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A B S T R A C T

Cardiovascular disease (CVD) currently claims nearly one million lives yearly in the US, accounting for nearly
40% of all deaths. Coronary artery disease (CAD) accounts for the largest number of these deaths. While efforts
aimed at treating CAD in recent decades have concentrated on surgical and catheter-based interventions, limited
resources have been directed toward prevention and rehabilitation. CAD is commonly treated using percuta-
neous coronary intervention (PCI), and this treatment has increased exponentially since its adoption over three
decades ago. Recent questions have been raised regarding the cost-effectiveness of PCI, the extent to which PCI is
overused, and whether selected patients may benefit from optimal medical therapy in lieu of PCI. One alter-
native therapy that has been shown to improve outcomes in CAD is exercise therapy; exercise programs have
been shown to have numerous physiological benefits, and a growing number of studies have demonstrated
reductions in mortality. Given the high volume of PCI, its high cost, its lack of effect on survival and the potential
for alternative treatments including exercise, the current study is termed “PCI Alternative Using Sustained
Exercise” (PAUSE). The primary aim of PAUSE is to determine whether patients randomized to exercise and
lifestyle intervention have greater improvement in coronary function and anatomy compared to those rando-
mized to PCI. Coronary function and anatomy is determined using positron emission tomography combined with
computed tomographic angiography (PET/CTA). Our objective is to demonstrate the utility of a non-invasive
technology to document the efficacy of exercise as an alternative treatment strategy to PCI.

1. Background and rationale

Cardiovascular disease remains the most common cause of death
throughout the Western World. This condition currently claims nearly
one million lives yearly in the US, accounting for approximately 40% of
all deaths [1]. The total cost of cardiovascular disease in the US, in-
cluding hospitalizations and lost productivity, was approximately $555
billion in 2016 [2]. Coronary artery disease (CAD) accounts for the
largest number of deaths and the majority of these costs.

Since its inception more than three decades ago, the use of percu-
taneous coronary intervention (PCI) has become the most common
procedure for the treatment of CAD, and its use has increased con-
siderably. There are> 1.3 million stent procedures performed in the US
yearly [1], accounting for roughly 10% of the overall increase in
Medicare expenditures [3]. Evidence suggests that the rate of increase

in PCIs has leveled off in recent years, but the cost of PCI remains
substantial, estimated to be $67,000 per procedure [1].

In light of the extraordinary increase in the use of PCI in recent
years, questions have been raised regarding its cost-effectiveness, the
extent to which PCI is overused, and whether selected patients may
benefit from optimal medical therapy (OMT) in lieu of PCI [5–9]. In the
recent ORBITA trial for example, no differences in exercise capacity
were observed between 200 patients randomized to PCI or a sham
procedure after 6 weeks [4]. Despite the fact that PCI is expensive, re-
peat PCI is common [10], and there is no evidence for improved sur-
vival [11], alternative therapies are rarely considered. While efforts
aimed at treating CAD have concentrated on surgical and catheter-
based interventions, limited resources have been directed toward pre-
vention and rehabilitation [12–14]. One alternative therapy that has
been shown to improve outcomes in PCI candidates is intensive lifestyle
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intervention, including exercise training. Although there have been a
number of comparisons between OMT and PCI OMT has rarely included
exercise intervention, and little is known regarding the effects of ex-
ercise intervention on myocardial perfusion as an alternative to PCI.

Regular exercise has been shown to be an effective therapy for a
multitude of chronic conditions. Many recent studies have not only
shown protective effects of regular exercise for a wide spectrum of
disease processes [12–15], but have also demonstrated cardior-
espiratory fitness (CRF) to be a more powerful independent predictor of
all-cause mortality than traditional risk factors in various clinical po-
pulations [12,16–19]. The evidence supporting the prognostic appli-
cations of CRF was the impetus behind a recent AHA Scientific State-
ment advocating the routine assessment of CRF as a clinical vital sign

[19]. Given the high volume of PCI, its high cost, its lack of effect on
survival and the potential for alternative treatments including exercise
and risk reduction, we initiated the trial termed “PCI Alternative Using
Sustained Exercise” (PAUSE). The primary aim of PAUSE is to employ
non-invasive methods to determine whether patients randomized to
exercise intervention have similar or greater improvement in coronary
function and anatomy compared to those randomized to PCI.

2. Research design and methods

2.1. Study population

Stable patients between the ages of 50 and 70 years who have le-
sions appropriate for PCI based on American Heart Association/
American College of Cardiology (AHA/ACC) criteria are considered for
the study. Only patients with a good prognosis (annual mortality< 2%
based on VA multivariate scores [20,21]) are considered. Patients with
left main disease or proximal LAD disease are excluded.

2.2. Recruitment

Only subjects who receive their primary care at the VA Palo Alto
Health Care System are considered for the study. Subjects are recruited
from the following populations: 1) patients referred for a clinically-in-
dicated stress myocardial perfusion study; and 2) patients who have
anginal symptoms and/or a positive exercise test with> 1.0mm ST-

segment deviation from baseline on a standard treadmill exercise test,
estimated to have>80% probability of disease based on VA scores
[20,21]. Only those patients who would normally undergo coronary
angiography for clinical reasons are potential participants in the study.
Patients with significant left main disease, proximal LAD disease, and
those with diabetes mellitus or 3 vessel disease are excluded. Subjects
who agree to participate are consented, and then undergo baseline
testing, including cardiopulmonary exercise testing, symptom and
quality of life questionnaires, and PET/CTA. They are then randomized
to either the exercise or usual care groups. A clinically-indicated an-
giogram is then performed, and subjects randomized to the PCI group
undergo PCI.

The sequence of events for recruitment and randomization is as
follows:

A total of 64 subjects are being actively recruited; randomization is
stratified by age, exercise capacity, and BMI so that these variables will
be matched evenly between exercise intervention and PCI groups.

After informed consent is obtained, participants undergo a standard
clinical examination and thorough medical history. Along with the
baseline exercise test, questionnaires are administered regarding cur-
rent and past physical activity patterns, quality of life, and symptoms.
Fasting blood labs are obtained on a different day than the exercise test.

2.3. Cardiopulmonary exercise testing

Peak VO2 is determined at baseline and after 6months and 1 year on
a treadmill using an individualized ramp protocol with collection of
continuous ventilatory gas exchange responses. In accordance with
standard practice at the Palo Alto VAHCS, prior to exercise testing,
patients complete a questionnaire to estimate exercise capacity; the
questionnaire is used to individualize the exercise protocol, which al-
lows most patients to reach maximal effort within the recommended
range of 8 to 12min [22]. We previously observed that this protocol
provides the closest relation between measured and estimated meta-
bolic equivalents (METs) [23]. A 12-lead electrocardiogram, heart rate,
and blood pressure responses are monitored throughout the exercise
test and recovery period. Ventilatory gas exchange measurements are
obtained continuously at rest, throughout exercise, and during 5min of
recovery. All subjects are encouraged to give a maximal effort, and the
Borg 6–20 scale is used to quantify subjective effort [24]. Standardized
clinical indications for stopping are used. ST-segment depression is
measured visually at the J junction, and slope is determined over the
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following 60ms and classified as upsloping, horizontal, or down-
sloping. Blood pressure is measured manually, and exercise capacity is
measured directly using ventilatory gas exchange techniques. The ex-
ercise tests are performed, analyzed, and reported according to a
standardized protocol and utilizing a computerized database [25].

The Duke Treadmill Score [26] and the VA Prognostic Score [20]
are used to help estimate risk and assess suitability for exercise training.
The AHA Guidelines on Exercise Testing [27] recommend that the Duke
Score, which incorporates ischemic responses, symptoms, and exercise
capacity, be used for all clinical exercise testing to stratify risk. The VA
Prognostic Score was developed at the VA Palo Alto Health Care System
and incorporates pre-and post-test responses that have been shown to
powerfully estimate risk in Veterans referred for exercise testing [20].
Patients with evidence of significant coronary artery disease as de-
termined by profound ischemic markers, ominous arrhythmias, resting
ECGs that confound the recognition of ischemia (bundle branch
block,> 1mm ST depression, paced rhythm) are excluded. Patients
with hemodynamic instability or inability to exercise, those with
complicating illnesses, or questionable motivation to sustain prolonged
training are also excluded.

2.4. Exercise training

Initially, all subjects undergo supervised exercise sessions 1–3 times
weekly over a 2-month period. The purpose of these sessions is to fa-
miliarize the patients to their individualized training program, assess
stability during exercise, ascertain that they understand their exercise
prescription and how to use activity and heart rate logs, and to provide
guidelines and education in terms of what is expected of them during the
study. Subjects then exercise at home, and weekly phone calls are
scheduled with an exercise physiologist to ensure stability and com-
pliance, to review activity logs, and to modify the exercise prescription as
appropriate. Guidelines for patient monitoring, safety, and prescription
outlined by the AHA, American College of Sports Medicine (ACSM), and
American Association of Cardiovascular and Pulmonary Rehabilitation
(AACVPR) are followed [27–29]. The exercise sessions include 5-minute
warm-up and cool-down sessions prior to and following a combination of
continuous aerobic (treadmill walking, cycle ergometry, arm ergometry,
rowing, stair climbing) and resistance exercise. Exercise intensities are
initially targeted to achieve 40–60% of heart rate reserve for a duration of
30–60min, depending on the initial fitness of the individual. Progression
of exercise intensity is individualized in accordance with established
guidelines (ACSM, AACVPR [27–29]), with the goal to increase intensity
and duration to 60 to 85% heart rate reserve and at least 45min, re-
spectively. All in-house sessions and activity surveillance is supervised by
exercise physiologists certified by the ACSM [29].

2.5. Resistance training

During the initial supervised sessions, resistance exercise involves
an introduction to a low resistance, high repetition regimen including
upper and lower body major muscle groups under individualized su-
pervision in accordance with established guidelines. Resistance ex-
ercises will include leg press, leg extension, leg flexion, chest press,
shoulder press, row, and lat pull-down. During the first month of the
study, subjects perform 12 to 15 repetitions at 70% of the 5-repitition
maximum with a minimum 2-min rest period between sets. Subjects
gradually increase to 2 sets of these exercises, with increasing resistance
as tolerated throughout the study. Resistance training sessions are
performed 3 times weekly. Resistance exercise is performed in ac-
cordance with established guidelines [30,31], including proper con-
sideration of breathing techniques, mechanics, individualized re-
sistance, range of motion, and progression. Subjects are given hand-
held weights and Thera-Bands (Thera-Band, Inc., Akron, Ohio) in ac-
cordance with their capabilities and instructed on their use at home
based on their individualized prescription. At the baseline, 6 month,

and 12month evaluations, maximal isometric strength is measured
using a hand-grip dynamometer.

2.6. Home exercise training

Subjects undergo detailed instructions on individualized exercise
prescription, including how to monitor exercise intensity using heart rate
and perceived exertion, and how to use heart rate, activity tracking de-
vices, and pedometers. Cycle ergometers are provided for home use
(Stamina 4600, Springfield, MO), but the subjects are encouraged to
achieve an individualized, targeted exercise stimulus using walking and
other available modes of exercise to achieve their goals. Exercise guide-
lines are similar to those of supervised sessions. Subjects in the exercise
group also undergo education and encouragement to increase their daily
activities. Patient-oriented educational materials provided by the AHA
and CDC are distributed to all subjects in the exercise group.

2.7. Additional monitoring of daily activities

In addition to the formal training sessions, subjects are encouraged
to increase their daily activities, including exercising at a moderate
intensity (using their individualized exercise prescription) for a
minimum of 45min each day they do not exercise at the VA facility.
Activity is documented by issuing a pedometer (Accusplit AE-180, San
Jose, CA) and a Polar heart rate monitor (Polar Inc. Kempele, Finland).
Subjects are given standardized logs to record heart rate responses
during activity and steps at the end of each day.

2.8. Monitoring phone calls

For all subjects, follow-up phone calls are made weekly in order to
monitor compliance, to complete the Veterans Exercise Testing Study
(VETS) 7-day activity recall questionnaire, and address any clinical
concerns. Energy costs of activities are estimated from the ACSM
Compendium of Physical Activities [32]. Energy expenditure is ex-
pressed in terms of both kcal/week and MET/hours/week. A parallel
goal is to achieve 2000 kcals/week of energy expenditure based on the
VETS 7-Day Recall Questionnaire; this amount is the equivalent of
approximately 45min to 1 h of moderate activity most days of the
week. This amount has been a benchmark in epidemiologic studies both
in the VA and other populations, and has been shown to have a strong
inverse relation with mortality and cardiac events [33–35].

2.9. Blood panels

Standard blood labs and lipid panels including total cholesterol,
LDL, HDL, ApoB, lipoprotein(a), C-reactive protein, fasting glucose, and
triglycerides are determined at baseline, 6 months, and at 1 year for
both groups.

2.10. Questionnaires

During screening, at 6months, and at 12months, patients are given
a VA Physical Activity Questionnaire (VAPAQ), a Seattle Angina
Questionnaire (to assess symptom-related limitations and perceptions),
and a Quality of Life Questionnaire (SF-36, providing an 8-scale profile
of functional health and well-being scores as well as psychometrically-
based physical and mental health summary measures and a preference-
based health utility index).

3. PET/CTA study protocol

3.1. Rationale for the use of PET/CTA

Our objective is to demonstrate that exercise training, an interven-
tion that improves coronary artery endothelial function, can improve
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myocardial perfusion to a degree that is similar to PCI, an intervention
that decreases localized vessel obstruction. Both interventions improve
myocardial perfusion, but they have not been previously compared
using this technology. Myocardial blood flow determined by PET will
be the primary outcome measure. It will be measured by the sum dif-
ference score (SDS), which is defined as the difference between perfu-
sion at stress minus rest. SDS provides information on myocardial
perfusion pattern, highlighting the functional significance of anatomic
stenoses. It is a well-validated, semi-quantitative measure of ischemia.
It has been shown to be a precise correlate of the degree of coronary
artery disease, with a predictive accuracy that that is superior to other
non-invasive techniques including myocardial perfusion reserve [36].
Quantification of the SDS can be performed with chemical, exercise, or
psychological stress [36].

A global myocardial perfusion pattern measure is preferred because
a regional method could miss the global improvement in myocardial
blood flow associated with exercise training. PCI treats the target le-
sion; specifically, it lessens the obstruction of the stenotic epicardial
artery, resulting in regional flow improvement reflected in global
changes. Thus, the most equitable comparison is a measure of the
overall myocardial perfusion pattern and not just perfusion of the ter-
ritory supplied by the stenotic artery. In addition, we have chosen SDS
because previous studies have shown improvements in myocardial
perfusion pattern following either exercise training [37,38] or PCI [39],
and this type of stress is more convenient and reliable than other
stresses. Exercise training, with durations ranging from 4weeks to
1 year, has been shown to improve coronary endothelial function
measured by invasive angiography [40] and myocardial perfusion
measured by PET [38]. The latter study was an evaluation of 118 pa-
tients who underwent PCI and were then randomized after PCI to an
exercise training or usual care group; the investigators reported a 19%
improvement in myocardial perfusion pattern after 6months of exercise
training. Similarly, among patients evaluated before and after receiving
PCI, a 20% improvement in myocardial perfusion measured by PET was
observed [39]. However, a randomized controlled trial to determine
whether exercise or PCI provides greater improvement in myocardial
perfusion has not been performed.

PET perfusion imaging has also been shown to be highly re-
producible. In repeat studies of coronary blood flow and coronary flow
reserve, the correlation coefficients have been shown to be 0.98 and
0.96, respectively, with inter- and intra-observer reliabilities of 0.97
[41]. The diagnostic accuracy of PET has been reported in many stu-
dies; a weighted summary of these studies shows an overall predictive
accuracy of 0.90, higher than other non-invasive methods for detecting
coronary artery disease [42].

CTA, commonly performed in conjunction with PET, is a secondary
outcome. CTA complements PET in that it can non-invasively quantify
anatomical progression of atherosclerotic disease by determining the
amount of calcified plaque burden, which is quantified by the coronary
artery calcium score (CAC) [43]. CAC has also been shown to be highly
reproducible [43], is strongly correlated with angiographic coronary
disease [44], and is a powerful predictor of cardiac events independent
of other cardiovascular risk factors [45]. The combination of PET/CTA
provides information that previously could only be obtained invasively
using coronary flow wires and invasive x-ray angiography. This permits
a non-invasive way to evaluate both functional and anatomical adap-
tations to exercise.

3.2. PET methods

A hybrid 64-row PET/CT scanner (GE Discovery VCT, General
Electric, WI, USA) is used in the study. Images are acquired with si-
multaneous ECG gating (8 frames/cycle). Heart rate, arterial blood
pressure, and 12-lead ECGs are recorded continuously throughout the
evaluation. Heart rate and the arterial blood pressure obtained during
the first 2min of each dynamic image will be averaged and used to

calculate the rate-pressure product as an index of cardiac work.
Measurement of myocardial blood flow is performed at baseline and

1-year in all subjects. Intravenous 13NH3 is used as the flow tracer and
serial imaging with PET is performed [46,47]. Measurements are per-
formed at baseline, and after pharmacologic stress with dipyridamole
[48]. A 20-minute transmission scan is acquired first for correction of
photon attenuation [49]. After the first intravenous injection of 13NH3
(15 to 20mCi), resting serial transaxial images are acquired in a se-
quence consisting of 12 image frames of 10 s, 2 frames of 30 s, and 1
frame of 900 s. Forty-five minutes later, 0.56mg/kg of dipyridamole IV
will be infused over 4min [48]. 13NH3 (15 to 20mCi) is injected 4min
after the end of the dipyridamole infusion, and serial images are re-
corded in the same sequence. Myocardial blood flow at rest and fol-
lowing dipyridamole infusion is expressed as ml flow/100 g/min.
Myocardial perfusion reserve is calculated as the ratio of myocardial
blood flow during stress (e.g. after dipyridamole) and myocardial blood
flow at rest.

Semi-quantitative evaluation of the perfusion deficits is used to
compute the sum stress score and sum rest score. Stress and rest images
are divided according to the 17-segment model [50]. Perfusion in each
segment is scored based on the following scale: 0 – Normal, 1 – Slight
(equivocal), 2 – Moderate, 3 – Severe, and 4 – Absent. The sum rest and
stress scores are computed individually. The SDS is calculated by sub-
tracting the sum rest score (SRS) from the sum stress score (SSS) (e.g.,
SDS= SSS – SRS) and reflects the global ischemic burden. The score
defines whether ischemia is present and the location and extent of the
ischemia relative to the specific myocardial territory. The size of
myocardial perfusion defects is expressed as percentage of the left
ventricle. In general, defect extent is defined as small (5 to 10% of the
left ventricle), medium (15 to 20% of the left ventricle), or large
(> 20% of the left ventricle). Defect severity is defined as mild, mod-
erate, or severe based on myocardial tracer content compared against
normalized data [51]. Blinded, qualitative, consensus interpretation is
performed by Drs. Nguyen, Vasanawala and Segall.

3.3. CT Imaging

After myocardial perfusion imaging, all patients undergo calcium
scoring and CT angiography (120 kv; 500mA). First, a prospectively
gated low dose sequential CT scan of the heart is performed for cor-
onary calcium detection and quantification. Patients with pre-scan
heart rates above 70 beats per minute receive intravenous beta-blocker
therapy (5 to 15mg metoprolol tartrate) immediately prior to the CT
scan if no contraindications are present. Additionally, 0.04mg of sub-
lingual nitroglycerin is administered for coronary dilatation prior to the
scan. ECG-pulsing for radiation dose reduction is used in all patients.
Synchronized to the ECG, CT data sets are retrospectively reconstructed
in mid- to end-diastolic phases and additional phases if needed for
optimal coronary artery visualization. Standard reconstruction para-
meters for slice thickness, field of view, and convolution kernel is used.
For post-processing and image interpretation, the images are then
transferred to an external designated workstation (Advantage
Workstation, GE).

A comparison of coronary lesions (progression or regression of
stenosis and change in calcified and noncalicified plaque area) between
the two groups at baseline and 1 year post-randomization using CT with
contrast is a secondary outcome. For analysis of anatomy [51], a
scoring system is used to quantify disease progression or regression.
Stenoses with< 10% change in diameter reduction will be classified as
unchanged (± 0). A difference≥10% between baseline and follow-up
is graded as progression (+1) and a negative difference≥10% is
graded as regression (−1). Any lesion that necessitates intervention by
PCI or bypass surgery is assigned a grade of +3. Progression from
subtotal occlusion to total occlusion (99% to 100%) and spontaneous
recanalization is not graded. In the culprit lesion, an asymptomatic in-
stent restenosis< 50% is calculated as no change (± 0). An in-stent
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restenosis of ≥50% is rated as progression (+1). An in-stent stenosis
≥50% that required intervention is classified as progression (+3). A
single variable is calculated per patient by adding the grades assigned
to the separate stenoses. For analysis of calcified and non-calcified
plaque burden [52], the coronary arteries are divided into 12 segments
according to the AHA classification [43]. For every coronary artery
segment (identified via side branches) the presence of calcified or
noncalcified plaque, both, or neither is determined using axial and
multiplanar reformatted images. To measure plaque volume in each
coronary segment, contiguous 1mm thick cross sectional images of the
coronary arteries are rendered and displayed with a fixed setting (700-
HU window, 200-HU level). Plaque areas are manually traced and vo-
lume calculated by multiplying area and slice increment. In the distal
segments, analysis of plaque is limited to the proximal 20mm. For
comparison of calcium scores, total calcium and per artery calcium
scores is compared.

4. PCI group

The PCI group is followed by their cardiologist and receives usual
clinical care. Subjects in both groups are Veterans who receive their
routine care at our facility. The testing schedule, timelines, and all
procedures (except exercise training and PCI) are similar between the
PCI and exercise groups. Physical activity patterns will be monitored in
a similar fashion in both the PCI and exercise groups.

5. Cost effectiveness analysis

The cost analysis will examine two research questions:

1. Does exercise training reduce healthcare costs as compared to
standard PCI after 1-year? and

2. Is a program of exercise rehabilitation more cost-effective compared
to PCI?

These findings are considered preliminary for a larger study, given
the study's sample size. In order to derive all the necessary information
related to the cost analyses, only subjects who receive their routine care
at the VA Palo Alto HCS are recruited for the study (approximately 97%
of patients referred for PCI receive their care at our facility).

For the purpose of this cost analysis, “effectiveness” of the inter-
vention is defined by the primary outcome at the patient level. That is,
changes from baseline in individual global myocardial perfusion pat-
tern with dipyridamole at 1-year is used to calculate the effect.
Individual level change scores are associated with individual inter-
vention net-costs (intervention delivery minus healthcare expense cost-
savings), to provide confidence intervals of each economic value.

5.1. Estimating intervention's costs and healthcare expenses

The cost identification analysis is from the provider's (VA's) per-
spective because of the life-long entitlement of VA services for veterans.
We identify the VA expense to produce the service in each intervention
or study arm. In addition, since we hypothesize a net cost-savings to the
VA in the long-run, we must collect the VA healthcare utilization during
the study period and estimate the total expense. This valuation step is
complicated by the current state of cost accounting in the VA. Both the
internal VA Decision Support System (DSS) valuation and an external
reference created from national Medicare reimbursement values are
being used [53,54]. We have previously used the VA DSS to evaluate
health care costs associated with fitness [55–57] and physical activity
patterns [58]. This approach is consistent with the VA HSR&D Services'
Health Economics Resource Center's (HERC) 2002 recommendations, as
long as everything is within one facility.

5.2. Intervention's delivery expense

We initially estimate the cost of delivering care for the intervention
and for routine care (PCI). The incremental cost of production for the
intervention is expected to be the additional personnel time required to
add the incremental intensity of care. We are following the framework
proposed by Donaldson [59] where personnel, materials, supplies and
space are included in this estimate. To the extent possible, DSS data is
being used, which is a micro-costing approach. Such cost-identification
must be at the patient-level with comparison of means at the group
level in order to gain confidence intervals of the estimates.

5.3. Intervention cost identification data collection

The provider's perspective constrains cost identification to the local
facility's personnel time, materials, procedures, etc. The VA computer-
ized medical records system (CPRS) template of patient encounter
times, personnel and procedures, and medications involved is quanti-
fied. This will document the appropriate expenses. Base salary and
fringe for all personnel involved with the patient is being determined
from personnel files. Space required for each encounter will be identi-
fied and valued by VA estimates.

5.4. Healthcare utilization and expense estimates

The delivery costs must then be offset by the healthcare cost-savings
(as compared to the non-intervened group) based in VA healthcare
utilization for each patient to acquire the net cost-savings. The differ-
ence between the means of each group, after ranking in effectiveness
order, provides the incremental cost of the cost-effectiveness analysis.
Issues of discounting dollar amounts for inflation and time value of
money are handled by sensitivity analysis and methods consistent with
Gold et al. [60]. Concerns for patient preferences and a societal esti-
mation are not addressed in this study.

5.5. VA utilization extractions and cost-savings estimates

Using the VA system (CPRS), we are tracking the actual patient care
utilization (e.g., inpatient and outpatient visits, events, hospitalizations,
procedures and prescriptions) during the study period for each patient
in the trial. This permits the comparison of the expected differences in
hospitalizations, physician visits, medications and ER visits. The dif-
ference in units of service (physician / primary care visits; ER visits and
hospitalizations) are being valued using the Medicare national average,
without differentials for teaching affiliation and geographic location,
and by national average DSS values from the VA. Medical events are
chronologically ordered for each patient, and reassembled into one-
year episodes of care for both pre- and post intervention periods to
acquire the cost-savings impact of the intervention at the patient-level.
Thus, a patient's individual cost-savings as well as a comparison against
the routine care group's mean will be obtained.

6. Discussion

Exercise and lifestyle interventions are underutilized strategies in
the management of patients with CVD pre- and post-revascularization
despite their potential value. Although coronary interventions are part
of routine practice, they are often driven by economic factors while
minimal attention is given to which patients may benefit the most from
them. This partly explains the low overall referral rate to cardiac re-
habilitation in the US (reported to be only 10–20% of eligible patients
[61,62]). This pattern persists even though rehabilitation programs
result in physiologic adaptations not achievable with PCI alone, in-
cluding improved functional capacity, enhanced endothelial function,
skeletal muscle metabolic changes, and improved risk factor profiles
[15,27,28,33,63]. The PAUSE trial extends previous studies that have
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documented the benefits of cardiac rehabilitation by using newer, non-
invasive technologies to quantify coronary anatomy and perfusion fol-
lowing exercise training and lifestyle intervention. In addition, the trial
quantifies clinical outcomes, risk markers, and quality of life in patients
randomized to PCI or exercise training. Moreover, this is the first ran-
domized trial to our knowledge to systematically assess cost-effective-
ness of rehabilitation compared to PCI.

There have been major increases in the use of PCI in recent years,
with considerable costs associated with it. While it is commonly as-
sumed that PCI also reduces mortality, randomized trials have shown
that PCI has minimal effect on 1- to 5-year mortality except patients
with severe CAD or those treated for acute myocardial infarction
[4,5,11,64]. For example, in the recent Objective Randomized Blinded
Investigation with Optimal Medical Therapy of Angioplasty in Stable
Angina (ORBITA) trial, 230 patients with stable angina underwent
randomization to receive PCI or a sham procedure [4]. There was no
significant difference in the primary endpoint of exercise capacity be-
tween groups, no differences in angina symptoms and, importantly,
there were no differences in myocardial infarction or mortality rates in
patients who underwent PCI vs. controls. The observation that symp-
toms did not differ between groups is notable given that PCI is often
performed to reduce angina symptoms. In the Clinical Outcomes Uti-
lizing Revascularization and Aggressive Drug Evaluation (COURAGE)
trial, a VA Cooperative study comparing PCI to optimal medical therapy
in 2287 patients with chronic stable angina, PCI did not reduce the risk
of death, myocardial infarction, or other major cardiovascular events
compared to optimal medical therapy [5]. In a substudy of the
COURAGE trial, the added cost of PCI versus optimal medical therapy
was approximately $10,000 USD per patient, with no benefits in terms
of life-years or quality-adjusted life years gained [65]. In another sub-
study of COURAGE focusing on the effect of PCI on quality of life, it was
demonstrated that the cost for 1 patient to have a clinically significant
improvement in angina exceeded $100,000 [66]. The ORBITA,
COURAGE, and other trial results demonstrate that it is safe to defer PCI
in selected patients with symptomatic CAD, and deferring PCI achieves
an appreciable savings in health care expenditures. In light of recent
trials demonstrating benefits in coronary vascular function, coronary
risk, and cost savings attributable to exercise training in patients with
stable symptomatic CAD [28,40,63], it is possible that the addition of
an exercise program to optimal medical therapy in PCI candidates
would result in even better outcomes and cost savings.

There is a need to evaluate more judicious use of PCI and to consider
less costly interventions for at least some of the> 1.3 million patients
in the U.S. who undergo this procedure each year. Lifestyle interven-
tion, including exercise training, is one option that has been shown to
result in reduced symptoms, better exercise tolerance, improved quality
of life and lower mortality [40,28,63]. A growing body of data has
demonstrated that exercise intervention improves coronary anatomy
and lessens ischemia through enhanced endothelial function
[33,40,63,67]. While a significant proportion of health care ex-
penditures are devoted to PCI and other invasive interventions for CVD,
few health care resources are directed toward primary or secondary
prevention. Recent studies have demonstrated that programs of cardiac
rehabilitation, with and without implementation of intensive risk re-
duction, are cost effective [40,63,68]. We [56–59] and others [68] have
observed that higher physical activity patterns, higher levels of fitness,
or both, are associated with lower health care costs. Prospective trials
such as the INTERHEART [70] and HALE [71] studies, and long-term
observational studies including the Nurses' Health Study [72], the
Health Professionals Follow-up Study [73], and the Veterans Exercise
Testing Study (VETS) [16,17,34,74], have shown that lifestyle factors,
including physical activity, fitness, smoking cessation, and dietary in-
tervention have a major impact on cardiovascular and all-cause mor-
tality. Preventive health strategies with the potential to decrease health
care costs are of critical importance in the US and elsewhere, and these
latter studies provide an economic-based impetus for health care

providers and health systems to promote physical activity.

6.1. Summary

We anticipate that the current study will add to a growing body of
data suggesting that many patients benefit from optimal medical
management to an extent that is similar to PCI. Previous comparisons
between PCI and optimal medical management have lacked an exercise
intervention component, and the PAUSE trial extends these studies by
adding case-managed exercise training to optimal medical manage-
ment. This approach could also provide an impetus to refer patients to
rehabilitation programs as a complement to PCI [75], or as an alter-
native to PCI in selected patients [40]. It may also add support to the
concept that patients evaluated for ischemia can exercise safely and
effectively in a supervised setting with support of the primary care
provider or cardiologist. In addition, there is a large “wait and see”
population, in whom PCI is not critically urgent, who can not only
benefit from exercise therapy, but can also improve both their long-
term prognosis and reduce health care costs. At minimum, the available
data to date provides additional groundwork for expanding the popu-
lation that can potentially benefit from exercise therapy, particularly
given the poor referral rates to cardiac rehabilitation programs [62].
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