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Abstract
Objective—To determine if a regional quality improvement effort can increase beta-blocker
utilization prior to vascular surgery and decrease the incidence of post-op myocardial infarction
(POMI).

Methods—A quality improvement effort to increase peri-operative beta blocker utilization was
implemented in 2003 at centers participating in the Vascular Study Group of New England
(VSGNE). A 90% target was set and feedback given at bi-annual meetings. Beta blocker
utilization (< 1-mo pre-op versus chronic) and POMI rates were prospectively collected for
patients undergoing open AAA repair (n=926) and lower extremity bypass (LEB) (n=2,123) from
2003 through 2008. Predictors of POMI were determined using multivariate logistic regression.
Rates of beta blocker administration and POMI were analyzed over time, and across strata of
patient risk based on a multivariate model.

Results—Peri-operative beta blocker treatment increased from 68% of patients in the first three
months of 2005 to 88% by the last 3 months of 2008 (p<0.001). In 2003, 44% of patients not on
chronic beta blockers were treated with pre-operative beta blockers; by 2008, 78% of patients not
on chronic beta blockers were started peri-operatively on these medications (p<0.001). Beta
blocker utilization increased across all centers and surgeons participating during the study period,
and increased in patients of low, medium, and high cardiac risk. However, the rate of POMI did
not change over time (5.2% in 2003, 5.5% in 2008, p=0.876), although a trend towards lower
POMI rate was seen in patients on pre-operative beta blockers (4.4% in 2003-2005, 2.6% in
2006-2008, p=0.43). In multivariable modeling we found that age >70 (OR 2.1), positive stress
test (OR 2.2), CHF (OR 1.7), chronic beta blocker administration (OR 1.7), resting heart rate (HR)
< 70 (OR 1.8) and diabetes (OR 1.6) were associated with POMI. Resting HR was similar for
patients on chronic (67), pre-operative (70), and no beta blockers (70) (p=0.521).

Conclusions—Our regional quality improvement effort successfully increased peri-operative
beta blocker utilization. However, this was not associated with reduced rates of POMI or resting
heart rate. While this demonstrates the effectiveness of regional quality improvement efforts in
changing practice patterns, further work is necessary to more precisely identify those patients who
will benefit from beta blockade at the time of vascular surgery.
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Introduction
The use of peri-operative beta blocker therapy in patients undergoing vascular surgery has
been a topic of intense interest among patients, surgeons, payers, and policy makers1-4.
Several randomized trials and large observational studies of beta blocker use have
demonstrated significant reductions in post-operative cardiovascular morbidity and
mortality, especially in patients with high risk of adverse cardiac events5-14. These benefits,
with seemingly few adverse events in earlier studies8, 12, were sufficient to procure
endorsement for the broad use of peri-operative beta blockade from several national quality
improvement initiatives, including the Leapfrog Group15, the American Medical
Association16, and the Surgical Care Improvement Project (SCIP)17, a collaborative of
several organizations including the Centers for Medicare and Medicaid Services (CMS), the
American Hospital Association (AHA), and the Institute for Healthcare Improvement (IHI).
Further, peri-operative beta blocker therapy was reported as a class I or II recommendation
of the American College of Cardiology Foundation/America Heart Association1 (ACCF/
AHA) in 2007, and similarly endorsed by the European Society of Cardiology and the
European Society of Anesthesiology in 201018.

Based on these recommendations, the Vascular Study Group of New England (VSGNE)
began a quality improvement project in 2003 aimed at broadly implementing the evidence-
based utilization of beta blockers in patients undergoing vascular surgery. We used
evidence-based reviews of peri-operative beta-blockade studies, surgeon and hospital
benchmarking, and discussions at our biannual meetings to encourage participating surgeons
to achieve a target of 90% beta blocker administration in patients undergoing abdominal
aortic aneurysm repair and lower extremity bypass. By increasing the administration of beta
blockers, we hoped to reduce cardiac complications in patients undergoing high-risk
vascular surgery in our region.

Methods
Subjects and Databases

We utilized data collected prospectively by the VSGNE, a regional cooperative quality
improvement initiative developed by community and academic centers in 2002 to study
regional outcomes in vascular surgery. Further details on this registry have been published
previously19, and others are available at www.vsgne.org.

The goal of this quality improvement effort was to improve the administration of beta
blockers peri-operatively. At the outset of our quality improvement initiative, we sought to
increase beta blocker usage in all patients undergoing open vascular surgery, especially
those procedures in which the risk of cardiac complications is highest - open abdominal
aortic aneurysm repair (OAAA) and lower extremity bypass (LEB). In patients undergoing
OAAA and LEB within the VSGNE, we collected over 70 pre-operative, intra-operative,
and postoperative variables and entered this data in our regional dataset, as described in
previous work20. These variables were used to describe patient characteristics, and to allow
us to perform cardiac risk stratification21, evaluate operative details and outcomes, and
assess operative risk. These variables, stratified by procedure type and use of beta blockade,
are shown in Table 1.

Description of Quality Improvement Intervention
We formally began our quality improvement effort in beta blocker utilization in 2003, at the
6 centers participating in the VSGNE at its inception. After we analyzed and discussed the
evidence for beta blocker usage in 2003, we selected 90% as our target for peri-operative
beta blocker administration, to allow for drug intolerance in some patients. Use of beta
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blockers was recorded in the VSGNE dataset pre-operatively, at discharge, and at 1-year
follow-up. Dosage was not recorded. Resting heart rate at arrival to the operating room, as
well as peak heart rate intra-operatively was recorded beginning in July, 2005. Beta blocker
treatment initiated within one month of surgery was categorized as a “preoperative”; beta
blockers started more than one month prior to surgery were categorized as “chronic.” While
our QI initiative recommended that metoprolol 25 mg twice daily be started two weeks prior
to operation and be continued following operation, surgeons were left to their own discretion
in regards to agent, dose, timing, and titration to heart rate.

A central tenet of our quality improvement intervention was to provide feedback to surgeons
and centers. Therefore, rates of utilization (either chronic or pre-operative) were reported
back to individual surgeons and centers on a biannual basis. While individual surgeon and
center results were kept anonymous, regional, institutional, and individual rates (blinded) of
beta blockade were reviewed in detail at biannual meetings, when methods for increasing
utilization were discussed and successful methods were shared, such as pre-printed order
sheets or prescription forms. All six centers that began the QI initiative remained in the
study during the entirety of the study period,

Main Outcome Measures
Our study examined two main outcome measures. The first was the utilization of peri-
operative beta blockers, measured as the proportion of patients on beta blockers, either
chronic or pre-operatively. This outcome was examined across strata of surgeons, centers,
type of beta blockade use (pre-operative or chronic), and procedure (AAA and lower
extremity bypass). We included only surgeons (n=29 and centers (n=6) who were present in
the cohort during the entire period of the analysis in order to not confound the impact of
quality improvement in the same group over time,

Second, given that the ultimate goal of our quality improvement intervention was to
decrease patient morbidity and mortality, we measured in-hospital, post-operative
myocardial infarction (POMI) rates (defined by electrocardiographic, echocardiographic, or
troponin-based evidence of myocardial infarction in the post-operative period). Similar
strata were compared as in the beta blockade analysis (surgeon, center, type of beta blocker
therapy, and procedure).

Analysis
Overall, 946 patients underwent OAAA and 2,215 underwent LEB between January 1st,
2003 and December 31st, 2008 within the initial 6 centers of VSGNE. Within this group,
926 OAAA patients (95% of the total) and 2,123 LEB patients (96% of the total) had
information available about beta blocker administration, post-operative MI, and patient
characteristics available for analysis during the entire time period, and therefore constituted
our cohort for analysis.

We compared beta blocker administration over time, using non-parametric tests of trend. To
further examine changes over time, we used statistical process control (SPC) methods. SPC
is a methodology used commonly in manufacturing to examine process variation22. Using
control (p) charts, we examined the proportion of patients taking beta blockers over time, in
three month intervals. We assumed the process was stable at initiation of the process, given
that practice patterns had not changed significantly across surgeons prior to the initiation of
our study, based on the report of our quality improvement initiative working group. Upper
and lower control limits were defined as 3 sigma (standard deviations) above and below the
control value, respectively and used the Western Electric Company rules to determine if the
outcomes had moved beyond their control limits22-24. These rules state that if 2 of 3
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consecutive points fall outside a 2-sigma limit, or if 4/5 consecutive points fall beyond 1
sigma limits, or if 8 points fall on one side of the centerline, then a significant change has
occurred in the process being measured. On our control charts, those points that are
significantly different than the baseline are shown as red diamonds.

We used similar methodology to examine the incidence of cardiac complications over time
in patients on chronic or pre-operative beta blockade, as well as patients not on beta
blockers. In order to categorize patients according to their cardiac risk we developed a
logistic regression model to predict the risk of POMI, based on the characteristics of patients
who experienced POMI. This model was used to categorize patients into low (2.5-5.0%
predicted risk of POMI), medium (5.0-11.5% predicted risk of POMI), and high
(11.5-15.1% predicted risk of POMI) risk categories, to allow evaluation of changes in beta
blockade across different risk strata of cardiac risk. Our POMI model demonstrated good
discrimination (area under ROC = 0.71), and the calibration of the model was satisfactory
across a broad spectrum of patient risk,(R2=0.99, Hosmer-Lemeshow goodness of fit test
p=0.40, see Appendix 1)).

All analyses were performed using Microsoft Excel (Redmond, WA) and STATA (College
Station, TX). The Institutional Review Board at Dartmouth Medical School reviewed and
approved our study protocol.

Results
Patient Characteristics

In the OAAA cohort, patients were most commonly male (73%), mean age was 71 years,
and nearly all were Caucasian (Table 1). Most patients had a history of either prior or
current smoking (92%). About half of patients had a history of diabetes, 40% had coronary
disease, and nearly a third had a history of COPD. Most patients were on anti-platelet agents
(72%) and statin therapy (58%). Based on their predicted risk of POMI, 50% of patients had
intermediate cardiac risk Further details about the characteristics of the cohort used are
available in Table 1.

Similarly, in the LEB cohort, patients were most commonly male (69%), mean age was 69
years, and nearly all were Caucasian. Nearly all patients had a history of either prior or
current smoking (83%). About half of patients had a history of diabetes, 41% had coronary
disease, and nearly a third had a history of COPD. Most patients were on anti-platelet agents
(72%) and statin therapy (58%). While the overall predicted risk of cardiac complications
was slightly higher in these patients as compared to those undergoing OAAA, Based on their
predicted risk of POMI, 46% of LEB patients had intermediate cardiac risk (Table 1).

Beta Blocker Utilization
At the time of initiation of our quality improvement initiative in 2003, the overall rate of
peri-operative beta blocker utilization was 68%. However, by the end of our study period,
beta blocker use had increased to 88% (p<0.001) (Figure 1). Using statistical process control
to evaluate changes over time, we noted that by December of 2005, a significant increase in
the peri-operative usage of beta blockers had occurred. This increase in beta blocker therapy
remained above the baseline from 2005 until the completion of our study period in 2008,
indicating that the process of beta blocker administration in our region had changed
significantly during the study period (Figure 1). This effect was apparent across all centers
and surgeons in our study (Figure 2a and Figure 2b).

When we examined the rates of beta-blocker utilization by pattern of utilization, (chronic
versus pre-operative), we found an increase over time in both chronic (54% in 2003, 61% in
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2008, p=0.004) and pre-operative usage (20% in 2003, 31% in 2008, p<0.001). We believed
that our intervention was most likely to affect the use of pre-operative beta blockers, as
compared to those patients already on chronic beta blockers). We found that in 2003, 44% of
patients not on chronic beta blockers were treated with perioperative beta blockers.
However, by 2008, 78% of patients not on chronic beta blockers were started pre-
operatively on these medications (Figure 3). This effect was consistent across all centers.

Next, we analyzed changes in beta blocker administration across low, medium, and high
cardiac risk patients (Table 2). Although the use of beta blockers increased in all categories,
statistically significant increases in the use of pre-operative beta blockers were most
apparent in low-risk patients, while statistically significant increases in chronic beta blocker
use were seen in medium and high-risk patients (Table 2). Lastly, we examined the
proportion of patients discharged from the hospital on beta blocker therapy. Overall, we
found that patients who were on beta blockers prior to surgery were very likely (89% of all
patients) to be discharged on these medications. Of those patients who were not on beta
blockers at the time of surgery, 33% were subsequently discharged on beta blocker therapy.

Effect of Beta Blockade on Post-operative Myocardial Infarction
Overall, POMI occurred relatively infrequently in our cohort (5.5%). Patients undergoing
OAAA were slightly more likely to experience POMI than patients undergoing LEB (7.6%
versus 4.6%, p<0.001). Despite the increase in usage of beta blockers, we found that no
significant change occurred in the rate of POMI over time (Figure 1). While there was a
trend for a reduced POMI rate in patients on pre-operative beta blockers, in patients of low,
medium, and high cardiac risk, these changes were not statistically significant (Table 3).
However, among the small group of patients not on beta blockers in the intermediate cardiac
risk group, the rate of POMI was significantly higher in 2006-2008 as compared to
2003-2005. (7.4 vs. 1.6%). Conversely, patients on pre-operative beta blockers experienced
aa reduction in the rate of POMI during the same time period (4.6% in 2003-2005, 2.5% in
2006-2008, p= 0.23; see Table 3).

Effect of Beta Blockade on Heart Rate
Despite the increase in utilization of beta blockade, we found no significant differences in
resting or peak intra-operative heart rate over time during our study interval (Table 4). In all
patients in our study cohort, heart rate on arrival to the operating room was relatively low in
the early years, and did not change significantly in later years (resting heart rate = 69 in
2005, resting heart rate = 68 in 2006-2008, p=0.412).

Overall Rate of POMI, by Pattern of Beta Blocker Use
Rates of POMI varied, by the type of beta blocker use (Figure 4a). Overall, when compared
to patients on no beta blocker or peri-operative beta blockers, the rate of POMI was highest
in patients on chronic beta blockers. Patients on chronic beta blockers were nearly twice as
likely to experience POMI when compared to patients on no beta blocker (6.9% veruss
3.9%, p<0.001) or pre-op beta blocker (6.9% versus 3.4%, p<0.001) This trend persisted,
even when we studied this effect across different categories of cardiac risk, as shown in
Figure 4b. The most dramatic differences in POMI rates were seen in the patients at the
highest cardiac risk, but differences remained significant between chronic beta blocker
recipeints and the remaining patients.

Factors associated with Post Operative Myocardial Infarction
Using multiple logistic regression, we identified several pre-operative patient characteristics
associated with POMI in multivariate analysis. As shown in Table 5, age over 70, a positive
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pre-operative stress test, congestive heart failure, and a resting heart rate less than 70 were
all associated with increasing risk of POMI. Moreover, we also found that the chronic
administration of beta blockers was also associated with higher risks of POMI. This effect
persisted, even when we adjusted for heart rate by including this variable in our regression
model.

Discussion
We found that a quality improvement effort was broadly effective in increasing the use of
peri-operative beta-blockers in patients undergoing LEB and OAAA in our region. This
effect was seen for each of the hospitals and surgeons participating in the initiative, and was
seen across all strata of patient cardiac risk. However, the absolute increase in utilization of
peri-operative beta blockers was most significant in patients with the lowest cardiac risk,
and overall our quality improvement effort did not result in a decline in the rate of POMI.

Given the uniform increase in utilization of beta blockers in our region, we believe that were
very successful in developing and executing a quality improvement initiative to change the
way care is delivered to our patients. Several precedents for this methodology exist25-27,
and these efforts served to guide our initiative. In 1996, O'Connor et al described a regional
quality improvement initiative wherein feedback of outcome data, training in continuous
quality improvement techniques, and site visits was associated with a 24% reduction in
hospital mortality after coronary bypass surgery. Several other similar initiatives have
demonstrated similar effects across a broad spectrum of surgical and medical
conditions28-32, and emphasize the potential utility of regional organizations in outcomes
research and quality improvement. The techniques for process change in VSGNE included
informational sessions at our biannual meetings, quality improvement discussions, and, most
importantly we believe, biannual individualized feedback with anonymous benchmarking of
the surgeon, institution and regional use of beta blockers. This low-cost intervention resulted
in significant improvements in the use of beta blockers, across all centers, regions, and
patient cardiac risk strata in our region.

However, we were disappointed to find that despite this successful effort, the rate of POMI
did not decrease over time Why did our quality improvement effort not achieve a decline in
the rate of POMI? While the answer to this question is unknown, we have several potential
explanations. First, our beta blocker dosage regimen may have been too low. In the literature
there are a number of different agents used, different dosages and timing of administration,
and several trials have titrated beta blocker dosage to heart rate5. In an effort to maximize
surgeon compliance we selected a standardized fixed regimen with a relatively low dose, in
an effort to minimize side effects. While this served as a convenient and effective tactic to
maximize the ease of implementing beta blocker therapy, it is possible that this dose was not
large enough to have an effect, and the lack of measurable difference in heart rate during the
study interval attests to this possibility.

Second, while our intervention sought to achieve an increase in overall beta blocker
utilization, most often this change occurred in low and intermediate risk patients. In a
retrospective review of over 600,000 patients in an administrative, quality focused data base,
Lindenauer showed that beta blockers were most beneficial in high risk patients, probably
beneficial in intermediate risk patients and of questionable value in low risk patients13.
Poldermans also showed a decrease in cardiac events with beta blocker administration to
high risk patients undergoing vascular surgery in a randomized clinical trial4, 8. In our
region, pre-operative beta blocker use initiated within 30 days of surgery in high risk
patients went from 19 to 24% (p = 0.09). This change represented an increase of 33 “new”
high-risk patients on pre-operative beta blockers, which was likely too few to demonstrate a
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significant reduction in cardiac events. Further, within the intermediate cardiac risk group, a
significant possibility exists that type II error limited our ability to detect a difference in
POMI rate.

Third, our study may have found that beta blockers have little effect on POMI because that
might be the “real” answer. In the literature, there has been a transition in the results from
randomized clinical trials. Initially the trials showed a reduction of myocardial ischemia and
myocardial infarction4, 8, 13. However, as time went on two trials failed to show a
benefit10, 11. In these two randomized trials, patients underwent aortic aneurysm repair and
peripheral vascular reconstruction and therefore the cohorts were procedurally quite similar
to our study. In the first study, the peri-operative beta blocker (POBBLE) trial investigators
found no significant difference in adverse cardiovascular events10. In the second study, the
Metoprolol after Vascular Surgery (MaVS) trial11, there were no significant reduction in
cardiovascular events in a population undergoing abdominal aortic repair and peripheral
vascular reconstruction, again quite similar to our cohort. One of the potential explanations
for the lack of impact was the absence of high risk patients undergoing high risk operations.
More recently, the PeriOperative ISchemic Evaluation (POISE) trial, the largest randomized
clinical trial on perioperative beta blocker treatment published to date found a significant
decrease in cardiac events from beta blocker administration (4.2 versus 5.7%, p<0.001), but
also showed the beta blocker therapy was associated with an increase in stroke (1% versus
0.5, p<0.005) and all cause mortality (3.1% versus 2.3%, p= 0.03)5. This trial was notable
for a very large dose of beta blocker, metoprolol 100 mg given 2-4 hours preoperatively and
the high rate of intra-operative bradycardia and hypotension, which likely contributed to the
increased incidence of postoperative stroke and all cause mortality. Our dataset was not
initially configured to capture the possible non-lethal complications of beta blocker therapy,
such as stroke, While stroke was routinely collected as an outcome variable in carotid
surgery, it was not studied in other procedures such as LEB. Accordingly, we have since
corrected this deficiency in our dataset. Further, our dataset was also not configured to
ensure absolute adherence to dosing regimens and heart rate titration.

What is the role of beta blockers in modern vascular surgery? The AHA/ACC guidelines are
to continue beta blockers in patients who are on them (class I) and initiate beta blocker
therapy titrated to heart rate in patients with coronary artery disease or high cardiac risk
(more than one clinical risk factor, class IIa)1. The usefulness of beta blockers is uncertain
for patients in intermediate risk (1 clinical risk factor, class IIb) or at low risk (no clinical
risk factors, class IIB). These recommendations are supported by the European Society of
Cardiology/European Society of Anesthesiology with two slight differences. The initiation
of peri-operative beta blocker therapy in patients with coronary artery disease or undergoing
high risk surgery is considered to be a class I recommendation and treatment for
intermediate risk surgery is a class IIa recommendation.18

Should we continue to administer beta blockers to all patients undergoing vascular surgery?
First, we must balance the potential risks and harms of administering beta blockers to our
patients. While our initiative was successful in increasing the use of beta blockers, the
increases in peri-operative beta blockade most commonly occurred within the patients with
the lowest cardiac risk. Accordingly, we aim to use our quality improvement initiative to
focus our efforts more accurately, choosing only intermediate and high-risk patients for peri-
operative beta blockade. Second, we must look carefully at the risks presented to patient by
chronic administration of beta blockers. Our analyses showed that independent of
complications related to bradycardia or pre-existing ischemia, an association existed
between chronic beta blocker administration and POMI. Unmeasured confounders, such as
hypotension secondary to excessive beta blockade, may have played a role in these excess
events. Therefore, we have focused our ongoing efforts towards understanding the events
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surrounding POMI, using both our clinical dataset and chart-based review, in the hopes of
“drilling down” more precisely on the factors that allow us to predict and prevent POMI.
Third, our study demonstrates the feasibility and efficacy of surgeon-led quality
improvement, especially when it is implemented in the context of a regional registry.
Therefore, our future work will continue to expand the use of this method to implement
other evidence-based practices, such as patching following conventional CEA33, 34, statin
administration35-37, and cell saver use in OAAA38.

Finally, our study demonstrated that patients on chronic beta blockers are more likely to
have a POMI than patients on peri-operative beta blockers, or no beta blocker at all. This
association persisted, even when adjusting in our multivariable models for other markers of
cardiac disease (such as congestive heart failure or a history of a positive stress test), as well
as clinical parameter such as adequate heart rate control. It is possible in our dataset that the
use of chronic beta blocker is simply a more accurate proxy for elevated cardiac risk, as
measures such as pre-operative congestive heart failure or pre-existing coronary artery
disease may vary in nature or extent. However, it is also possible that chronic beta blocker
use itself is causative for cardiac complications. Although we cannot be certain which
explanation is the right answer, we found little evidence to suggest that chronic beta
blockers were harmful – there was no change in mortality over time in patients receiving
chronic beta blockers, and no evidence of higher stroke rates or need for vasoactive
medications peri-operatively in these groups. Our future efforts will seek to more precisely
quantify these relationships and attempt to understand more completely the effect of chronic
beta blockade utilization on POMI.

Our study has limitations. First, as mentioned previously, we did not control for the type of
beta blocker administered, nor did we record dosage information, or the precise duration of
therapy, especially among patients receiving beta blockers pre-operatively. While these
specific details would have been helpful, practical limitations as to the reasonable length of
our quality improvement dataset precluded capturing these variables. However, evidence
from several systematic reviews39-41 and meta-analyses42-44 suggest that there are few
dramatic differences in effect by beta blocker type, and we did collect heart rate as a proxy
for effective dose of beta blockade. Second, variation in the measurement of myocardial
infarction, especially by serum assays, may have differed across centers. However, while the
thresholds and laboratory values may have differed across centers, we found little variation
in the absolute number of measurements of serum assays performed across centers. Further,
we used our biannual meetings as well as annual data audits to ensure that POMI was being
collected in a consistent manner, making systematic confounding by surgeon, center, or risk
strata unlikely. And third, our population, composed of patients primarily from Northern
New England, is not ethnically diverse. Therefore, especially given the differences in
cardiovascular risk across racial groups, the overall generalizability of our experience to
more racially diverse cohorts remains uncertain.

In conclusion, despite successfully implementing a regional quality improvement initiative
aimed at increasing the utilization of peri-operative beta blockers, we did not decrease the
incidence of POMI. Our future work will center on expanding the use of regional registries
as quality improvement tools in surgery, as well as further delineating which patients are
best served by the administration of peri-operative beta blockade.
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Appendix

Appendix 1.
Correlation of observed and expected values for prediction model for post operative
myocardial infarction.
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Figure 1.
Control (p) chart, demonstrating beta blocker administration and post operative myocardial
infarction rate over time. Central tendency is shown in the blue line, with the red diamonds
demonstrating significant change from central tendency has occurred. The red lines indicate
the upper and lower control limits, while the grey lines indicate 1 sigma and 2 sigma
differences from baseline.
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Figure 2a.
Center-specific beta blockade administration, in 2003 and 2008.

Goodney et al. Page 13

J Vasc Surg. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2b.
Surgeon-specific beta blockade administration, in 2003 and 2008.
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Figure 3.
Rate of pre-operative beta blocker use in patients not already on chronic beta blockers
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Figure 4a.
Post operative MI rate, by type of beta blocker use.
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Figure 4b.
Post operative MI rate, by type of beta blocker use and cardiac risk strata.
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Table 5

Multivariable predictors of post-operative myocardial infarction.

Odds Ratio 95% Conf. Interval p value

Diabetes 1.6 1.1-2.6 0.026

Congestive Heart Failure 1.7 1.1-2.5 0.008

Chronic Beta Blocker Use 1.7 1.2-2.4 0.006

Resting Heart Rate<70 1.8 1.1-2.8 0.005

Age >70 2.1 1.5-2.9 <0.001

Positive Stress Test 2.2 1.5-3.2 0.002
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