Acta Cardiol 2007, 62(2): 143-150  doi: 10.2143/AC.62.2.2020234 143

Routine functional testing after percutaneous coronary intervention: results of the
Aggressive Diagnosis of Restenosis in High-Risk Patients (ADORE II) trial

Mark J. EISENBERG!, Brooke WILSON!, Clande LAUZON?, Thao HUYNH?, Michael EISEN-
HAUER?, Koon Hon MAKS, James C. BLANKENSHIP6 Michel DOUCET?, and Louise PILOTE? for
the ADORE II Investigators

Jewish General Hospital, Montreal Quebec, Canada; 2Centre Hospitalier de la Région de I’Amiante,
Thetford Mines, Quebec, Canada; Montreal General Hospital, Montreal, Quebec, Canada; William
Beaumont Medical Center, El Paso, TX; 'Gleneagles Medical Center, Smgapme Geisinger Medical
Center, Danville, PA; "University of Montreal Health Center, Montreal, Quebec, Canada,

Background — It is unclear whether routine or selective functional testing is optimal following
percutaneous coronary intervention (PCl) in high-risk patients.

Objectives — The aim of this trial was to compare exercise endurance, functional status, and qual-
ity of life (QOL) among high-risk patients randomized to either routine or selective functional test-
ing following PCI.

Methods — We randomized 84 patients to either routine or selective functional testing. Patients
had one or more of the following: multivessel PCl, diabetes mellitus, left ventricular ejection frac-
tion < 35%, and/or PCI of the proximal left anterior descending artery. Patients in the routine arm
(n =41) underwent maximum endurance exercise treadmill testing (ETT) with nuclear perfusion
imaging at 1.5 and 6 months, Patients in the selective arm (n =43) only underwent functional test-
ing for a clinical indication. All patients underwent a maximum endurance ETT at 9 months. Exercise
endurance, functional status, and QOL were assessed at 9 months.

Results — Most patients were middle-aged men (58 £ 10 years old; 87% male) who underwent PCl
with stenting (94%). Among routine functional testing patients, 27.0% and 41.9% had a positive func-
tional test at 1.5 and 6 months, respectively. Exercise endurance was improved in the routine vs. selec-
tive arm at 9 months (metabolic equivalents: 10.3 £2.6 vs. 8.6 £3.0, P=0.013). There was no differ-
ence in improvement from baseline for the Duke Activity Status Index, the Seattle Angina
Questionnaire, or the SF-36. Nihe-month cumulative incidences of cardiac procedures and clinical
events were not significantly different.

Conclusions — Routine functional testing following PCl in high-risk patients may lead to improved
exercise endurance but not improved QOL.
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Introduction going stent implantation with bare metal stents,
restenosis rates are 20-30%°*. Implantation of a drug-
eluting stent leads to restenosis rates in the single
digits®. Because approximately 50% of patients with
restenosis remain asymptomatict, many physicians still
employ a strategy of routine functional testing after
PCL, in which all patients undergo functional testing”?
In contrast, other physicians use a selective or clini-

cally driven strategy, in which patients do not undergo

More than 800,000 percutaneous coronary inter-
ventions (PCls) are performed annually in North
Americal-3. For patients undergoing balloon angio-
plasty, restenosis rates are 30-40%* For patients under-
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functional testing unless they develop recurrent symp-
toms. It remains unclear which functional testing strat-
egy is optimal for patients after PCI: an aggressive
strategy of routine testing or a conservative strategy
of selective testing.
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According to the American College of Cardiology
(ACC)YAmerican Heart Association (AHA) guidelines,
routine functional testing post-PCI should not be per-
formed". In the ADORE trial, we randomized
patients to routine versus selective functional testing,
and found that routine functional testing post-PCT con-
fers no additional benefit to the general patient popu-
lation!!, However, the ACC/AHA guidelines suggest
that routine functional testing may be advantageous
in selected groups of high-risk patients, including those
with multi-vessel PCI, diabetes mellitus, left ventricu-
lar ejection fraction (LVEF) < 35% and/or PCI of the
proximal left anterior descending coronary artery
(LAD). For this reason, we performed the ADORE I1
trial to directly compare routine versys selective func-
tional testing strategies in a randomized group of high-
risk patients, The objective of this trial was to deter-
mine whether routine functional testing confers any
benefit to high-risk patients with respect to functional
status and quality of life.

Methods
PATIENTS

The methods employed in the ADORE 1T trial are
similar to those used in the ADORE trial'. In the
ADORE II trial, a total of 84 high-risk patients were
randomized to either routine (n =41) or selective
(n=43) functional testing following PCI. Patients were
eligible for participation if they had undergone com-
plete coronary revascularization by any accepted per-
cutaneous techniques (balloon angioplasty, stenting,
atherectomy). Patients randomized had one or more
of the following high-risk characteristics: multi-vessel
PCI, diabetes mellitus, LVEF < 35% and/or PCI of the
proximal LAD. Patients were also required to have
undergone complete revascularization, defined as a
procedure in which all stenoses > 60% were reduced
by at least 20% and had residual stenoses < 50%. Exclu-
sion criteria included inability to give informed con-
sent, uninterpretable baseline ECG, planned functional
testing, pregnancy or likely to become pregnant, con-
traindications for or inability to perform exercise tread-
mill testing (ETT), contraindication for repeat cardiac
procedures, medical condition with a prognosis of <
1 year, unlikely to be available for follow-up functional
testing and inability to read or understand either Eng-
lish or French.,

RANDOMIZATION
Randomization took place after PCI, but prior to

discharge from hospital. Each patient provided written
consent before randomization. Internet randomization

was performed at a central location. Blocking by treat-
ment group and stratification based on each of the
four high-risk characteristics ensured a similar distri-
bution of patients and high-risk characteristics in each
treatment arm. The Ethics Committee approval was
obtained at each of the participating centres.

STUDY PROTOCOL

At the time of randomization, baseline procedural
and clinical characteristics were collected. Procedural
characteristics included number, type and location of
all lesions, type of procedure, devices used, and pre-
and post-procedure stenosis. Clinical characteristics
included demographics, presence of co-morbidities,
prior procedures and medical therapy. At baseline,
patients answered questionnaires in order to assess
their functional status and quality of life at baseline,
The following questionnaires were used: Duke Activ-
ity Status Index (DASD!2, the Seattle Angina Ques-
tionnaire (SAQ)'?, and the Medical Outcomes Study
36-Item Short-Form Health Survey (SF-36)!4, The
DASI assesses the patients’ ability to perform a range
of activities, such as walking up stairs and doing light
housework. The SAQ assesses the quality of life of
patients with coronary artery disease in five categories:
physical limitation, anginal stability, anginal frequency,
treatment satisfaction and disease perception. The
SF-36 measures the general health status of the patient
in eight dimensions: physical functioning, role limita-
tions due to physical health problems, bodily pain, gen-
eral health, vitality, social functioning, role limitations
due to emotional problems, and mental health.

Patients randomized to routine functional testing
underwent a maximum endurance ETT with nuclear
perfusion imaging at 1.5 and 6 months. Patients ran-
domized to the selective arm were limited to functional
tests for clinical indications. At 9months, all patients
underwent a maximum endurance Modified Bruce
ETT and filled out the DASI, SAQ and SF-36 ques-
tionnaires. All ECGs and nuclear perfusion tests were
assessed by the treating physician at the study centre,
and the results were forwarded to the coordinating
centre. Additional clinical data, including the use of
medical therapy, was also collected.

END roINTS

All end points were assessed at 9 months, The pri-
mary end point of functional status was assessed by
maximal exercise endurance on a treadmill (measured
as Metabolic Equivalents [METS]). Secondary end
points included functional status results from the DASI
questionnaire and quality of life results from the SAQ
and SF-36 questionnaires. Improvements in functional
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status and quality of life were measured by subtract-
ing the baseline questionnaire scores fiom the 9-month
questionnaire scores. Although the ADORE II trial
was not powered to examine repeat cardiac procedures
(cardiac catheterization, repeat PCI and coronary
artery bypass graft (CABG) surgery) or clinical events
(unstable angina, myocardial infarction (MI), and
death), these events were nonetheless tabulated, End
points were evaluated by the End Points Committee,
whose members were blinded to the treatment course
of all patients. Adverse clinical events were also eval-
uated by the End Points Comumittee.

STATISTICAL ANALYSIS

Continuous data are presented as the mean + stan-
dard deviation and were compared with a Student’s
unpaired t-test. Dichotomous data are presented as
percentages and were compared using a Chi square
test, Event-free survival in the two arms was examined
using a cumulative incidence Kaplan-Meier curve, and
differences between the two treatment arms were eval-
uated using the log-rank test. Data were analysed
according to the intention-to-treat principle. A P-value
< 0.05 was considered to be statistically significant.

Results
BASELINE CHARACTERISTICS

The routine and selective functional testing groups
had similar baseline characteristics (table 1). A total of
40% of patients had two or more high-risk character-
istics. Due to the use of stratification during random-
ization, the proportions of each type of high-risk char-
acteristic were evenly distributed between the two
treatment arms. Most patients were middle-aged men
(58 + 10 y, 87% male) who underwent PCI with stent
deployment (94%). A total of 24% of patients had
prior MTI’s, 23% had prior revascularization procedures
and 43% received glycoprotein 1Ib/ITIa inhibitors at
the time of PCI. Lesion location, lesion complexity,
and lesion severity were well balanced between the two
groups.

FUNCTIONAL TESTING

There was a five-fold difference in the rates of func-
tional testing between the routine and selective func-
tional testing arms (84% vs. 16%, respectively). Only
one off-protocol test occurred in the routine arm, while
13 off-protocol tests occurred in the selective arm. In
the routine functional testing arm, 21.6% of patients
had a positive treadmill test and 5.6% had moderate

to large reversible imaging defects at 6 weeks, At
6 months, 38.7% had a positive treadmill test and
22.6% had moderate to large reversible imaging defects
(table 2). A total of 27.0% and 41.9% of patients had
positive functional tests by either the treadmill or
nuclear component at 6 weeks and 6 months, respec-
tively. Of the patients with positive treadmill and/or
nuclear tests at 6 weeks, 45% also had positive tread-
mill and/or nuclear tests at 6 months. Of the 54.5% of
patients with positive treadmill and/or nuclear tests at
6weeks or 6months, 11% developed clinical events and
22% had further cardiac procedures.

PRIMARY AND SECONDARY END POINTS

For the primaty end point, patients in the routine
arm had significantly improved maximal exercise
endurance compared to patients in the selective arms
(10.3+2.6 METS vs. 8.6 £ 3.0 METS, P =0.013) (table
3). There was also a significantly greater number of
patients in the routine arm who were able to achieve
> 85% of their maximum predicted heart rate achieved
(MPHR) (54.5% vs. 27.0%, P =0.019). There was a
trend for better mean % MPHR in the routine arm
(84.5 £ 17.4 vs. 77.0 £ 14.1, P =0.051). The frequency
of electrically or clinically positive functional tests
showed no significant differences between the two
treatment groups (table 3).

There were no significant differences between the
two treatment arms in any of the secondary end points
of the trial. Although anginal stability, frequency, dis-
ease perception and role physical all improved, demon-
strating the utility of PCI, improvements were similar
in the two groups. The DASI measure of functional
status was comparable between the two groups. Simi-
larly, there were no significant differences in quality of
life, evaluated by the five subscales of the SAQ and
the eight subscales of the SF-36 (table 4).

In both groups, repeat angiograms were the
predominant cardiac procedure (18.1% vs. 21.6%,
P =0.72) (table 5). Small numbers of repeat PCI's
(9.1%vs. 8.1%, P =0.88), and CABG's (3.0% vs. 2.7%,
P =10.93) were performed in both treatment arms. The
majority of clinical events were due to hospitalizations
for unstable angina (15.1% vs. 21.6%, P=0.34) (table 5).
The number of Mls (3.1% vs. 5.4%, P =0.64) and
deaths (3.0% vs. 0%, P =0.29) in both the routine and
selective patient groups was small.

Discussion

The ADOREII trial was designed to examine func-
tional status and quality of life among high-risk
patients randomized to routine versus selective func-
tional testing following PCI. Several studies to date
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Table 1. - Baseline clinical and procedural characteristics

Functional testing strategy

Routine Selective
(n=41) (n=43)
ini sharacteristi Y%

Cllrﬁ:}ech'lrdctel istics (Yo) 502 037
Age (y), mean * SDT 57.0+9,7 593+ 104
CCS™ angina class (pre PCI#) III-IV 317 30.2
Hyperlipidaemia 61.0 76.2
Prior MIE 244 23.3
Prior PCI 19.5 18.6
Prior CABG* 2.4 4.7

High-risk characteristics (%)

Multi-vessel PCI 43.9 48.8
Diabetes mellitus 34.1 349
Left ventricular gjection fraction < 35% 194 16.7
PCI of the proximal LADS 174 17.1
Procedural characteristics (%)
Stent 927 95.3
GPYIIb/Ia inhibitor 46.3 39.5
Lesion location
LAD 454 48.8
Cx™ 28,0 25.6
RCAS 25.3 23.2
Other 1.3 2.4
ACCIAHAY class B2 or C 79.3 85.3
Stenosis mean + SD
Pre-PCI 82.7+68.6 85.7+749
Post-PCI 1.8£6.79 3.0+5.7

tStandard deviation; "Canadian Cardiovascular Society; #Percutaneous coronary intervention; EMyocardial infarction; ¥Coronary
artery bypass graft surgery; fLeft anterior descending coronary artery; 1Glycoprotein; FCircumflex; *Right coronary artery; YAmeri-
can College of Cardiology/American Heart Association.

Table 2. ~ Functional test results of patients undergoing routine functional testing

Timing of functional test

6 weeks 6 months
Number of METS* achieved (mean * SD') 7.9£2.6 9.7+28
MPHR?® > 85% (% of all patients) 46.0 54.8
Mean % MPHR? achieved (mean + SDT) 81.0£11.8 86.3%11.5
Electrically and/or clinically positive® (%o of all patients) 21.6 38.7
Imaging positive (% of all patients) 5.6 22,6
Electrically, clinically or imaging positive (% of all patients) 27.0 41.9
Electrically and clinically negative (% of all patients) 59.5 48.4

IMetabolic equivalents; *Standard deviation; *Maximum predicted heart rate; Almaging was considered positive if there was a mod-
erate or large area of reversible ischaemia,

Table 3. — Functional test results at 9 months

Functional testing strategy

Routine Selective P-value
Number of METS? achieved (mean * SDH 10.3+26 8.613.0 0.01
MPHR? > 85% (% of all patients) 54.5 27.0 0.02
Mean % MPHR? achieved (mean + SDT) 845+174 77.0+14.1 0.05
Electrically and/or clinically positive (% of all patients) 212 21.6 0.97
Electrically and clinically negative (% of all patients) 757 70.3 0.61

tMetabolic equivalents; Standard deviation; ®Maximum predicted heart rate,
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Table 4. — Functional status and quality of life comparison between baseline and 9 months®

Functional testing strategy

Routine Selective P-value
Duke Activity Status Indext (mean + SD") 67155 8.8+18.7 0.61
Seattle Angina Questionnaire} (mean k SD)
Exertional capacity 39+174 6.8£28.0 0.69
Anginal stability 48,8 £ 30.1 37.5+£42.6 031
Anginal frequency 18.0 £23.7 18.6 £304 0.93
Treatment satisfaction 10.1£29.7 113+33.6 0.89
Disease perception 27.6£229 255269 0.65
Medical Outcomes Study 36-Item Short-Form Health Survey¥ (mean * 8SD)
Bodily pain -1.6+29.6 421332 0.43
General health 311148 46:+14.4 0.68
Physical functioning 291£30.7 8.3:139.8 0.51
Role physical 2,1+425 25.7+57.3 0.77
Vitality 761222 10.6 +30.0 0.63
Social functioning 27+21.8 3.01£323 0.96
Rele-emotional 20614 17.9+87.8 0.38
Mental health 431212 0.0+19.1 0.36

9 Improvement in functional status and quality of life were measured by subtracting baseline scores from 9-month scores.
+ The range of scores is 0 to 58.2, with higher scores indicating better functional status.

t The range of scores is 0 to 100, with higher scores indicating better quality of life.

¥ The range of scores is 0 to 100, with higher scores indicating better health status.

* Standard deviation.
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Fig. 1. - Cumulative incidence rate of composite cardiac procedures.

Table 5. — Clinical events and cardiac procedures at 9 months,

Functional testing strategy

Routine Selective P-value
Clinical events (%)
Cardiac death 3.0 0 0.29
Myocatdial infarction 3.0 54 0.64
Unstable angina 15.1 216 0.35
inical procedures (%
ot o 18.2 21.6 0.72

Repeat angiogram
Repeat PCI 9.1 8.1 0.88
Repeat CABG 3.0 27 0.93
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have demonstrated that although PCI has little impact
on clinical event rates, it may lead to major improve-
ment in functional status and quality of lifel1:15-16,
However, the ADORE II study is the first to assess
whether an aggressive strategy of routine functional
testing post-PCI leads to a greater improvement in
functional status and/or quality of life in high-risk
patients than a selective strategy of functional testing,

We found that patients randomized to the routine
functional testing arm exhibited a significant improve-
ment in functional status, measured by MET'S, when
compared to patients in the selective functional testing
arm. The routine arm also had a significantly larger
number of patients achieving a MPHR > §5%, However,
no difference in functional status was detected by the
DASI questionnaire, We believe that the observed
improvement in functional status in the routine arm may
be atiributable to a “training effect’, as these patients
performed two functional tests prior to their 9-month
functional test. Multiple studies have demonstrated that
even moderate exercise training in patients with coronary
artery disease results in improved exercise capacity and
functional status!”™18, Our results suggest that even
minor exposure 1o exercise treadmill testing may confer
some benefit to functional status in high-risk patients.
Alternatively, the 6-week and 6-month functional tests
may serve to reassure both the patient and the clinician
that the patient can exercise safely. This may increase
the patients® willingness to exercise to their maximum
capacity during the 9-month test.

Routine functional testing is often criticized for
leading to unnecessary procedures. Despite the five-
fold increase in functional testing rates in the routine
arm, our study did not demonstrate a greater number
of cardiac procedures in this group. While there was no
significant reduction in clinical events in the routine
arm, our results had limited power to detect such
differences due to the small sample size of our trial.
A larger trial might reveal that this difference in clin-
ical events is significant. However, our results imply
that routine functional testing provides little benefit
for the early detection and/or treatment of restenosis
in high-risk patients.

PREVIOUS STUDIES

Routine post-PCI functional testing is still com-
monly used'? despite the ACC/AHA guidelines dis-
couraging this practice!0, Additional studies suggest
that there is substantial variation in the use of func-
tional testing among centres?’, Furthermore, the pres-
ence of high-risk characteristics does not appear to
affect a physician’s decision to employ routine or selec-
tive functional testing?®. The ADORE trial was the
first trial to examine routine versus selective functional
testing in the general patient population!!. This trial

found that routine functional testing confers no bene-
fit with respect to functional status or quality of life.

However, a number of studies have examined the
value of routine functional testing as a means of iden-
tifying restenosis?!-34, These studies found that exercise
treadmill testing alone is poorly diagnostic of resteno-
s1s, with sensitivity and specificity estimated at 46% and
7%, respectively?”>*, The addition of nuclear or
echocardiographic imaging significantly improves the
diagnostic ability (sensitivity and specificity of 87% and
78%, and 63% and 87%, respectively)?4. Numerous stud-
ies have shown that routine functional testing with an
ETT and perfusion imaging can identify patients with
restenosis?!?3, Still, the clinical value of aggressively
attempting to diagnose restenosis is unclear. Due to the
increasing use of drug-eluting stents and the consequent
reduction in restenosis rates, the diagnostic yield of
routine functional testing has been declining®. Conse-
quently, the cost to identify an asymptomatic patient
with restenosis has been increasing26,

CHOICE OF END POINTS AND TESTING PROTOCOL

Because clinical events following PCI occur infre-
quently and because the primary reason for PCI is the
treatment of symptoms, we chose to examine func-
tional status and quality of life — end points that are
highly relevant to both patients and physicians. We
chose our testing protocol on the basis of several con-
siderations. We performed an exercise test at 6 weeks
because it is the most common testing strategy used
by physicians!!:!15, it provides important prognostic
information?’, and because it objectively measures a
patient’s functional ability. In addition, we employed
nuclear perfusion at 6 weeks because of the improved
sensitivity and specificity it provides for the diagnosis
of restenosis. End points were evaluated at 9 months
because physicians needed time to respond to the
results of the 6-month functional test — a second exer-
cise-nuclear perfusion scan performed in order to accu-
rately document the incidence of restenosis?’. It has
been well established that events that occur during the
first 6 months post-PCI are usually related to resteno-
sis. Events that occur after the first 6 months are almost
always due to new coronary lesions28.

LIMITATIONS

Several potential limitations of our study should
be noted. First, our results with respect to clinical
events must be interpreted with caution, because the
ADORE II trial was neither designed nor powered to
examine this issue. Secondly, patients were required to
fill out the baseline DASI, SF-36 and SAQ question-
naires following their PCI but prior to hospital
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discharge. In order to measure the improvement in
quality of life and functional status, patients were
asked to fill out the questionnaires with respect to their
status during the 4 weeks prior to hospitalization.
Therefore, these results could be subject to recall bias.
Thirdly, we did not collect data regarding daily phys-
ical activity of these patients (e.g., rehabilitation, return
to work), which could have impacted on our results.
However, our study assigned functional testing strat-
egy randomly, following the patients’ index PCL. As a
consequence, we would expect an equal balance in the
daily physical activity following the patients’ PCI
between the two treatment arms,

Conclusion

In conclusion, we found a significant improvement in
functional status, measured in METS, among high-risk
patients undergoing routine functional testing. However,
additional results from the DASI measuring functional
status detected no significant difference between the two
treatment arms. Routine functional testing provides no
benefit in the SAQ and SF-36 quality of life measures
among high-risk patients, Thus, the ADORE II trial sug-
gests routine functional testing following PCI in high-
risk patients may lead to improved exercise endurance
but does not lead to improved quality of life.

We also observed similar clinical events and proce-
dure use in the two treatment arms. These results sug-
gest that routine functional testing may provide little
benefit for the early detection and treatment of coro-
nary restenosis in this high-risk patient population,
However, due to our limited statistical power to exam-
ine clinical events and procedure use, these results
should be interpreted with caution until they are con-
firmed in a large, multi-centre clinical trial.

Supported by the Reseau de Santé Cardiovascu-
laire de la Fonds de la Recherche en Santé du Quebec.
Dr. Eisenberg is a Senior Physician-Scientist of the
Quebec Foundation for Health Research. Dr. Pilote is
a Senior Physician-Scientist of the Canadian Institutes
of Health Research.

Appendix

The following investigators and institutions partici-
pated in the ADORE II Trial: Steering Committee —
M_J. Eisenberg (principal investigator), J. Blankenship,
T. Huynh, L. Pilote; Endpoints Committee - N. Racine
(Chair), M. Palaic, L. Rudski; Coordinating Center —
B. Wilson, F. Teng; Investigators (in order of enroll-
ment) — C. Lauzon: Centre Hospitalier de la Région
de I’Amiante, Thetford Mines, Quebec, Canada; T.
Huynh: Montreal General Hospital, Montreal, Canada;

M. Eisenhauer: William Beaumont Medical Center, El
Paso, TX; K.H. Mak: Gleneagles Medical Centre, Sin-
gapore; J. Blankenship: Penn State Geisinger Medical
Center, Danville, PA; M. Doucet: University of Mon-
treal Health Center, Montreal, Quebec, Canada.
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