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Abstract

Objective—Routine initiation B-blocker medications before vascular surgery is controversial due
to conflicting data. The purpose of this analysis was to determine whether prophylactic use of p-
blockers before major elective vascular surgery decreased postoperative cardiac events or
mortality.

Methods—The Society for Vascular Surgery Vascular Quality Initiative (SVS-VQI) data set was
used to perform a retrospective cohort analysis of infrainguinal lower extremity bypass (LEB),
aortofemoral bypass (AFB), and open abdominal aortic aneurysm(AAA) repair patients. Chronic
(>30 days preoperatively) p-blocker patients were excluded, and comparisons were made between
preoperative (0-30 day) and no B-blocker groups. Patients were risk stratified using a novel
prediction tool derived specifically from the SVS-VQI data set. Propensity-matched pairs and
interprocedural specific risk stratification comparisons were performed. End points included in-
hospital major adverse cardiac events (MACES), including myocardial infarction (MI; defined as
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new ST or T wave electrocardiographic changes, troponin elevation, or documentation by
echocardiogram or other imaging modality), dysrhythmia, and congestive heart failure, and 30-day
mortality.

Results—The study analyzed 13,291 patients (LEB, 68% [n = 9047]; AFB, 11% [n = 1474]; and
open AAA, 21% [n = 2770]); of these, 67.7% (n = 8999) were receiving p-blockers at time of their
index procedure. Specifically, 13.2% (n = 1753) were identified to have been started on a
preoperative B-blocker, 54.5% (n=7426) were on chronic p-blockers, and 32.3% (n=4286) were on
no preoperative B-blockers. Among the three procedures, patients had significant demographic and
comorbidity differences and thus were not combined. A 1:1 propensity-matched pairs analysis
(1459 pairs) revealed higher rates of postoperative MI with preoperative B-blockers (preoperative
B-blocker relative risk, 1.65; 95% confidence interval, 1.02-2.68; £= .05 vs no B-blocker), with
no difference in dysrhythmia, congestive heart failure, or 30-day mortality. When stratified into
low-risk, medium-risk, and high-risk groups within each procedure, all groups of preoperative (-
blocker patients had no difference or higher rates of MACEs and 30-day mortality, with the
exception of high-risk open AAA patients, who had a lower rate of MI (odds ratio, 0.35; 95%
confidence interval, 011-0.87; P=.04).

Conclusions—Exclusive of high-risk open AAA patients, preoperative p-blockers did not
decrease rates of MACEs or mortality after LEB, AFB, or open AAA. Importantly, exposure to
prophylactic preoperative p-blockers increased the rates of some adverse events in several
subgroups. Given these data, the SVS-VQI cannot support routine initiation of preoperative p-
blockers before major elective vascular surgery in most patients.

Lower extremity bypass (LEB) or open aortic operations for peripheral arterial occlusive
disease (PAOD) and abdominal aortic aneurysm (AAA) are performed in patients with a
high prevalence of concomitant cardiovascular disease.l2 These risk factors make these
patients vulnerable to developing postoperative major adverse cardiac events (MACES),
including myocardial infarction (MI), arrhythmia, congestive heart failure (CHF), or sudden
death.34 The primary factor leading to these outcomes is development of myocardial
ischemia resulting from plaque rupture, prolonged subendocardial hypoperfusion, or both. -
Adrenergic blocking medications (p-blockers) theoretically offer ideal protection from
MACEs because they lower myocardial oxygen demand and have plaque-stabilization
properties.® Indeed, multiple studies endorse the efficacy of preoperative (<30-day) B-
blocker initiation to reduce MACEs, and current national quality improvement programs and
international consensus guidelines advocate liberal use of preoperative p-blockers.6:”

However, more recent data have failed to confirm the benefits of initiating preoperative -
blockers before noncardiac surgery.8:9 Further, prior quality initiatives within the Vascular
Study Group of New England failed to document reduced preoperative heart rate or
postoperative M1 (POMI), despite a significant increase in preoperative -blocker use.1°
Perhaps more importantly, certain patient subgroups may be harmed by initiation of
preoperative B-blockers, particularly those at a low risk of cardiac events.1! Finally, concerns
regarding unsecured data in the Dutch Echocardiographic Cardiac Risk Evaluation Applying
Stress Echocardiography (DECREASE) family of trials, which had provided Level 1 data
for the benefit of perioperative B-blockers, has now led to calls for immediate retraction of
current guidelines for use of these medications.%12
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The purpose of this study was to determine whether the initiation of p-blockers before major
elective vascular surgery decreased postoperative cardiac events or mortality within the
Society for Vascular Surgery-Vascular Quality Initiative (SVS-VQI).

METHODS

The SVS-VQI is structured as a patient safety organization designated by the Agency for
Healthcare Research and Quality. This study was approved by the SVS-VQI Research
Advisory Committee and the Arterial Quality Committee and includes national data from all
VQI regional quality groups. In addition, the University of Florida Institutional Review
Board approved this study, and the need for patient consent was waived because no direct
harm resulted from the analysis and all included data were deidentified. Details regarding
this multicenter collaboration have been published and are available at
www.vascularqualityinitiative.org/components/svs-pso.13:14

Study cohort

All VQI patients undergoing elective open infrainguinal LEB (any indication/conduit; n =
9594), aortofemoral bypass (AFB; aortic inflow only for any indication/conduit; n = 1599),
or open AAA (OAAA; n = 3089) repair from January 2003 to June 2013 were reviewed.
These procedures were selected due to the known elevated risk of postoperative MACEs for
patients undergoing major open arterial reconstruction for PAOD and AAA.16:15.16 patients
undergoing urgent or emergency procedures were excluded. Only the first observation on a
patient who received more than one operation was included. Patients were dichotomized into
any preoperative B-blocker (started <30 days of surgery) and no preoperative B-blocker
exposure groups. The analysis excluded patients on chronic p-blockers (not started
prophylactically <30 days of surgery) because the primary goal of the analysis was to
understand risk of preoperative -blocker initiation, and patients on chronic p-blockers are
known to have a higher MACE risk.10 The subgroup of patients not previously on -blockers
is most affected by current quality improvement and practice guidelines.®”

Definitions and end points

As previously described, >100 clinical and demographic variables are collected for each
patient and prospectively entered into the VQI registry. 17 Coronary artery disease (CAD)
was defined as a history of MI, any coronary revascularization (coronary artery bypass
grafting, percutaneous coronary intervention), or a history of angina. Additional details
regarding specific definitions of various comorbidities within the VQI have been published’
and are available on-line at www.svsvqi.org. Preoperative cardiac stress testing was obtained
at the clinician’s discretion and included the most recent stress electrocardiogram, stress
echocardiogram, or nuclear stress test result <2 years.

The main outcome measures included development of any in-hospital, postoperative MACE
(clinically significant arrhythmia, CHF or MI) and 30-day death. MI was defined as new ST
or T wave, or both, electrocardiographic changes, troponin elevation, or documentation by
echocardiogram or other imaging modality. Clinically significant arrhythmias included any
new atrial or ventricular rhythm disturbance requiring treatment with medication or
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cardioversion. CHF included new pulmonary edema documented by chest radiograph and
requiring treatment or monitoring in the intensive care unit. Mortality events were verified
within the Social Security Death Index Master File.

Development of procedure-specific MACE prediction models

For each procedure (infrainguinal LEB, AFB, and OAAA), logistic regression was used to
assign individual patient risk scores reflecting the likelihood of MACESs. The risk score was
used to facilitate propensity matching between patients receiving preoperative 3-blockers
and those not given preoperative B-blockers and to stratify the matched cohort by MACE
risk. Therefore, all possible preoperative and intraoperative predictors of MACES were
considered for the models except B-blocker status. To minimize the effect of missing
variables, final risk models included only those variables whose exclusion resulted in
appreciable loss of predictive power. Candidate predictors were derived from known factors
associated with MACE16 as well as additional variables available in the data set that were
identified by literature review!>18 (Supplementary Table I, online only). Of note, data on
postoperative stroke and heart rate on arrival to the operating room before induction of
anesthesia were collected and analyzed.

The R 3.0.2 statistical software (The R Foundation for Statistical Computing, http:// www.r-
project.org/foundation/) was used to create a logistic regression model for the composite
MACE outcome that included all predictors. To reduce this model to the fewest possible
predictors without diminishing predictive power, the predictive value of the full model was
assessed using the area under the receiver operating characteristic curve (AUC). Next, a
stepwise elimination algorithm based on the Akaike information criterion (the stepAIC
function in the R package MASS) was used for model reduction. The reduced model AUC
was compared with the full model AUC to ensure that loss of predictive power in the
reduced model was no more than 1% lower than the full model. Risk scores (model-
estimated log-odds of MACES) were then assigned to each patient.

There were 9047 patients (94.3%) with complete information for all variables in the reduced
LEB MACE model. Similarly, 1474 AFB patients (92.2%) had complete information in the
reduced model. The AUC was .747 for the LEB model and .734 for the AFB model. Finally,
2770 OAAA patients (89.7%) had complete information for all variables in the reduced
model (AUC = .677).

To increase the robustness of our results, two closely related but separate analyses were
performed. Initially, propensity scoring was used to match each patient who received
preoperative p-blockers to a patient who received no p-blockers and then we compared the
results of matched pairs. This analysis attempts to mimic a clinical trial in which p-blockers
are assigned randomly to participants and focuses on providing information about the overall
effect of p-blocker exposure across all levels of cardiac risk. The limitations of this analysis
are that it is generalizable only to that subset of preoperative B-blocker patients for whom
suitable matches are found and discards information from patients not exposed to p-blockers
and not used for matching.
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In our second analysis, we stratified all patients by MACEs risk and analyzed the effect of -
blocker exposure separately within each risk strata. This ensured a comparison of outcomes
across the complete spectrum of patients and enabled us to look at the effects of p-blocker
exposure within each risk strata. This comparison was limited, however, by our ability to
accurately assess cardiac risk. Although both analyses involve retrospective data and are
necessarily imperfect, we believe that the similar results obtained from each approach
enhance credibility of our overall conclusions.

Analysis 1: Propensity-matched pairs analysis

To understand preoperative B-blocker exposure risk and to control for treatment-selection
bias, we performed a 1:1 propensity score-matched analysis (R 3.0.2). We estimated
likelihood of receiving a preoperative p-blocker for each patient, based on published
guidelines.®7 Propensity scores were generated using logistic regression with p-blocker
exposure (preoperative or none) as the outcome and the estimated log-odds of MACEs,
procedure (infrainguinal, suprainguinal, or OAAA), statin use, CAD history, prior bypass,
prior peripheral vascular intervention, prior major amputation, smoking history (current,
past, or none), hypertension, diabetes mellitus (requiring insulin or medication), prior
coronary artery bypass grafting, geographic region, and surgery year as predictor variables.
Patient pairs who were and were not exposed to B-blockers were matched using a greedy
algorithm with caliper width of 0.1 standard deviations of the estimated log-odds of
receiving preoperative -blockers. Covariate balance was assessed using the standardized
difference, with values <10% indicating minimal imbalance. We used the McNemar test to
compare the frequency of the primary outcomes.

Analysis 2: Procedure-specific risk stratification analysis

RESULTS

We used the risk scores assigned to each patient by the procedure-specific MACEs
prediction models described above to classify each patient in the full data set as low-risk,
medium-risk, or high-risk according to the tertiles of risk scores within each procedure. We
then used Xz or Fisher exact tests, as appropriate, to compare outcome rates between the p-
blocker groups within each risk category and within each procedure.

Patient cohort

Data from 14 regions, 151 centers, and 676 surgeons were contributed to the initial VQI
cohort consisting of 14,282 elective patients (LEB, 67% [n = 9594]; AFB, 11% [n = 1599];
and OAAA, 22% [n = 3089]). We excluded 991 patients (7%) due to missing data. The final
analysis cohort was 13,291 patients (LEB, 68% [n = 9047]; AFB, 11% [n = 1474]; and
OAAA, 21% [n = 2770]). At time of their index procedure, 67.7% (n = 8999) were on -
blockers; specifically, 13.2% (n = 1753) were identified to have been started on a
preoperative (0-30 day) p-blocker, 54.5% (n = 7426) were on chronic p-blockers, and
32.3% (n = 4286) were not on preoperative p-blockers. The trend in VQI B-blocker use over
time is depicted in Fig 1.
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Analysis 1: Propensity-matched pairs analysis

Overall matched-pairs outcomes—Demographic and clinical characteristics of the
study cohort, before and after propensity score matching, are reported in Table 1. By design,
no significant differences in rates of tobacco use, hypertension, statin exposure, prior open
or endovascular peripheral arterial operation history, diabetes, or pre-existing ischemic heart
disease were present between the matched groups. Overall, a MACE occurred in 9.3% (n =
1236), and 30-day mortality was 1.8% (n = 235). The effect of arrival heart rate control and
B-blocker exposure was analyzed among matched patients and no significant difference in
MACE rate was detected (Fig 2). The postoperative stroke rate was not different between
unmatched (no B-blocker, 0.6% [n = 22 of 3640] vs preoperative p-blocker, 0.9% [n = 8 of
931], P=.53) and matched (no B-blocker, 0.6% [n = 6 of 981] vs preoperative p-blocker,
0.9% [n = 8 of 924], P=.70) patients.

The rates of individual adverse cardiac events and 30-day mortality between the full study
cohort and the matched patients are depicted in Fig 3 and reported in Table 1I. Among the
full unmatched cohort, elevated rates of all MACESs and 30-day mortality were detected in
patients receiving preoperative p-blockers. Similar trends were also observed among
matched pairs. Specifically, elevated rates of dysrhythmia, CHF, and 30-day mortality were
noted for patients on preoperative p-blockers, but these were not significantly different.
However, matched patients receiving preoperative p-blockers were significantly more likely
to develop POMI (preoperative p-blocker: relative risk, 1.65; 95% confidence interval [Cl],
1.02-2.68; P=.05 vs no B-blocker).

Matched cardiac risk patient outcomes—The outcomes of matched patients that were
categorized by cardiac risk for development of postoperative MACEs is reported in Table 111
and depicted in Fig 4. When looking within the matched pairs by cardiac risk grouping,
similar trends toward elevated rates in the composite MACEs end point are noted for
patients who received preoperative p-blockers; however, none reached statistical
significance. When examining the matched patients at high cardiac risk, the composite
MACEs end point was elevated in the preoperative p-blocker patients and was primarily
driven by a significantly higher rate of POMI (preoperative p-blocker: relative risk, 1.75;
95% ClI, 1.01-3.03; P=.04 vs no pB-blocker).

The 30-day mortality rates were also elevated for patients at medium and high cardiac risk
receiving preoperative B-blockers within the matched cohorts, but these differences did not
reach significance. Despite the overall trend of elevated in-hospital MACEs and 30-day
mortality in patients receiving preoperative B-blockers, it did not translate into significantly
different 1-year survival for the entire matched group of patients (Fig 5, A). In
contradistinction, 1-year survival was significantly different among the matched patients
when compared across the different cardiac risk groupings (low-risk vs high-risk, log-rank,
P<.0001; Fig 5, B).

Analysis 2: Procedure-specific outcomes across cardiac risk strata for all patients

Infrainguinal LEB—For LEB patients, when grouped into categories of low, medium, and
high cardiac risk, significantly higher rates of postoperative dysrhythmia (odds ratio [OR],
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2.7;95% Cl, 1.23-5.58; P=.01) and any MACE (OR, 2.5; 95% Cl, 1.24-4.97; P=.008)
occurred in the low-cardiac-risk patients who received preoperative B-blockers. Similarly,
the high-cardiac-risk patients placed on preoperative p-blockers also had significantly higher
rates of POMI (OR, 2.0; 95% Cl, 1.15-3.48; P=.01) and 30-day mortality (OR, 2.3; 95%
Cl, 1.14-4.48; P=.02; Fig 6, A; Supplementary Table II, online only).

Suprainguinal bypass—With respect to patients undergoing elective AFB for a PAD
indication, although no significant difference in rates of MACE or 30-day death occurred
between the two groups across all cardiac risk strata, there was a general trend toward
elevated rates for many individual MACEs for patients receiving preoperative B-blockers.
However, a differential trend was noted in the high-cardiac-risk group; specifically, elevated
postoperative in-hospital MACE rates were seen in patients receiving preoperative -
blockers, which was primarily driven by increased rates of postoperative dysrhythmia, but
the 30-day mortality rate was lower compared with patients not receiving a preoperative p-
blocker (Fig 6, B; Supplementary Table 111, online only).

OAAA repair—Lastly, for patients undergoing OAAA repair, no difference in MACE or
30-day mortality rates was noted in the low-risk and medium-risk patients based on
preoperative B-blocker exposure; however, high-cardiac-risk patients receiving preoperative
B-blockers had significantly lower rates of POMI (OR, 0.35; 95% Cl, 0.11-0.87; £ =.04),
which identifies a patient group that may benefit from preoperative g-blockade (Fig 7;
Supplementary Table IV, online only).

DISCUSSION

The goal of initiating preoperative p-blockers is to reduce rates of postoperative MACES or
mortality, or both; however, these effects were not observed in this analysis of VQI patients
undergoing elective major vascular surgery operations. Patients were analyzed with two
methods in an attempt to determine the risk of preoperative p-blocker exposure, with
particular attention given to their cardiac risk status as well as to differences in primary
indication and operation type. Patients started on preoperative B-blockers did not have lower
rates of postoperative MACEs or 30-day mortality compared with matched patients without
preoperative B-blocker therapy.

Importantly, this study identified certain subgroups that, irrespective of preoperative cardiac
risk status, may be harmed by preoperative prophylactic p-blockade exposure, particularly
individuals undergoing elective LEB or AFB for a PAOD indication. On the basis of these
results and the increasing evidence in the reported literature, routine use of preoperative -
blockers in all vascular surgery patients within the VQI cannot be supported.

Interestingly however, we identified one subset of patients that may derive benefit from
initiating preoperative p-blockers, which is high-risk patients undergoing elective OAAA
repair. These data demonstrate that vascular patients are not only different from other
noncardiac surgical patients with regard to p-blockers but that there are also likely
significant differences within vascular disease groups, and OAAA patients may require
different perioperative management. This identifies a group where a randomized trial may be
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warranted to further delineate the potential benefit of preoperative p-blockers for reducing
postoperative MACEs.

Cardiac complications are responsible for significant morbidity and mortality after major
vascular surgery. Primarily based on two randomized controlled trials (RCTSs) in the
1990s,19:20 preoperative B-blockade was widely adopted as a simple intervention to reduce
the risk of these events. Indeed, practice guidelines were influenced so significantly by
results of various publications in the early 200052123 that routine initiation of preoperative
B-blockers for medium-risk and high-risk patients undergoing noncardiac surgery was linked
to best practice and patient safety standards.21:22.24

However, three RCTs published in 2005 and 2006 failed to confirm the benefit of routine
preoperative B-blockade.25-27 An insightful analysis by Lindenauer et al?8 demonstrated that
preoperative p-blockers reduced mortality only in patients with two or more revised cardiac
risk index (RCRI)18 factors but increased mortality in individuals with one or no risk factors.
Further concerns about the use of preoperative p-blockers in noncardiac surgery patients
were raised when results from the Preoperative Ischemic Evaluation (POISE) multicenter
RCT were published. 11 Patients randomized to preoperative B-blockers had lower rates of
POMI but an increased risk of hypotension, stroke, and death, albeit with a higher than usual
dose of perioperative B-blocker.11 As a result of these publications, best practice guidelines
changed in 200622 and 2009,5 and initiation of preoperative B-blockade in vascular surgery
patients with known CAD or inducible ischemia on preoperative testing was downgraded to
a Class lla recommendation.

The controversy surrounding preoperative p-blocker use is reflected in the VQI practice
patterns (Fig 1). From 2003 to 2013, a significant difference in preoperative p-blocker use
was noted, particularly when comparing 2007 (peak use) with 2012, most recent complete
year of data for this analysis: 26.9% (2007) vs 9.0% (2012; £<.0001). The VQI
preoperative B-blocker use trends were affected not only by the shifting landscape regarding
use of preoperative B-blockade during this time period but also due to results of an internal
regional quality initiative. A New England quality improvement effort from 2003 to 2008
significantly increased p-blocker use before vascular surgery (68% in 2003 vs 88% in 2008;
P <.001) but did not decrease incidence of POMI (5.2% in 2003 vs 5.5% in 2008; P=.
88).10

More recently, the scientific validity of two influential RCTs2%:30 supporting use of
preoperative B-blockers has been questioned.12:31 In addition, a systematic review by Bouri
et al® cited several reasons for discrediting the Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echocardiography (DECREASE I-1V) trials. These authors
demonstrated that when all other RCTs for initiation of p-blockers before noncardiac
surgery are analyzed separately from the DECREASE trials, a 27% increased risk of
mortality was found for patients exposed to preoperative B-blockade.® Indeed, our matched-
pairs analysis demonstrated increased rates of 30-day mortality for medium-risk and high-
risk patients on preoperative p-blockers; however, the difference did not reach statistical
significance (Fig 3).
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Further, in the secondary analysis, low-cardiac-risk LEB patients placed on preoperative -
blockers had significantly greater risk of any MACE (OR, 2.5; 95% ClI, 1.24-4.97; P=.008)
that was driven primarily by postoperative dysrhythmia (OR, 2.7; 95% Cl, 1.23-5.58; P=..
01). Similarly, high-cardiac-risk LEB patients exposed to preoperative p-blockade were
significantly more likely to have POMI (OR, 2.0; 95% Cl, 1.15-3.48; £=.01) and 30-day
mortality (OR, 2.3; 95% ClI, 1.14-4.48; P=.02) compared with patients not on preoperative
B-blockers (Fig 6, A).

To further confound the narrative about the safety and efficacy of preoperative p-blockers, a
recent report from London et al32 on noncardiac surgery patients in the Veterans Health
Administration demonstrated significantly lower rates of postoperative cardiac arrest, Q
wave MI, and 30-day all-cause mortality for patients receiving preoperative p-blockade.
Individuals with two or more RCRI predictors appeared to have the greatest benefit;
however, the authors conceded they were unable to detect significant associations between
B-blocker exposure and outcome in patients undergoing vascular surgery.32 This highlights
the importance of registries with data regarding specific patient groups.

Because of the on-going concerns regarding preoperative B-blockers, a systematic review
from the American College of Cardiology/American Heart Association was recently
completed and reported that preoperative p-blockade started <1 day before noncardiac
surgery prevents nonfatal POMI but increases the risk of stroke, death, hypotension, and
bradycardia.33 Moreover, without the controversial DECREASE studies, these authors
concluded that there are insufficient data on p-blockade started =2 days before surgery, and
new multicenter RCTs are needed to address this knowledge gap.33 Notably, only 2.0% of
patients in our VQI analysis were administered B-blockers <1 day of their operation, so a
robust analysis of this subgroup was not possible to investigate this association.

This study has some important limitations. First, despite the various analytic methods,
including the propensity analysis, this was not a randomized trial. Unmeasured bias and
confounding certainly may have influenced these results. Despite analyzing >13,000 patients
in three different high-risk vascular operations, event rates are relatively low, leading to
small numbers across risk groups limiting the ability to make definitive conclusions, as
evidenced by wide Cls in multiple analyses. Importantly, no dose information or
postoperative data regarding reason for continuation/titration or rationale for B-blocker
medication stoppage are available.

Lastly, the risk stratification models were specific to this data set and internally validated
with bootstrapping. The low-risk, medium-risk, and high-risk designation was based on risk
tertiles, so some may criticize this as an invalidated risk metric. However, risk models
always perform better on the data from which they are developed, and our only focus was to
derive the most accurate method of determining each patient’s preoperative risk of
postoperative MACES so subsequent analyses could be completed. This methodology
influenced these results and makes difficult comparisons with other studies using more
generalized risk prediction tools.
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Notably, we did not use the RCRI*® because most patients were missing cerebrovascular
disease history information. However, the RCRI is a model intended for wider clinical
application and accounts for only a limited number of patient factors. We believe our risk-
stratification index, which was created specifically for our data set using all variables
available in the VQI, can only be more accurate in assigning risk to our patients. In fact,
Bertges et al,16 whose methods we followed, demonstrated that a vascular surgery
procedure-specific risk index developed from the Vascular Study Group of New England
outperforms the RCRI.

CONCLUSIONS

Initiation of preoperative p-blockade did not significantly decrease MACE or 30-day
mortality in most VQI patients. The rate of MACESs was increased in multiple subgroups of
patients who received preoperative B-blockers. Routine initiation of B-blockers before major
vascular surgery in most VQI patients is not beneficial. However, initiation of preoperative
B-blockers in certain high-risk populations, such as OAAA may be protective, and a vascular
surgical disease-specific RCT in this cohort may be warranted.
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Refer to Web version on PubMed Central for supplementary material.
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This graph depicts the trends in B-blocker use within the Vascular Quality Initiative (VQI)
from 2003 to 2013 for elective patients undergoing infrainguinal lower extremity bypass
(LEB), aortofemoral bypass (AFB), and open abdominal aortic aneurysm (OAAA) repair.
Chronic p-blocker (use for >30 days preoperatively, b/ug) exposure remained relatively
consistent; however, a significant reduction in prophylactic preoperative p-blocker use (eg,
initiation within 0-30 days of operation, red) is noted. Specifically, comparison of the peak
year of use (2007) with the last complete year in the data set (2012) demonstrates a
significant decline (26.9% in 2007 vs 9.0% in 2012; £< .0001) in use of this intervention.
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This graph demonstrates a comparison of the overall major adverse cardiac event (MACE)
rate within different groups of patients who were and were not exposed to preoperative f3-
blockers as a function of how well their arrival to the operating room heart rate (HR) was
controlled (HR <70 beats/min [b/u€] vs HR >70 beats/min [red]). No significant difference
in MACE rate was noted within the different HR categories irrespective of the p-blocker
exposure history. When other cutoffs for HR control were analyzed, no significant

differences were found in MACE rate between groups.
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Fig 3.

Event Rate
1
Preop B-blocker  No B-blocker ~ B-blockers 1 B-blockers
benefit :harm

POMI 2.9% 1.8% e
Dysrhythmia 6.3% 5.1% _E_'—

CHF 2.4% 1.7% —
Any MACE 9.5% 7.5% -—
30-day death 1.9% 1.3% — .

1 2 3
Relative Risk (95% CI)

Overall major adverse cardiac event (MACE) and 30-day mortality is demonstrated for the
1459 matched pairs. Although elevated rates of multiple end points are noted among
matched patients exposed to preoperative -blockers, none reached statistical significance.
The solid squares indicate the mean difference, the dashed vertical line indicates no effect,
and the horizontal lines represents the 95% confidence intervals (C/s). CHF, Congestive
heart failure; POM/, postoperative myocardial infarction.
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The composite (A) of a major adverse cardiac event (MACE) and (B) 30-day mortality rates
with the accompanying forest plot describing the 95% confidence interval (C/; horizontal
line) are displayed for the different cardiac risk strata within the matched-pairs analysis.
Elevated rates of (A) MACEs and (B) 30-day mortality are seen; however, these did not
reach statistical significance. The solid squares indicate the mean difference, and the dashed
vertical line indicates no effect.
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Mortality by Risk Group, Matched Cohort
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The Kaplan-Meier plots demonstrate the all-cause mortality outcomes for (A) matched
patients as a function of preoperative p-blocker exposure or (B) cardiac risk stratification. A,
No significant survival difference was detected between matched patients exposed to
preoperative p-blockers (red lines) compared with those not exposed to B-blockers (b/ue
lines, log-rank, P=.40). B, As anticipated, differential survival is noted across the groups at
low (black line), medium (blue line), and high (red line) cardiac risk. Specifically, high-
cardiac-risk patients had significantly worse long-term survival (£ < .0001) than the low-risk

and medium-risk patients.
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Fig6.

Tﬁqese forest plots display the odds of an individual developing a major adverse cardiac event
(MACE) or 30-day mortality, or both, among (A) elective infrainguinal lower extremity
bypass (LEB) and (B) aortofemoral bypass (AFB) patients as a function of their preoperative
cardiac risk stratification. A, Low-risk and high-risk infrainguinal bypass patients exposed to
preoperative p-blockers had significantly higher risk of certain end points such as
dysrhythmia/any MACE (low risk) or postoperative myocardial infarction (POMI/)/30-day
mortality (high risk). B, Although elevated rates of many end points are seen in the AFB
patients exposed to B-blockers preoperatively, none reached statistical significance. The
solid squares indicate the mean difference, the dashed vertical line indicates no effect, and
the horizontal lines represents the 95% confidence intervals (C/s). CHF, Congestive heart
failure.

J Vasc Surg. Author manuscript; available in PMC 2017 August 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Scali et al.

Page 19

Low Risk
POMI
Dysrhythmia
CHF

Any MACE
30-day mortality

Medium Risk
POMI
Dysrhythmia
CHF

Any MACE
30-day mortality

High Risk
POMI
Dysrhythmia
CHF

Any MACE
30-day mortality

B-blockers , B-blockers
benefit :harm

1
Not estimable

T
Not estimable

t
Not estimable

O M, i [ (S

¥

6 8 1 2 3 4
QOdds Ratio (35% Cl)

Fig7.

Elective open abdominal aortic aneurysm (OAAA) patients initiated on prophylactic p-
blockers between 0 and 30 days preoperatively had no benefit in the low-cardiac-risk and
medium-cardiac-risk groups. However, high-cardiac-risk patients given preoperative -
blockers had a significantly lower likelihood of developing postoperative myocardial
infarction (POM/) compared with patients without preoperative p-blockers. The solid
squares indicate the mean difference, the dashed vertical line indicates no effect, and the
horizontal lines represents the 95% confidence intervals (C/s). CHF, Congestive heart
failure; MACE, major adverse cardiovascular event.
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Table Il

Outcomes by cardiac risk strata among matched patients

Risk strata Nop-B, No. (%) PreopB-B,No. (%) RRof pre-opp-B (95% Cl) P value®
Low risk 548 (49.8) 552 (50.2)
POMI 3(0.5) 3(05) 0.99 (0.20-4.90) 1
Dysrhythmia 13 (2.4) 20 (3.6) 1.53 (0.77-3.04) 29
CHF 3(0.5) 3(0.5) 0.99 (0.20-4.90) 1
Any MACE 18 (3.3) 23 (4.2) 1.27 (0.69-2.32) 53
30-day death 2(0.4) 0(0) NA 25
Medium risk 493 (50.0) 493 (50.0)
POMI 4(0.8) 7(1.4) 1.75 (0.52-5.94) 55
Dysrhythmia 24 (4.9) 25 (5.1) 1.04 (0.60-1.80) 1
CHF 1(0.2) 8 (1.6) 8.0 (1.00-63.7) .06
Any MACE 28 (5.7) 35 (7.1) 1.25 (0.77-2.02) 44
30-day death 3(0.6) 5(1.0) 1.67 (0.40-6.93) 73
High risk 418 (50.2) 414 (49.8)
POMI 19 (4.5) 33(8.0) 1.75 (1.01-3.03) 04
Dysrhythmia 38(9.1) 47 (11.4) 1.25 (0.83-1.87) 30
CHF 21 (5.0) 24 (5.8) 1.15 (0.65-2.04) 65
Any MACE 63 (15.1) 80 (19.3) 1.28 (0.95-1.73) 12
30-day death 14 (3.3) 22 (5.3) 1.59 (0.82-3.06) 18

B-B, B-blocker; CHF, congestive heart failure; C/, confidence interval; MACE, major adverse cardiac event; NA, not applicable; POMI,

postoperative myocardial infarction; RR, relative risk.

a . .
The Pvalue is the result of the XZ or Fisher exact test.
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