record
(prescriptions for beta-blockers, ace-inhibitors, angiotensin receptor blockers, diuretics,
calcium channel blockers, nitrates, hydralazine, and alpha-2 agonists). Population
characteristics for all demographic variables, medical co-morbidities, prescribed
medications, and vital sign variables are reported for the cohort and stratified by self-
reported beta-blocker status. Descriptive data are reported as either the proportion or the
median and interquartile range (IQR) and are compared between groups using a two-tailed
Fisher's Exact Test or Wilcoxon Rank-Sum Test as appropriate.

The primary endpoints for the current analysis were, 1) the percent (+/- 95% confidence
interval) of patients prescribed preoperative beta-blockers who self-reported not taking them
on the day of surgery, 2) a comparison of the distribution of presenting day of surgery heart
rate among self-reported non-adherent subjects versus adherent subjects, and 3) a difference-
in-difference analysis of heart rates between the initial day of surgery measurement and the
reference outpatient clinic measurement. This third outcome was designed to investigate
whether any observed heart rate differences on the day of surgery were merely reflective of
longstanding differences in heart rates unrelated to acute perioperative beta blocker
withdrawal. For significance testing, two-tailed, non-parametric tests are reported with a p-
value <0.05 chosen as the level of statistical significance.

Results
Baseline Descriptive Analysis

Of 200 subjects considered, a total of 57 subjects fulfilled the inclusion criteria. For seven of
these subjects, the day of surgery anesthetic record did not specifically document beta
blocker usage on the day of surgery, leaving 50 subjects for inclusion in the primary analysis
(see figure 1), 10 of whom reported perioperative beta blocker non-compliance. Of the 50
subjects, 49 were male. The median age was 71.5 years (IQR = 64-78 years). The median
time between the reference outpatient visit and the day of surgery was 48.5 days (IQR =
22.8–76.5 days), and the median time between the preadmission testing visit at which beta-
blocker instructions are given and the day of surgery was 15.5 days (IQR = 10-22.5 days).

Six subjects were not seen in primary care. Of these, 2 were seen at a cardiology clinic, 2
were seen at a neurosurgery clinic, 1 was seen at a hypertension management clinic, and 1
was seen at a hematology clinic. None of the fifty subjects were taking alpha-2 agonists or
hydralazine, so these were removed from the analysis. Forty-seven of the 50 patients had
been prescribed a beta-blocker for at least 30 days prior to surgery. Of the 3 patients with
more recent beta blocker prescriptions, 1 was in the non-compliant group, and two were in
the compliant group. Of the 50 included patients, 15 were prescribed atenolol once-daily, 12
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were prescribed extended-release metoprolol formulations, 20 patients were prescribed
metoprolol twice-daily, 1 was prescribed betaxolol once-daily, 1 was prescribed atenolol
twice-daily, and 1 was prescribed labetalol thrice daily. The distribution of these drugs
between compliant and non-compliant groups was unremarkable (of the 10 non-compliant
patients, 3 were on atenolol, 3 were on extended release metoprolol, and 4 were on twice-
daily metoprolol). There was no significant difference between self-reported beta-blocker
adherent and non-adherent subjects on any of the demographic, medical co-morbidity, or
prescribed medication data (see Table 1). For vital signs data, the reference ambulatory SBP
was higher in the adherent versus non-adherent group (median of 132mmHg vs. 122mmHg,
p=0.04). All vital signs data are summarized in Table 2.

Analysis of Primary Outcomes
Of the fifty patients retained in the primary analysis, 20% (n=10) reported that they did not
take their beta-blocker on the morning of surgery (95% confidence interval = 9-31%). These
self-reported non-adherers demonstrated a higher presenting heart rate on the day of surgery
vs. adherent subjects (median of 78 beats per minute vs. 65 beats per minute, p=0.02 by
Wilcoxon Rank-Sum Test). In an alternative analysis, we first treated the 7 subjects with
missing documentation as presumptively beta blocker adherent and demonstrated that the 10
self-reported non-adherers demonstrated a higher presenting heart rate on the day of surgery
vs. this larger group of subjects (median of 78 beats per minute vs. 68 beats per minute,
p=0.03). Second, we treated the 7 subjects with missing documentation as presumptively
non-adherent, and again the group of 17 presumptively non-adherent subjects demonstrated
a higher presenting heart rate on the day of surgery vs. the definitively adherent patients
(median of 72 beats per minute vs. 65 beats per minute, p=0.03).

When the baseline primary care heart rate was included in the analysis, the non-adherent
patients demonstrated a higher day of surgery heart rate vs. their primary care baseline by a
median of 12.5 beats per minute (IQR = +7.5 to +23.8 beats per minute, p=0.005), while
patients reporting beta-blocker adherence demonstrated a lower heart rate on the day of
surgery vs. the reference ambulatory measurement by a median of 7 beats per minute (IQR =
-14 beats per minute to +3.8 beats per minute, p=0.002). For the difference-in-difference
analysis, heart rate differences between the adherent and non-adherent groups were
significantly different from each other (p<0.00001). Box plots illustrating the difference-in-
difference analysis of heart rate stratified between the two groups of subjects are shown in
Figure 2.

Discussion
Although small and based on data collected from the EMR, this study represents the first
analysis of perioperative medication non-compliance on the part of patients within the field
of anesthesiology. While a great amount of effort is being invested in defining the precise
populations, timing, and type of beta-blockade that will most benefit surgical patients, very
little work has gone into studying how the current guidelines are being followed by patients
themselves in the “real world” presurgical environment. This gap in the literature has
persisted despite work from fields outside of anesthesiology demonstrating that non-
adherence to cardioprotective medications is substantial and associated with significant
morbidity.5

Among the fifty patients included in our study, one in five were by self-report, non-
compliant to day of surgery beta-blocker instructions despite receiving directions both
verbally and in writing to continue taking beta-blockers on the morning of surgery.
Although patient self-report is subject to problems of reliability, the accompanying heart rate
analysis of these same subjects offers independent, physiologic support for a significant
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proportion of non-compliance to day of surgery beta-blockade in our cohort. Our results are
consistent with data from outside the perioperative period, in which long-term patient
adherence to beta blocker therapy at 6-months ranged from 61-88%.2-4,6

Although our study was not designed to follow intraoperative or post-anesthetic outcomes, it
is reasonable to suggest that if our finding is confirmed in larger populations, the observed
increases in heart rate may carry clinical relevance for patient outcomes. The beta-blocker
withdrawal state, as an entity associated with increased cardiovascular risk, has been
recognized since the 1970s,10,11 and recent literature has further highlighted the deleterious
effects of beta-blocker withdrawal particularly in the perioperative period.9 Nevertheless,
the evidence supporting continuation of perioperative beta blockade is not beyond
question,12 and it may be that the level C evidence supporting the ACC/AHA class 1
recommendation may yet evolve. Accordingly, it is not known whether improved patient
compliance to perioperative beta blockade would improve outcomes. Non-compliant
patients in our study demonstrated a median presurgical rise in heart rate of 12.5 beats per
minute, and sixty percent of them had presurgical heart rates greater than seventy beats per
minute (versus thirty-eight percent in the adherent group). If tight heart rate control is
desired, the current findings demonstrate the relevance of patient non-compliance and the
associated need for interventions to address patient beta-blocker compliance on the day of
surgery.

It is interesting to note that beta-blocker adherent subjects in our study demonstrated a
significantly lower heart rate on day of surgery as compared to the reference ambulatory
measurement (lower by a median of 7 beats per minute, p=0.002). This finding has led us to
speculate that some of this group of so-called beta-blocker adherent subjects may actually
have been newly adherent – i.e., some may not have been taking their beta-blockers on a
regular basis, but when confronted with surgery and explicit instructions to take these
medications, they became medication compliant. To investigate this possibility, we
conducted a post hoc analysis of the self-reported adherent group comparing heart rates at
three time points – primary care, the preadmission anesthesia clinic, and the day of surgery.
Indeed, for the patients with self-reported day of surgery beta-blocker compliance, the
primary care clinic and preoperative anesthesia clinic visit heart rates were not significantly
different from each other (median of 72 beats per minute versus 75 beats per minute, p=0.32
by Wilcoxon Signed Rank Test). The reduction in heart rate was significant between both of
these time points and the day of surgery (median day of surgery heart rate = 65 beats per
minute, p<0.001 versus preoperative anesthesia clinic and p=0.002 versus the primary care
clinic). If this suggestion of new-onset beta blocker compliance is confirmed in larger
studies, our results would mean that not only are patients on chronic beta-blockers
frequently presenting in acute withdrawal on the day of surgery, but that among those who
are not withdrawing, a significant percentage may in fact be presenting for surgery with
acute onset of beta-blockade. Such a finding would be of significant clinical import since
both discontinuation of chronic beta-blockade and initiation of high-dose day of surgery
beta-blockade13 may both increase perioperative morbidity. Future studies of beta-blocker
adherence patterns may help to clarify any phenomenon of better perioperative medication
adherence among a subset of patients presenting from home.

In addition to its importance for patient safety, compliance with beta-blocker instructions
has significant implications for interpreting epidemiologic data on the potential benefits of
perioperative beta-blockade. If studies of surgical risk use populations that are assumed to
be on chronic beta-blocker therapy9 but among whom are a significant subset of patients
who are actually withdrawing from or acutely initiating these agents on their day of surgery,
then the findings will tend to underestimate the true effects of chronic beta-blockade, acute
initiation of beta-blockade, and acute beta-blocker withdrawal on outcomes. The recent
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article by Wallace, et al.9 demonstrating improved outcomes in a large cohort of veterans
with chronic beta-blockade, for example, fails to address this issue of medication non-
adherence. Assuming that the population of veterans described in that article was
comparable to our population of veterans, the beneficial effects of beta-blockade may have
been underestimated in that study.

The present study while suggestive had several limitations. Due to the small sample size and
reliance on data from the medical records of consenting patients for ascertaining beta-
blocker status, a more standardized measure of medication compliance across a larger
population would be helpful. A larger cohort would also provide for a more powerful test of
potential covariates, and of the variables that only approached significance. Complementary
analyses of blood pressure changes that may accompany medication non-compliance would
also be of interest to pursue in a larger study. Also, our study population was limited to
United States veterans who may exhibit different medication-compliance behaviors as
compared to the non-veteran population.14 In addition, while our physiologic heart rate data
were consistent with patient self-report, it is likely that objective measurements of serum
beta-blocker levels would have offered more precise determinations of beta-blocker status.

Our overall findings however, serve to highlight to the medical community the difficulty of
translating beta-blockade guidelines into clinical practice, especially among populations that
may be particularly prone to non-adherence. Indeed, these results suggest that attention to
beta-blocker adherence prior to surgery should be a focus of directed efforts. Studies of
adherence to perioperative beta-blocker guidelines have so far focused primarily on
institutional behavior by studying hospital or care-giver adherence to perioperative beta-
blocker recommendations.15-17 Our study highlights that even institutions or individual
physicians who strictly follow beta-blocker recommendations likely still have a great deal of
work to do to maximize cardiac protection among patients.

In conclusion, given the importance of perioperative cardiac protection and the potential
morbidity of beta-blocker withdrawal, it is important for the anesthesiology community to
dedicate further research toward defining typical non-compliance rates and the risk-factors
for such non-compliance. If confirmed in larger studies, our results suggest that patients may
benefit from focused efforts toward improving patient understanding of and motivation for
following medication instructions during preoperative visits.
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Figure 1.
Flow diagram of patient selection and analysis.
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Figure 2.
Difference-in-difference analysis. Heart rate difference was calculated as the initial day of
surgery heart rate minus the reference ambulatory heart rate. A negative difference therefore
corresponds to a lower heart rate on the morning of surgery. Shaded boxes represent the
interquartile range (IQR) with solid line at the median. Whiskers represent the spread of data
up to 1.5 times the IQR with outliers marked individually. P-value calculated by Wilcoxon
Rank-Sum Test.
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