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Coronary Revascularization Strategy and Outcomes According to
Blood Pressure (from the International Verapamil SR-Trandolapril

Study [INVEST])

Scott J. Denardo, MDa,*, Franz H. Messerli, MDb, Efrain Gaxiola, MDc, Juan M. Aranda, Jr., MDa,
Rhonda M. Cooper-DeHoff, PharmDa,d, Eileen M. Handberg, PhDa, Yan Gong, PhDe,

Annette Champion, MBAf, Qian Zhou, PhDf, and Carl J. Pepine, MDa

The optimal blood pressure (BP) to prevent major adverse outcomes (death, myocardial
infarction, and stroke) for patients with hypertension and coronary artery disease who have
undergone previous revascularization is unknown but might be influenced by the type of
revascularization procedure. We analyzed data from the INternational VErapamil SR-Tran-
dolapril STudy, focusing on the relation between BP and the outcomes of 6,166 previously
revascularized patients, using the 16,410 nonrevascularized patients as a reference group. The
previous revascularization strategy consisted of coronary artery bypass grafting (CABG,
45.2%), percutaneous coronary intervention (PCI, 42.1%), or both (CABG�PCI, 12.8%).
Patients who had undergone both CABG�PCI and CABG-only had a greater adverse outcome
risk (adjusted hazard ratio 1.27% and 1.20%, 95% confidence interval 1.06 to 1.53 and 1.07 to
1.35, respectively). The risk was similar for PCI-only patients (adjusted hazard ratio 1.04, 95%
confidence interval 0.92 to 1.19). The relations between the adjusted hazard ratio and on-
treatment BP appeared J-shaped for each revascularization strategy, accentuated for PCI and
diastolic BP (DBP), but excepting CABG only and DBP for which the relation was linear and
positive. In conclusion, major adverse outcomes were more frequent in patients with coronary
artery disease who had undergone previous CABG, with or without PCI, compared to those
with previous PCI only. This likely reflected more severe vascular disease. The relation to
systolic BP was J-shaped for each strategy. Among those patients with previous CABG only,
the linear relation with DBP suggested that more complete revascularization might attenuate
hypoperfusion at a low DBP. The management of BP might, therefore, require modification of
targets according to the revascularization strategy to improve outcomes. Published by

Elsevier Inc. (Am J Cardiol 2010;106:498–503)
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The number of patients with coronary artery disease and
revious revascularization is increasing, and most of these
atients have hypertension.1 Major adverse outcomes
death, myocardial infarction, and stroke) occur more fre-
uently in this group than in similar patients without pre-
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ious revascularization, in part because of more adverse risk
onditions, leading to more severe vascular disease. Addi-
ionally, major adverse outcomes have been reported to be
elated to blood pressure (BP) in a quadratic or J-shape.1

owever, the relation between adverse outcomes and BP as a
unction of a specific previous revascularization strategy (cor-
nary artery bypass grafting [CABG], percutaneous coronary
ntervention [PCI], or both [CABG�PCI]) in hypertensive
atients is unknown. The INternational VErapamil SR-Tran-
olapril STudy (INVEST)2,3 provides an opportunity to ini-
iate an understanding of this relation. We report the results
f a substudy analysis focusing on the 6,166 of 22,576
NVEST patients who had undergone previous revascular-
zation, stratified by the revascularization strategy: CABG-
nly, PCI-only, or CABG�PCI.

ethods

The INVEST design, methods, and principal results have
een previously described in detail (registration site www.
linicaltrials.gov/ct2/show/NCT00133692; registration num-
er NCT00133692).2,3 The study was performed in accordance
ith the Declaration of Helsinki and approved by the local

thics committees, and all patients provided informed consent.

n brief, patients with clinically stable coronary artery disease

www.ajconline.org

http://www.clinicaltrials.gov/ct2/show/NCT00133692
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499Coronary Artery Disease/Revascularization Strategy and Outcomes by BP
ged �50 years with hypertension were randomized to
ither a verapamil sustained release (SR)- or an atenolol-
ased antihypertensive treatment strategy. The addition of
randolapril with or without hydrochlorothiazide was rec-
mmended if needed for BP control. Trandolapril was also
ecommended for patients with heart failure, diabetes, or
enal insufficiency. The BP treatment goal was �140/90
m Hg (or �130/85 mm Hg for patients with diabetes or

enal insufficiency). The primary adverse outcome was the
rst occurrence of all-cause death, nonfatal myocardial in-
arction, or nonfatal stroke. The secondary outcomes were
eath, fatal and nonfatal myocardial infarction, fatal and
onfatal stroke, and revascularization. The main results of
he INVEST were that both strategies provided excellent BP
ontrol (�70% patients achieved �140/90 mm Hg) and
ere equivalent for reducing mortality and major morbidity.
The original analysis focusing on patients with previous

oronary revascularization was prespecified1; however, the
resent subgroup analysis was not. Patients undergoing re-
ascularization �1 month immediately before enrollment
ere excluded from the present study. The data on any

evascularization procedures �1 month before enrollment
ere collected at baseline, including the specific strategy

CABG, PCI, and CABG�PCI).
The baseline data for each revascularization strategy

ave been summarized as the mean � SD for continuous
ariables and the number and percentage for categorical
ariables. The pulse pressure was calculated as the differ-

able 1
atient characteristics at enrollment according to revascularization strateg

haracteristic CABG
(n � 2,784)

ge (years) 68.3 � 8.8
ge �70 years 42.7%
ody mass index (kg/m2) 28.7 � 5.0
en 71.3%
nited States residency 82.1%
ace/ethnicity
White 74.8%
Black 8.8%
Hispanic 14.2%
Asian 0.9%
Other/multiracial 1.3%
yocardial infarction 47.8%
ngina pectoris 31.7%
nstable angina (�1 month before enrollment) 18.8%
troke/transient ischemic attack 9.3%
eft ventricular hypertrophy 19.5%
rrhythmia 8.7%
eart failure class I–III 7.5%
eripheral vascular disease 15.9%
igarette smoking (any history) 58.7%
iabetes 34.1%
enal impairment 3.6%
yslipidemia 74.0%
ntiplatelet drug therapy 82.7%
ipid-lowering drug therapy 60.8%

Data are presented as mean � SD or %.
*Comparing CABG, PCI, and CABG�PCI subpopulations.
nce between the systolic blood pressure (SBP) and dia- u
tolic blood pressure (DBP). In the present exploratory
nalysis, the patients were grouped by 10-mm Hg strata of
he average follow-up SBP. The distribution of the primary
utcome rate stratified by follow-up BP was evaluated to
etermine whether the relation was linear. Because the fre-
uency distributions were most commonly consistent with a
uadratic function, a quadratic stepwise Cox proportional
azard model was formed for the time interval to the pri-
ary outcome for each BP variable (factors for BP and
P2). A similar analysis was conducted for DBP. A SBP of
40 mm Hg and a DBP of 90 mm Hg were used as the
eference (hazard ratio [HR] 1.0) within each subgroup.

Kaplan-Meier analysis was used to assess the time inter-
al to the first event for the primary outcome. A stepwise
ox proportional hazard model was used to identify the

actors associated with the primary outcome among the 3
evascularization strategy groups and the nonrevascularized
eference group (n � 16,410). The following covariates
ere forced into the model: medical treatment strategy

verapamil SR vs atenolol), age (in decades), gender, race,
revious myocardial infarction, and previous congestive
eart failure. Other factors were retained in the final model
f p �0.10 was achieved.

To estimate the risk of the primary outcome for the
ifferent revascularization strategies, 3 separate Cox pro-
ortional hazard models with factors for CABG, PCI, and
ABG�PCI were conducted for the whole population (us-

ng the nonrevascularized population as the reference): (1)

CI
2,594)

CABG�PCI
(n � 788)

No Previous
Revascularization

(n � 16,410)

p Value†

� 9.4 67.2 � 9.2 65.6 � 9.9 �0.001
.3% 37.1% 31.6% �0.001
� 8.1 30.0 � 14.7 29.2 � 6.7 �0.001
.8% 68.4% 40.8% �0.001
.5% 90.9% 73.7% �0.001

�0.001
.2% 78.0% 39.0%
.5% 8.0% 15.1%
.4% 11.8% 43.1%
.8% 1.5% 0.6%
.1% 0.6% 2.2%
.5% 55.6% 25.1% �0.001
.3% 42.4% 78.2% �0.001
.5% 31.5% 7.5% �0.001
.0% 11.0% 6.6% 0.023
.9% 18.3% 23.1% �0.001
.1% 10.0% 6.7% 0.012
.4% 9.5% 5.2% �0.001
.0% 15.6% 11.3% �0.001
.4% 60.2% 41.6% �0.001
.8% 35.0% 27.1% �0.001
.9% 3.6% 1.5% �0.001
.4% 79.1% 48.5% 0.013
.9% 83.5% 46.4% 0.004
.5% 66.1% 27.3% 0.025
y

P
(n �

66.2
33

29.2
60
78

70
9

18
0
1

51
38
22

8
17

7
4

11
58
27

1
75
85
61
nadjusted model; (2) stepwise model; and (3) stepwise
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odel with the addition of the average follow-up SBP and
BP (linear and quadratic terms).
To control for the nonrandom assignment of patients to

ach of the 3 specific revascularization strategies (or to no
evascularization), we calculated the propensity score for each
atient to be in one group or another, adjusting for all demo-
raphic and clinical characteristics available for each patient at
he baseline as explanatory variables.4,5 The propensity score
as then used as a variable in the Cox proportional hazard
odel to adjust for any group membership differences attrib-

table to the variables used to create the propensity score. This
nalysis was performed as a sensitivity analysis to assess
hether the difference in baseline characteristics for each
roup explained the difference in the risk of the primary out-
ome.

Data management and statistical analyses were performed
sing Statistical Analysis System statistical software, version
.2 (SAS Institute, Cary, North Carolina). Statistical signifi-
ance was assumed when p �0.05 (2-tailed).

esults

Of the 22,576 patients enrolled in INVEST, 6,166 (27.3%)
ad undergone previous coronary revascularization: CABG,
,784 (45.2%); PCI, 2,594 (42.1%); and CABG�PCI, 788
12.8%). Those with CABG�PCI had the greatest prevalence

igure 1. BP stratified by revascularization strategy and for nonrevascu-
arized patients. Mean follow-up period was 32.9 � 10.3 months. PP �
ulse pressure.
f adverse conditions associated with a high risk of adverse g
utcomes, including a history of myocardial infarction, con-
estive heart failure, stroke/transient ischemic attack, dia-
etes, dyslipidemia, and cigarette smoking (Table 1). Those
ho had undergone CABG only had the second greatest
revalence of adverse conditions, and those who had un-
ergone PCI only had the lowest. However, those who had
ndergone CABG only had the lowest prevalence of angina.
he revascularized patients, as a group, compared to the
onrevascularized patients tended to be older, more fre-
uently men, white, and United States residents, with a
reater prevalence of characteristics associated with a high
isk of adverse outcomes.1

At baseline, the SBP and DBP were similar, regardless of
he revascularization strategy used and were lower com-
ared to the SBP and DBP of the nonrevascularized patients
p �0.001 for each revascularization strategy vs no previous
evascularization; Figure 1). The pulse pressure was greater
or CABG-only patients (p �0.001) but not for the
ABG�PCI and PCI-only patients (p �0.05) compared to
onrevascularized patients. The greatest decrease in SBP,
BP, and pulse pressure for all patients occurred during the
rst 6 weeks of treatment (p �0.001), followed by smaller
hanges out to 24 months. However, by 24 months, the SBP
as uniformly greater and the DBP was uniformly lower for

he CABG-only and CABG�PCI patients compared to the
CI-only and nonrevascularized patients (p �0.001). Thus, by
4 months, the pulse pressure was greater for the CABG-only
nd CABG�PCI patients compared to the PCI-only patients,
hose pulse pressure, in turn, was greater than that of the
onrevascularized patients (p �0.001). Among the revascular-
zed patients, the verapamil SR- and atenolol-based treatment
trategies resulted in similar control of BP, regardless of the
evascularization strategy used (data not shown).

A graded incidence in the primary outcome occurred for
he revascularized patients according to the revasculariza-
ion strategy. The incidence of the primary outcome was
reatest for the CABG�PCI patients (136 of 788 [17.3%]),
ollowed by the CABG-only patients (446 of 2,784
16.0%]), and was lowest for the PCI-only patients (295 of
,594 [11.4%]; Figure 2). Additionally, the differences be-
ween the cumulative primary outcome rates for each strat-
gy increased with time (Figure 3). The unadjusted HR for
he primary outcome was also greatest for the CABG�PCI
atients, followed by the CABG-only patients, and was
owest for the PCI-only patients (Table 2). Each unadjusted
R was significantly greater than that for the nonrevascu-

arized patients. Additionally, the adjusted and propensity
core HRs for the primary outcome for the CABG�PCI and
ABG-only patients decreased, but nonetheless remained

ignificantly greater compared to that of the nonrevascular-
zed patients. However, the adjusted and propensity score
Rs for the PCI-only patients decreased to a point not

ignificantly different than those of the nonrevascularized
atients. The results were similar after adjustment for the
aseline conditions and follow-up BP (data not shown).

The most frequent secondary outcome for all patients was
eath, followed by (for all patients, except for the PCI-only
atients) fatal and nonfatal myocardial infarction (Figure 2).
eath occurred most frequently among the CABG-only and
ABG�PCI patients, but the incidence was not significantly

reater than that for the nonrevascularized patients. However,
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501Coronary Artery Disease/Revascularization Strategy and Outcomes by BP
atal and nonfatal myocardial infarction occurred most fre-
uently among the CABG�PCI patients and, in contrast to the
ABG-only and PCI-only patients, the incidence was signifi-
antly greater than that for the nonrevascularized patients.
lso, although not as frequent, the incidence of fatal and
onfatal stroke was greatest among the CABG-only and

igure 2. Risk of adverse outcomes (adjusted) for revascularized pat
yocardial infarction.

igure 3. Survival without primary outcome as function of time for revas-
ularized patients stratified by strategy and for nonrevascularized patients.
ABG�PCI patients, and the incidence was, at least for the p
ABG-only patients, significantly greater than that for the
onrevascularized patients. Finally, although revasculariza-
ion occurred most frequently in the PCI-only and
ABG�PCI patients and was significantly greater than that

or the nonrevascularized patients, the incidence was still
elatively low (6.7% and 6.1%, respectively).

The relations between the incidence of the primary out-
ome and the mean follow-up SBP and DBP for each of the
revascularization strategies were fairly J-shaped (Figure

). A J-shaped curve was also almost uniformly observed
or the relations between the adjusted HR for the primary
utcome and the mean follow-up SBP and DBP for these 3
evascularization strategies (Figure 4). This J-shaped curve
as accentuated for the PCI patients and DBP. However,

or the PCI patients and SBP, the relation was not com-

ccording to strategy compared to nonrevascularized patients. MI �

able 2
azard ratio (HR) for primary outcome according to revascularization

trategy

evascularization
trategy

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Propensity HR
(95% CI)

ABG
(n � 2,784)

1.66 (1.50–1.85) 1.20 (1.07–1.35) 1.34 (1.00–1.80)

CI (n � 2,594) 1.16 (1.02–1.31) 1.04 (0.92–1.19) 1.06 (0.92–1.21)
ABG � PCI
(n � 788)

1.76 (1.48–2.10) 1.27 (1.06–1.53) 1.43 (1.03–1.98)

Unadjusted, adjusted for baseline conditions, and after propensity score
djustment (compared to no previous revascularization).

CI � confidence interval.
ients a
letely quadratic (p � 0.097 for the quadratic term). Also,
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or the CABG patients and DBP, the relation was linear and
ositive (p � 0.0003 for the linear term). Each of these
elations persisted after propensity scoring analysis. The
BP/DBP nadir was 125/55 for CABG, 145/80 for PCI, and
40/70 mm Hg for CABG�PCI.

iscussion

The results of the present INVEST substudy indicate that
ajor adverse outcomes for revascularized patients with

revious CABG, with or without PCI, were worse than the
utcomes for revascularized patients with previous PCI
nly, and that outcomes for the PCI-only patients were
imilar to those of the nonrevascularized patients. Addition-
lly, the results indicate that the relations between the ad-
usted HRs and follow-up SBP and DBP were uniformly
-shaped, accentuated for the PCI patients and DBP, but
xcepting the CABG patients and DBP, for which the rela-
ion was linear and positive.

The results also indicate that adverse baseline condi-
ions accounted for much of the increased risk of the
ABG�PCI and CABG-only patients (Table 2). In con-

igure 4. Incidence of primary outcome and HR (adjusted) as function of S
R (adjusted): 140 and 90 mm Hg, respectively.
rast, the results suggest that the adverse baseline conditions P
ccounted for essentially all the increased risk of the PCI
atients. One likely explanation for this deduction is that the
ABG�PCI and CABG-only patients had more advanced
ascular disease in general, as was suggested by their increased
ncidence of peripheral vascular disease and stroke/transient
schemic attack at baseline and their greater pulse pressures
uring the study (Figure 1). Although our analysis indicates
hat differences in follow-up SBP and DBP individually were
ot responsible for an increased risk of adverse outcomes
mong the CABG�PCI and CABG-only patients, previous
tudies have shown that an increased pulse pressure does
orrelate with adverse outcomes.6 Another possible explana-
ion is that the CABG procedure itself might have contributed
o the subsequent adverse outcomes, although the INVEST
as not designed to determine whether the increased risk was

ttributable to the procedure itself or to some other factor that
as not available for analysis.
The relation of the adjusted risk of adverse outcome with

ollow-up SBP and DBP varied according to the revascular-
zation strategy; however, for almost all, it was in the form of
J-shaped curve. The J-shaped curve was accentuated for the

DBP stratified by revascularization strategy. Reference SBP and DBP for
BP and
CI patients and DBP; however, for CABG patients and DBP,
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503Coronary Artery Disease/Revascularization Strategy and Outcomes by BP
he relation was linear and positive. The accentuated increase
n adverse outcomes at a lower DBP for the PCI patients might
ave involved the consequent decrease in coronary perfusion,
hich occurs primarily during diastole. This decrease in cor-
nary perfusion, especially if restenosis had occurred at the site
f PCI, could precipitate chronic myocardial ischemia.7 Addi-
ionally, this decrease in perfusion might promote the devel-
pment of thrombus, especially within a stent.8 Stent throm-
osis frequently precipitates acute myocardial ischemia, and
he incidence of death is high (31% to 45%).9,10

For CABG patients, the relation between the adjusted HR
nd DBP was not J-shaped but, rather, linear and positive. This
inear and positive relation is especially noteworthy, consider-
ng those patients with previous CABG had less angina than
hose with previous PCI or CABG�PCI (Table 1). This find-
ng might therefore have been the result of more complete
nd/or sustained revascularization such that those patients with
revious CABG could both tolerate and simultaneously re-
eive the benefits of a lower DBP. Regardless of the shape of
he curve, the relation of the adjusted risk of major adverse
utcomes with follow-up SBP and DBP suggests that manag-
ng BP to a specific target according to the type of revascular-
zation in future studies could result in improved outcomes.

The present substudy had 2 important limitations. First,
lthough the patients who had undergone previous revascu-
arization represented a prespecified population of interest,
he specific strategy of revascularization was not random-
zed. Second, randomization was not stratified to account
or the baseline characteristic of revascularization status in
eneral, nor was stratification of the revascularization pro-
edure used. Therefore, imbalances between the patient
roups might have been present beyond what we could
djust for in our analyses.
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