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BACKGROUND: Th use of beta-blockers or statins has been associated with decreased mortality after noncardiac surgery.

There are no prior perioperative studies of concurrent use of other cardioprotective drugs.

OBJECTIVE: To ascertain whether combinations of aspirin, beta-blockers, statins, and/or angiotensin-converting enzyme

(ACE) inhibitors were associated with decreased mortality 6 months after vascular surgery.

PATIENTS AND DESIGN: We performed a retrospective cohort study on the 3020 patients who underwent vascular surgery

between January 1998 and March 2005 at 5 regional Veterans Affairs (VA) medical centers. The Cochran-Mantel-Haenszel

test was used to assess associations with 6-month all-cause mortality for the combination drug exposures compared to no

exposure while adjusting for propensity score.

RESULTS: Exposure to all 4 of the study drugs compared to none had a propensity-adjusted relative risk (aRR) of 0.52 (95%

confidence interval [CI], 0.26-1.01; P ¼ 0.052), number needed to treat (NNT) 19; 3 drugs vs. none, aRR 0.60 (95% CI,

0.38-0.95; P ¼ 0.030), NNT 38; 2 drugs vs. none, aRR 0.68 (95% CI, 0.46-0.99; P ¼ 0.043), NNT 170; and 1 drug vs. none, aRR

0.88 (95% CI, 0.63-1.22; P ¼ 0.445). ACE inhibitor exposure was common in all combinations.

CONCLUSIONS: Combination use of 2 to 3 study drugs, some of which included ACE inhibitors, was associated with decreased

mortality after vascular surgery. Combination use of all 4 study drugs was not statistically significant due to the small number of

events in this group. Further prospective studies of combination perioperative aspirin, beta-blockers, statins, and ACE inhibitors

are warranted. Journal of Hospital Medicine 2010;5:218–225.VC 2010 Society of Hospital Medicine.
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Vascular surgery is the most morbid of the noncardiac sur-

geries, with a 30-day mortality estimated to be 3% to 10%

and 6-month mortality estimated to be 10% to 30%.1–4

Adverse outcomes are highly correlated with the presence of

perioperative ischemia and infarction. Perioperative ische-

mia is associated with a 9-fold increase in the odds of

unstable angina, nonfatal myocardial infarction, and cardiac

death, while a perioperative myocardial infarction increases

the odds of death 20-fold up to 2 years after surgery.5–7 Prior

research has centered on the single or combination use of

perioperative beta-blockers and statins, which has been

associated with decreased short-term and long-term mortal-

ity after vascular surgery,8–14 with the exceptions of the

Metoprolol After Vascular Surgery (MAVS)15 and the Periop-

erative Beta-Blockade (POBBLE) studies,16 which were nega-

tive beta-blocker randomized controlled trials exclusively in

vascular surgery patients, and the Perioperative Ischemic

Evaluation (POISE) study,17 which was the largest periopera-

tive beta-blocker trial to date in noncardiac surgery, with

41% of the patients undergoing vascular surgery.

There have been few studies assessing clinical outcomes

in patients taking multiple concurrent cardioprotective
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medications. Clinicians are challenged to apply research

results to their patients, who generally take multiple drugs. A

retrospective cohort study of acute coronary syndrome

patients did assess the use of evidence-based, combination

therapies, including aspirin, ACE inhibitors, beta-blockers,

and statins, compared to the use of none of these agents and

found an association with decreased 6-month mortality.18

There are no prior noncardiac surgery studies assessing the

concurrent use of multiple possibly cardioprotective drugs.

There is 1 cohort study of coronary artery bypass graft surgery

patients that assessed aspirin, ACE inhibitor, beta-blocker,

and statin use and found associations with decreased mortal-

ity.19 As preoperative coronary revascularization has not been

found to produce improved survival after vascular surgery,

clarifying which perioperative medicines alone or in combi-

nation may improve outcomes becomes even more impor-

tant.20 We sought to ascertain if the use of concurrent combi-

nation aspirin, ACE inhibitors, beta-blockers, and statins

compared to nonuse was associated with a decrease in 6-

month mortality after vascular surgery.

Patients and Methods
Setting and Subjects
All patients presenting for vascular surgery at 5 regional

Department of Veterans Affairs (VA) medical centers

between January 1998 and March 2005 (3062 patients) were

eligible for study entry. Patients with less than 6 months fol-

low-up were excluded (42 patients). The study included the

remaining 3020 patients (comprising 99% of the original

population). Our methods have been previously described.8

In brief, we conducted a retrospective cohort study using a

regional VA administrative and relational database contain-

ing information on both the outpatient and inpatient envi-

ronments. A record is generated for every contact a patient

makes with the VA healthcare system, including prescription

medications, laboratory values, demographic information,

International Classification of Diseases, 9th Revision (ICD-9)

codes, and vital status. In addition, we used the national VA

death index, the VA Beneficiary Identification and Records

Locator Subsystem database, which includes Social Security

Administration data, to assess vital status. A patient was

considered to have a drug exposure (aspirin, ACE inhibitor,

beta-blocker, or statin) if the patient filled or renewed a pre-

scription for the drug within 30 days before surgery. It was

determined how many of these drugs were taken during this

period, and in which combinations. The Institutional Review

Board (IRB) at the Portland VA Medical Center approved the

study with a waiver of informed consent.

Data Elements
For every patient we noted the type of vascular surgery (ca-

rotid, aortic, lower extremity bypass, or lower extremity

amputation), age, sex, comorbid conditions (hypertension,

cerebrovascular disease, cancer, diabetes, hyperlipidemia,

chronic obstructive pulmonary disease [COPD], chronic kid-

ney disease [CKD], coronary artery disease [CAD], or heart

failure), nutritional status (serum albumin), and other medi-

cation use (also defined as filling a prescription within 30

days before surgery [insulin and clonidine]). Insulin use was

documented to calculate the revised cardiac risk index

(RCRI),21 and clonidine was documented to account for as a

confounder.22 The RCRI was assigned to each patient. One

point was given for each of the following risk factors: use of

insulin, CAD, heart failure, cerebrovascular disease, CKD,

and high-risk surgery (intrathoracic, intraperitoneal, or

suprainguinal vascular procedures). These variables were

defined by ICD-9 codes. CKD was defined as either an ICD-

9 code for CKD or a serum creatinine >2 mg/dL. Patients

were identified by the index vascular surgery using ICD-9

codes in the VA database, and data were extracted from

both the inpatient and outpatient environments.

Statistical Analysis
Patients were included in the analysis if they either died

within 6 months or were followed for at least 6 months. Data

management and analyses were performed using SAS soft-

ware, version 9.0. We conducted the univariate analysis of 6-

month mortality using chi-square analysis and provided

unadjusted relative risk estimates for demographic and clini-

cal variables. Demographic variables included age, sex, year,

and site of surgery. Clinical variables included preoperative

use of insulin and clonidine, preoperative medical conditions,

serum albumin, creatinine, RCRI score, and type of surgery.

Bias due to confounding is a problem for studies that

cannot randomize subjects into treatment groups. This bias

can often be reduced by adjusting for the potentially con-

founding variables as covariates in regression models. How-

ever, when the number of potential confounders is large, as

it was in our study, and the number of events, ie, deaths, is

small, the resulting regression model can be unstable and

the estimates unreliable.23,24 In such cases, it is necessary to

control for confounding using another method. We chose to

use propensity scoring and stratification analyses since

these methods enable controlling for a large number of

covariates using a single variable.

The study drugs were: aspirin, beta-blockers, statins, and

ACE inhibitors. There are 16 combinations with 120 pairwise

statistical comparisons possible for these 4 drug exposures.

Instead of these multiple comparisons, we chose 4 classifi-

cations of combination drug exposure to examine: all 4

drugs compared to none, 3 drugs compared to none, 2

drugs compared to none, and 1 drug compared to none.

Four different propensity scores were generated since we

studied 4 different drug exposure classes. For each drug ex-

posure class, propensity analyses were performed by using

logistic regression to predict the likelihood of use of the

drug of interest using all potential demographic and clinical

confounding variables. Each subject received a score corre-

sponding to the probability of their having a drug exposure

based on the covariates. Scores were divided into quintiles,
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and these quintiles were used for stratification in Cochran-

Mantel-Haenszel analyses. Thus, we were able to test the

association of patient survival to 6 months with the category

of drug exposure comparisons within 30 days before surgery,

while controlling for all aforementioned potential confound-

ers. Results of the Breslow-Day test for homogeneity indi-

cated that no statistically significant differences existed

between the results of the propensity quintiles, so the over-

all summary statistic was reported. All quintiles achieved a

balance in the covariates. However, for the 4 study drug ex-

posure class, there were no deaths for the first (n ¼ 173)

and second (n ¼ 176) quintiles (corresponding to lower-risk

patients). We therefore excluded these patients from the

final analysis.

Variables used in propensity scores included: age, sex,

preoperative medical conditions, preoperative clonidine use,

nutritional status (serum albumin), RCRI score, and year

and location of surgery. To determine whether the propen-

sity score adjustment removed imbalance among the com-

parisons of the combination drug classes to the no-drug-ex-

posure patients, we evaluated associations between each

classification of study drug exposure and predictor variables

as compared to no-drug-exposure patients with both unad-

justed chi-square and propensity-adjusted Cochran-Mantel-

Haenszel analyses.

Results
Patient Characteristics
There were 3020 patients with a median age of 67 years,

and interquartile range of 59 to 75 years. Ninety-nine per-

cent were male, and all patients were assessed for death at

6 months after surgery (Table 1). Ten percent (304) had

combination all-4-drug exposure, 22% (652) had 3-drug ex-

posure, 24% (736) had 2-drug exposure, 26% (783) had 1-

drug exposure, and 18% (545) had no study drug exposures.

Eight percent (229) of surgeries were aortic, 28% (861) were

carotid, 28% (852) were lower extremity amputation, and

36% (1078) were lower extremity bypass. Twenty-two per-

cent (665) of patients were low risk, with a RCRI of 0, 60%

(1822) were moderate risk with a RCRI of 1 to 2, and 18%

(553) were high risk with a RCRI of �3. Overall the 6-month

mortality was 9.7% (294). The 6-month mortality for carotid

endarterectomy was 5.0% (43/861), for lower extremity

bypass 7.6% (82/1078), for aorta repair 9.2% (21/229), and

for lower extremity amputation 17.4% (148/852).

The most common single-drug exposure was aspirin,

14% (416), followed by ACE inhibitors, 5% (163) (Table 2).

The more common 2-drug exposures included ACE inhibi-

tors and aspirin, 7% (203), aspirin and beta-blockers, 5%

(161), and aspirin and statins, 5% (141). The common 3-

drug combinations included aspirin, beta-blockers, and sta-

tins, 8% (229); ACE inhibitors, aspirin, and statins, 6% (167);

and ACE inhibitors, aspirin, and beta-blockers, 5% (152).

ACE inhibitor exposure was common in all combinations,

eg, 20.8% of the 1-drug group had exposure to an ACE in-

hibitor, 40.5% in the 2-drug group, 64.9% in the 3-drug

group, and all patients in the 4-drug group. Overall, 39.3%

of patients in the study had ACE inhibitor exposure. The

gross unadjusted mortality for each drug exposure group

was 10.6% for the no drug group, 11.2% for the 1-drug

group, 10.1% for the 2-drug group, 8% for the 3-drug group,

and 7.2% for the 4-drug group.

During the 6 complete years of the study (1998-2004) the

frequency of combination exposure for all 4 study drugs

increased from 3.5% to 13.4%; 3-drug exposure also

increased, 14.7% to 27.8%; 2-drug exposure remained rela-

tively stable, 24.5% to 22%; and single-drug exposure

declined, 24.9% to 12.7% (Figure 1). Individual study drug

exposures over the 6 years of the study generally also

increased with respect to the other combinations: ACE in-

hibitor use increased, 34.5% to 42.5%; beta-blocker, 27.8% to

53.4%; statin, 22.6% to 52.2%. The exception was aspirin,

which was relatively stable, 54.5% in 1998, and 57.2% in

2004 (Figure 2).

We also compared the use of the study drug exposures at

6 months after surgery to use within 30 days before surgery

(Table 2). In the VA healthcare system aspirin is cheaper for

some patients to purchase over-the-counter. Aspirin is likely

underestimated in this dataset. The frequency of follow-up

drug exposure at 6 months was overall similar to the drug

exposure within 30 days before surgery. When aspirin was 1

of the combination exposures, the frequencies declined, and

when aspirin was not 1 of the exposures, the frequencies

generally increased. The frequency of no-drug exposures

increased from 18.1% before surgery to 24.5% 6 months af-

ter surgery, and the frequency of all 4 drug exposures

decreased from 10.1% to 6.1%, respectively.

Univariate Analysis
There were statistically significant differences in 6-month

mortality for the combination drug exposure classes com-

pared to no-drug exposure; P value for linear trend ¼ 0.018

(Table 1).

Propensity-adjusted Analysis
Patients categorized in each combination drug exposure

group were significantly different in their demographic and

clinical characteristics compared to the no-drug exposure

patients using unadjusted chi-square P values (Appendix Ta-

ble 1). However, after the propensity adjustments, only hy-

perlipidemia was statistically different for the combination

4-drug exposure patients compared to no-drug exposure

patients (Appendix Table 1). All other demographic and clin-

ical characteristics for the comparison of the drug exposure

classes to no-drug exposure patients had statistically non-

significant propensity-adjusted P values. The range of pro-

pensity score distribution was fairly comparable for each

combination drug exposure group. The Breslow-Day test for

homogeneity was not significant among the quintiles for

any of the drug exposure classes (Table 3; Appendix Table
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2), indicating that there was not a statistically significant

difference in stratum-specific relative risks between the dif-

ferent quintiles. Therefore, the summary adjusted result was

reported for each drug exposure group. Patients with all 4

drug exposures (with the first [n ¼ 173] and second [n ¼
166] quintiles excluded due to zero deaths) compared to no-

drug exposure patients had a marginally significant associa-

tion with decreased mortality, overall propensity-adjusted

relative risk (aRR) 0.52 (95% confidence interval [CI], 0.26-

1.01; P ¼ 0.052), number needed to treat (NNT) 19; patients

with the combination 3-drug exposure had a significant

association with decreased mortality, aRR 0.60 (95% CI,

0.38-0.95; P ¼ 0.030), NNT 38; as well as patients with

combination 2-drug exposure, aRR 0.68 (95% CI, 0.46-0.99;

P ¼ 0.043), NNT 170 (Table 3). Patients with 1 drug expo-

sure did not have an association with decreased mortality

compared to no-drug exposure patients, aRR 0.88 (95% CI,

0.63-1.22; P ¼ 0.445).

TABLE 1. Patient Demographics and Unadjusted Relative Risk of 6-month Mortality

Variable Level N (%) Overall N ¼ 3020 Relative Risk (95% CI) Chi Square P-Value

Age: year, median (IQR) 67 (59, 75) 1.04 (1.03–1.06) <0.001*

Sex Female 44 (1.5) 1 0.490

Male 2976 (98.5) 1.48 (0.46–4.81)

Preoperative medical conditions HTN 2388 (79.1) 1.40 (0.01–1.93) 0.036

DM 1455 (48.2) 1.45 (1.13–1.84) 0.003

COPD 912 (30.2) 1.71 (1.34–2.19) <0.001

CA 674 (22.3) 1.42 (1.09–1.86) 0.012

CKD 344 (11.4) 2.04 (1.49–2.80) <0.001

CAD 1479 (49.0) 1.51 (1.18–1.92) 0.001

CHF 911 (30.2) 2.41 (1.89–3.08) <0.001

CVA/TIA 802 (26.6) 1.08 (0.82–1.41) 0.587

Lipid 865 (28.6) 0.81 (0.61–1.06) 0.123

Blood chemistry Creatinine > 2 228 (7.5) 3.11 (2.22–4.36) <0.001

Albumin � 3.5 629 (20.8) 3.60 (2.80–4.62) <0.001

Medication use Aspirin 1773 (58.7) 1.12 (0.88–1.44) 0.355

ACE, inhibitor 1238 (41.0) 0.81 (0.63–1.04) 0.090

Statin 1214 (40.2) 0.66 (0.51–0.86) 0.001

Beta blocker 1202 (39.8) 0.76 (0.59–0.98) 0.031

Clonidine 115 (3.8) 1.65 (0.97–2.80) 0.080

Insulin 474 (15.7) 1.47 (1.09–1.98) 0.013

Number of study drugs used None 545 (18.0) 1 0.018y

One of 4 783 (25.9) 1.06 (0.75–1.51)

Two of 4 736 (24.4) 0.94 (0.65–1.35)

Three of 4 652 (21.6) 0.73 (0.49–1.08)

All four 304 (10.1) 0.66 (0.39–1.09)

Type of surgery Carotid 861 (28.5) 1 <0.001z

Bypass 1078 (35.7) 1.57 (1.07–2.29)

Aorta 229 (7.6) 1.92 (1.12–3.31)

Amputation 852 (28.2) 4.00 (2.81–5.70)

RCRI category 0 665 (22.0) 1 <0.001y

1 976 (32.3) 1.12 (0.76–1.66)

2 846 (28.0) 1.66 (1.14–2.42)

�3 553 (17.6) 2.83 (1.93–4.14)

Surgery year 1998 539 (17.8) 1 0.804z

1999 463 (15.3) 1.36 (0.89–2.07)

2000 418 (13.8) 1.07 (0.68–1.68)

2001 407 (13.5) 1.23 (0.79–1.92)

2002 368 (12.2) 1.34 (0.96–2.10)

2003 371 (12.3) 1.25 (0.80–1.97)

2004 395 (13.1) 1.17 (0.74–1.84)

2005 59 (2.0) 0.80 (0.28–2.30)

NOTE: Overall 6 month mortality: 9.7% (294).

Abbreviations: Ace, angiotensin-converting enzyme; CA, cancer; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebral vas-

cular disease; DM, diabetes mellitus; HTN, hypertension; IQR, interquartile range; Lipid, hyperlipidemia; RCRI, Revised cardiac risk index; TIA, transient ischemic attack.

* Age was continuous.
yP for linear trend.
zChi-square for overall group effect.
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Discussion
This retrospective cohort study has demonstrated that the

combination use of 4 drugs (aspirin, beta-blockers, statins,

and ACE inhibitors) compared to the use of none of these

drugs had a trend toward decreased mortality, with a 49%

decrease in propensity-adjusted 6-month mortality after

vascular surgery and an NNT of 19. In addition, the combi-

nation use of 3 drug exposures was significantly associated

with a 40% decrease in mortality, with propensity adjust-

ment and NNT of 38; and the 2-drug combination exposure

showed a significant association, with a propensity-adjusted

32% decreased mortality, and an NNT of 170. Both the

unadjusted and adjusted analyses showed a linear trend,

suggesting a dose-response effect of more study-drug expo-

sure association with less 6-month mortality and smaller

NNT.

The lack of statistical significance for the 4-drug exposure

group is likely due to few patients and events in this group,

and the exclusion of the first 2 quintiles (n ¼ 339) due to

having zero deaths with which to compare. It is not unusual

to exclude patients from analyses in propensity methods.

The patients we excluded were low-risk who had survived to

6-months after surgery, so they would have also been

excluded in a propensity-matched analysis. We did not per-

form propensity matching, as we had adequate homogene-

ity between our quintile strata, and were not powered to

perform matching.

This is the first evidence of which we are aware of an

association with decreased mortality for the combination

perioperative use of aspirin, beta-blockers, statins, and ACE

inhibitors in vascular surgery patients. Aspirin has been

associated with decreased mortality in patients undergoing

coronary artery bypass graft surgery,25 but the effects of as-

pirin on noncardiac surgery outcomes is less clear.26

Beta-blockers and statins have been associated with

decreased short-term and long-term mortality after vascular

surgery in the past,8–14 but more recent beta-blocker

studies have been negative, introducing controversy for the

topic.15–17,27 Beta-blockers are currently recommended

as: Class I (should be used), Evidence Level B (limited

TABLE 2. Frequencies of Combination Drug Exposure
Classes Before and 6 Months After Surgery

Drugs Used

Presurgery
6 Months

Postsurgery

Frequency % Frequency %

None 545 18.1 669 24.5

1 Drug

Aspirin 416 53.1 169 28.3

ACE inhibitor 163 20.8 135 22.6

Beta-blocker 110 14.1 163 27.2

Statin 94 12.0 131 21.9

All 1 drug 783 100.0 598 100.0

2 Drugs

Aspirin þ ACE inhibitor 203 27.6 102 14.4

Aspirin þ Beta-blocker 161 21.8 117 16.5

Aspirin þ Statin 141 19.2 86 12.1

ACE inhibitor þ Beta-blocker 56 7.6 103 14.5

ACE inhibitor þ Statin 89 12.1 126 17.7

Beta-blocker þ Statin 86 11.7 176 24.8

All 2 drugs 36 100.0 710 100.0

3 Drugs

Aspirin þ ACE inhibitor þ Beta-blocker 152 23.3 96 16.5

Aspirin þ ACE inhibitor þ Statin 167 25.6 103 17.7

Aspirin þ Beta- blocker þ Statin 229 35.1 165 28.4

ACE inhibitor þ Beta-blocker Statin 104 16.0 218 37.4

All 3 drugs 652 100.0 582 100.0

All 4 drugs 304 10.1 167 6.1

Total 3020 100.0 2726* 100.0

*There were 294 deaths.

Abbreviation: ACE, angiotensin-converting enzyme.

FIGURE 1. Frequency of combination study drug exposure
classes over time.

FIGURE 2. Frequency of individual study drugs over time.
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population risk strata evaluated) for vascular surgery

patients already taking a beta-blocker or with positive ische-

mia on stress testing; Class IIa (reasonable to use), Evidence

Level B for 1 or more clinical risk factors; or Class IIb (may

be considered), Evidence Level B for no clinical risk factors,

in the 2007 American College of Cardiology/American Heart

Association (ACC/AHA) guidelines for perioperative evalua-

tion.28 Perioperative beta-blocker trials that have titrated the

dose to a goal heart rate have consistently been associated

with improved outcomes after vascular surgery,10,12,29,30 and

perioperative beta-blocker trials that have used fixed dosing

after surgery have been negative,15–17,27 including the POISE

trial, which was associated with increased strokes and

mortality.

This is also the first evidence of which we are aware that

ACE inhibitors in combination with other drugs may be

associated with decreased mortality after vascular surgery.

While our study design does not support a causal relation-

ship between ACE inhibitor exposure and decreased mortal-

ity, the increasing exposure in each drug exposure group for

ACE inhibitors and correlated decreasing mortality is of suf-

ficient interest to warrant further study. The use of ACE

inhibitors has been associated with decreased mortality in

patients with atherosclerotic vascular disease and CAD.31

There has been a concern expressed in the literature about

the perioperative use of ACE inhibitors due to the potential

for intraoperative hypotension.32–36 Many centers advise

patients to discontinue ACE inhibitor use the day before

surgery. The number of patients studied remains small.

More research is needed to clarify this issue. Use of angio-

tensin-receptor blockers was not assessed; their use was

considered to be rare, because use was restricted to patients

intolerant of ACE inhibitors during the study period.

The 2005 ACC/AHA guideline for patients with peripheral

arterial disease recommends the use of aspirin and statins.37

ACE inhibitors are recommended for both asymptomatic

and symptomatic peripheral artery disease patients. The

2006 ACC/AHA guidelines for secondary prevention for

patients with coronary or other atherosclerotic vascular dis-

ease recommends the use of chronic beta-blockers.38 There

appears to be some benefit in mortality from the combina-

tion aspirin, beta-blocker, statin, and ACE inhibitor drug

regimen in patients with established atherosclerotic vascular

disease.

We expect the frequency of aspirin exposure to be under-

estimated in this study population (due to over-the-counter

undocumented use), so our findings may be somewhat

underestimated as well. This may also explain why the fre-

quency of aspirin remained constant over time while the

other drug exposures increased over time.

Our study has several limitations. First, our design was a

retrospective cohort. Propensity analysis attempts to correct

for confounding by indication in nonrandomized studies as

patients that are exposed to a study drug are different from

patients that are not exposed to the same study drug. For

example, without adjustment for the propensity scores, the

drug exposure classes were significantly associated with de-

mographic and clinical characteristics when compare to the

no-drug-exposure patients. However, with the propensity

score adjustment, these associations were no longer statisti-

cally significant, with the exception of hyperlipidemia in

patients taking all 4 drugs, which supports a rigorous pro-

pensity adjustment. We also controlled for the use of cloni-

dine and serum albumin, both strong predictors of death

after noncardiac surgery.22,39 Second, we utilized adminis-

trative ICD-9 code data for abstraction, and utilized only

documented and coded comorbidities in the VA database.

Unmeasured confounders may exist. Further, we cannot

identify which combinations of specific study drugs were

most associated with a reduction in 6-month mortality, but

we believe our data supports the case that all 4 of the study

drugs be considered for each patient undergoing vascular

surgery. It is important to also note that patient baseline

risk, which can be difficult to clarify in retrospective cohort

studies, will have a large impact on the results of the NNT.

Lastly, this study needs to be repeated in a population that

includes a greater number of female participants.

The combination exposure of 2 to 3 study drugs: aspirin,

beta-blockers, statins, and ACE inhibitors was consistently

associated with decreased 6-month mortality after vascular

TABLE 3. Propensity-adjusted Associations of Drug Exposure Classes With 6-month Mortality

Variable N (Overall N ¼ 3020)

6 Mo. Mortality

P Value*

Adjusted Relative

Risk (95% CI) of Death* NNTy

Nonuser User

% (n/N) % (n/N)

1 Drug vs. no drugs 1328 10.64 (58/545) 11.24 (88/783) 0.445 0.88 (0.63–1.22) —

2 Drugs vs. no drugs 1281 10.64 (58/545) 10.05 (74/736) 0.043 0.68 (0.46–0.99) 170

3 Drugs vs. no drugs 1197 10.64 (58/545) 7.98 (52/652) 0.030 0.60 (0.38–0.95) 38

4 Drugs vs. no drugs 510z 12.56 (26/207) 7.26 (22/303) 0.052 0.52 (0.26–1.01) 19

*Cochran-Mantel-Haenszel Method.
yFor groups with P value < 0.10.
zQuintile 1 (n ¼ 173) and 2 (n ¼ 166) were excluded from the overall adjusted score because of zero deaths in the user group.
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surgery, with a high prevalence of ACE inhibitor use, and

the combination exposure of all 4 study drugs was margin-

ally associated with decreased mortality. Consideration for

the individual patient undergoing vascular surgery should

include whether or not the patient may benefit from these 4

drugs. Further research with prospective and randomized

studies is needed to clarify the optimum timing of these

drugs and their combination efficacy in vascular surgery

patients with attention to patient-specific risk.
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