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Abstract

Background: The follow-up strategies after percutaneous coronary intervention (PCI) have relevant clinical and economic implications. The
purpose of this prospective observational multicenter study was to evaluate the effect of clinical, procedural and organizational variables on
the execution of functional testing (FT) and planned coronary angiography (CA) after PCI, and to assess the impact of American College of
Cardiology (ACC)/American Heart Association (AHA) guidelines on clinical practice.
Methods: Four hundred twenty consecutive patients undergoing PCI were categorized as class I, IIB and III indications for follow-up FT
according to ACC/AHA guidelines recommendations. Furthermore, all patients were grouped according to the presence or absence of FT
and/or planned CA over 12 months after PCI.

Multivariable analysis was used to assess the potential predictors of test execution.
Results: During the 12-month follow-up at least one test was performed in 72% of patients with class I indication, 63% of patients with class
IIB indication and 75% of patients with class III indication (p=ns). A total of 283 patients (67%) underwent testing. The use of tests was
associated with younger age (R.R. 0.94, C.I. 0.91±0.97, pb0.001), a lower number of diseased vessels (R.R. 0.60, C.I. 0.43±0.84,
p=0.003), follow-up by the center performing PCI (R.R. 2.64, C.I. 1.43±4.86, p=0.002), and the specific center at which PCI was
performed. Most asymptomatic patients completed their testing prematurely with respect to the risk period for restenosis.
Conclusions: The use of FT and planned CA after PCI is unrelated to patient's symptom status, and depends on patient's age and logistics.
ACC/AHA guidelines have no influence in clinical practice, and test timing is not tailored to the risk period for restenosis.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The follow-up strategies after percutaneous coronary
intervention (PCI) have relevant economic implications, may
influence the patient's subsequent management and the need
of further invasive procedures [1–4]. Despite that, the
subgroups of patients that could take advantage from the use
of functional testing (FT) or coronary angiography (CA)
after PCI are not well defined. The type, number and timing
of FT that should be performed are not established, as well as
the discontinuation of medical treatment during tests and the
duration of the follow-up program.

No specific guidelines and recommendations are provided
by the European Society of Cardiology. TheAmericanCollege
of Cardiology (ACC)/American Heart Association (AHA)
guidelines for PCI [5] and for cardiac radionuclide imaging [6]
refer to the ACC/AHA guidelines for exercise testing [7]. The
use of FT after PCI is clearly indicated (Class I) only in those
patients with recurrent symptoms. It is controversial (Class II
B) in selected high-risk asymptomatic patients which include
patients with diabetes mellitus, multivessel disease, proximal
left anterior descending coronary artery PCI, left ventricular
dysfunction and suboptimal PCI result. It is not indicated
(Class III) as routine strategy in asymptomatic patients. ACC/
AHAguidelines for PCI [5] suggest that plannedCA should be
considered only in the setting of left main coronary artery PCI
(Class II A). Such recommendations are supported by limited
clinical evidences and result from consensus rather than
prospective randomized or observational data.

Little is known about the use of FT and angiographic
follow-up in the “real world”. Major variations are observed,
and the clinical and procedural risk profile of the patients do
not seem to play a significant role in the choice of the follow-
up strategy [8,9].

The Angioplasty Follow-up: Tests and Events Registry
(AFTER) is a prospective multicenter registry that was
conceived with the aim of describing the type, number and
timing of FT after PCI, clinical and procedural profile of
tested and non-tested patients, and the subsequent rate of
further invasive procedures and clinical events.

The primary objectives of the current report are to
evaluate the effect of clinical, procedural and organizational
variables on the execution of FT or planned CA after PCI,
and to assess the impact of ACC/AHA guidelines recom-
mendations for the use of follow-up tests on clinical practice.

2. Methods

The Italian region of Lazio has 5.1 million inhabitants and
is one of the most populated regions of Italy. In 2004 the area
was serviced by 21 catheterization laboratories that
performed a total of 8428 PCIs (official data of the Italian
Society of Interventional Cardiology—www.gise.it). Twelve
of those centers were involved in the AFTER study (see
Appendix A). Patients undergoing PCI between November
15 and December 15 2004 were consecutively enrolled
before the procedure and were followed-up for 12 months.
They were included in the registry regardless of the number
and location of the lesions, the technique used for PCI and
the procedural outcome. The only exclusion criteria were
participation in conflicting clinical studies (such as studies
with predefined follow-up), contraindications to repeat
cardiac catheterization or revascularization and conditions
limiting longevity with a prognosis b1 year.

In order to guarantee uniformity of data the principal
investigators of the participating centers were provided with
an electronic spreadsheet containing the standardized data
fields to be completed for individual patients. An audit was
performed on the 10th and 20th day of the enrollment time to
ensure the completeness and reliability of the data. After
discharge, patients who were followed-up by the participat-
ing centers were put into their standard follow-up programs,
and data were directly acquired. Patients who were referred
to other institutions were contacted every two months in
order to obtain the documentation of FT, further invasive
procedures, new symptoms, clinical events and hospitaliza-
tions. If necessary, the patient's institution or the patient's
physician was contacted in order to obtain the appropriate
documentation. All registered data were thoroughly checked
for logical consistency and any queries were resolved with
the participating centers. Finally, database entries were
verified by the coordinator of the study.

Baseline demographic data, clinical indication for PCI,
comorbidities, risk factors and prior revascularization proce-
dures were registered. Angiographic and procedural data
included extent of coronary artery disease, type of treated
lesions (de novo, restenosis, bypass grafts), PCI technique and
devices, and angiographic post-procedural result as judged by
the operator. In the case of staged multivessel PCI, the last
planned intervention was considered as the index procedure.

Data on FTwere recorded during the 12 month follow-up.
They included the reason for performing or non performing
FT, the number, type (exercise test, stress-echo and radio-
nuclide ventriculography), timing, medical therapy at test
time and result. Data on repeated cardiac catheterizations
were also recorded, and those CA that were scheduled at the
time of PCI for invasive follow-up strategy were categorized
as planned CA. Clinical events were recorded and included
cardiovascular and non-cardiac death, major and minor
stroke, ST-elevation and non-ST elevation myocardial
infarction, percutaneous or surgical revascularizations and
the occurrence of new symptoms.

Patients were grouped according to the presence or
absence of at least one FT and/or planned CA over the 12-
month period of observation.

In order to investigate the relationship between the risk
profile as outlined by the ACC/AHA guidelines [7] and the
patient's management in clinical practice, patients who
remained asymptomatic after PCI were categorized as follows:

• “high-risk” patients if they had at least one of the
following: diabetes, left ventricular ejection fraction less

http://www.gise.it


Table 1
Clinical, procedural and organizational characteristics of patients population.

No tests
(n=137)

≥1 tests
(n=283)

p
value

Demographics
Age (y±SD) 69.4±10.7 63.2±9.6 0.000
Male sex % 73 83 0.016

Baseline clinical characteristics, %
Diabetes 29.1 17.7 0.008
Previous stroke 6.6 2.8 0.111
Renal failure 16.8 8.5 0.011
Peripheral or carotid artery
disease

13.1 6.7 0.030

Previous revascularization 37.2 32.5 0.339
Previous cardiac arrest 4.4 4.3 0.959
Number of diseased vessels 1.9±0.84 1.61±0.74 0.001
Left ventricular ejection
fraction b40%

29.8 18.3 0.011

Clinical presentation, %
Stable angina 39.4 39.6 0.975
Unstable angina 26.3 21.9 0.322
ST-elevation myocardial
infarction

18.2 17 0.744

Non ST-elevation myocardial
infarction

10.2 12.4 0.521

Silent ischemia 2.2 6 0.085
Other 3.6 3.2 0.802

Procedural characteristics, %
Proximal LAD PCI 20.4 19.8 0.876
Multivessel PCI 21.5 15.8 0.154
PCI with drug eluting stents 34.6 46.2 0.025
PCI in restenotic lesions 11.7 11 0.825
Incomplete revascularization 44.6 31.9 0.013
Optimal PCI result 92 89.8 0.468

Follow-up location, %
Same center that had
performed PCI

39.3 44.9 0.308

Other clinical center 54.7 53.7 0.857
None 6 1.4 0.011

Occurrence of new symptoms after PCI, %
Stable angina 10.2 16.6 0.082
Acute coronary syndromes 15.3 19.4 0.306

LAD: left anterior descending coronary artery; PCI: percutaneous coronary
intervention.

153P. Mazzarotto et al. / International Journal of Cardiology 137 (2009) 151–157
than 40%, previous cardiac resuscitation, multivessel
disease, left main or proximal left anterior descending
PCI, suboptimal or failed PCI result;

• “low-risk” patients if they had none of the above features.

The study was endorsed by the Italian Society of Invasive
Cardiology (SICI-GISE). The study protocol conformed to
the ethical guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by the Research and Ethics
Committee of the institutions involved. Written informed
consent was obtained before patients were enrolled.

2.1. Statistical analysis

Dichotomous data are presented as percentages and
continuous data are presented as the mean±SD. The
prevalence of clinical, procedural and organizational vari-
ables between tested and non-tested patients was assessed
with the Mann–Whitney two-independent-samples test.

Univariable and multivariable analyses were performed in
order to examine the potential predictors of the execution of
testing after PCI in the entire study population and,
separately, in the subgroup of asymptomatic high-risk
patients. Regression modelling was used to determine
whether clinical, procedural and organizational variables
were associated with the use of tests. The variables that
defined the high-risk profile, such as diabetes, previous
cardiac arrest, number of diseased vessels, left ventricular
dysfunction, proximal left anterior descending PCI and PCI
result were removed from covariates when the subset of
asymptomatic high-risk patients was evaluated.

Difference in the frequencies of tested patients among
symptomatic, high-risk and low-risk patients were evaluated
with the chi-square test. All other statistical tests were 2-
tailed. A p value b .05 was considered to be statistically
significant. All analyses were performed with the use of the
statistical program SPSS, version 15.

3. Results

A total of 473 patients were enrolled. Eight patients
(1.7%) died during hospitalization and 45 patients were lost
during follow-up. Therefore data from 420 patients (90%)
were available for analysis.

During the 12-month follow-up a total of 425 FT and 39
planned CA were performed. Two hundred seventy-nine
patients (66%) underwent at least one FT, and 33 of them
underwent also one or more planned CA. Among patients
who did not undergo any FT, CAwas performed in 4 (1%) as
a scheduled alternative follow-up procedure. Only 1 out of 3
patients with left main coronary artery PCI underwent
planned CA after the procedure.

The total number of FT per patient ranged from 1 to 3,
with 163 (58%), 86 (31%) and 30 (11%) patients having 1, 2
and 3 tests respectively. The timing of the first FT ranged
from 0.2 to 11.5 months after PCI, with a median of
3.2 months. Second and third FTwere performed at a median
of 6.7 and 9.8 months after PCI, respectively.

Table 1 shows the characteristics of 137 patients who did
not undergo any test and 283 patients who underwent at least
one FT or planned CA. On average, as compared with
patients who underwent at least one test, patients with no
tests were older and were more likely to be women. They had
a higher prevalence of diabetes mellitus, renal dysfunction,
low ejection fraction and other concomitant vascular
diseases. They also had a higher number of diseased
coronary vessels, a higher prevalence of incomplete
revascularization, a lower use of drug eluting stents, and
they were more likely to have no reference center for post-
PCI clinical follow-up. Noticeably, the occurrence of new
symptoms during follow-up was not significantly different
between patients with and without FT.



Fig. 1. Clinical, procedural and organizational characteristics versus use of testing after PCI: univariable (Panel A) and multivariable (Panel B) analyses. LVEF:
left ventricular ejection fraction, PCI: percutaneous coronary intervention, DES: drug eluting stent, FU: follow-up.
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Univariable analyses identified a variety of clinical,
procedural and organizational variables that were associated
with the use of testing (Fig. 1A). However, multivariable
analysis established that the variables with the largest
influence on the odds of undergoing FT and planned CA
after PCI were younger age, a lower number of diseased
vessels, follow-up by the center that had performed PCI, and
the specific center at which PCI was performed (Fig. 1B).
Since data on left ventricular ejection fraction at the time of
PCI were not available for 39 patients, multivariable analysis
was repeated after removing ejection fraction from covari-
ates, and the same results were obtained.

Acute coronary syndromes occurred in 27 patients (6.4%)
and stable angina in 49 (11.6%) after PCI. Risk profile
categorization of the residual 344 patients who remained
asymptomatic resulted in 247 high-risk, 85 low-risk and 12
non classified patients (Fig. 2A).

During the study period at least one test was performed in
155 (63%) high-risk and in 64 (75%) low-risk patients
(Fig. 2B). One-half of asymptomatic patients with FT had
performed their first test and had completed their testing
course within 3.2 and 5.9 months after PCI, respectively.
Similarly, among asymptomatic patients that were scheduled
for planned CA, one-half had undergone their procedure
within 5.1 months after PCI.

Results of univariable analyses and multivariable regres-
sion model of the high-risk subgroup are shown in Fig. 3.
Multivariable analysis demonstrated that, among high-risk
asymptomatic patients, the only variables independently
correlated with testing were age, renal failure, follow-up by
the same center that had performed PCI, and to have
undergone PCI in one of the participating centers.

4. Discussion

This multicenter study prospectively investigates the use
of non-invasive testing and coronary angiography after PCI
in a large cohort of consecutive patients enrolled in a short
time in a representative region of an European country. We
found that the use of FTand plannedCA after PCI is unrelated
to patient's symptoms, is not influenced by ACC/AHA
guidelines and is not tailored to the risk period for restenosis.



Fig. 2. Execution of testing in symptomatic and asymptomatic patients after PCI. Panel A: Stratification of the study population according to the occurrence of
new symptoms and the risk profile. Panel B: Percentage of symptomatic, high-risk asymptomatic and low-risk asymptomatic patients undergoing testing over
12 months after PCI. ACS: acute coronary syndrome.
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4.1. Patient's risk profile

Patients with no testing during a 12-month period after PCI
had a higher average clinical, angiographic and procedural risk
profile as compared with tested patients. Independently
correlated with the use of functional and invasive testing were
younger age and a lower number of diseased vessels. Of note,
Fig. 3. Clinical, procedural and organizational characteristics versus use of testing
and multivariable (Panel B) analyses. UA: unstable angina, SI: silent ischemia, PC
clinical characteristics that are known to make the patient more
likely to have restenosis and adverse events were not associated
with a higher likelihood of undergoing FTor plannedCAduring
follow-up. Conversely, our results emphasize the influence of
organizational variables on the follow-up course. In fact, the
propensity of the center that had performed PCI to test its own
patients and the different standards of the centers at which
after PCI among 247 high-risk asymptomatic patients: univariable (Panel A)
I: percutaneous coronary intervention, FU: follow-up.
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patients had the PCI, had a significant independent effect on the
chance to undergo FT or CA after PCI.

Interpretation of the detrimental effect of age, greater extent
of coronary artery disease and renal failure on the use of testing
during follow-up is speculative. These variablesmay be deemed
as indicators of a worse clinical status that could prevent
patient's access to follow-up procedures. Moreover, clinicians
may be unwilling to assess aggressively silent restenosis in these
patients, limiting their strategy to surveillance of symptoms.

4.2. Impact of guidelines

ACC/AHA guidelines promote a selective use of FT
according to symptoms and risk profile [5,7]. In our study
75% of low-risk patients underwent one or more tests,
despite guidelines contraindication, and the percentage of
tested patients was not significantly different among
symptomatic, high-risk and low-risk patients. Furthermore,
the occurrence of new symptoms, which is the only class I
indication for post-PCI FT [7], showed no correlation with
the execution of tests at both univariable and multivariable
analysis. The routine use of FT for the assessment of
asymptomatic ischemia after PCI is still a matter of debate.
The prognostic importance of asymptomatic restenosis is not
well established [10–16], although severity and extent of
myocardial ischemia, whether painful or silent, is highly
predictive of future cardiovascular events [11]. PCI is
generally indicated in patients with silent ischemia and a
moderate to large area of jeopardized myocardium, and
repeat PCI is a reasonable treatment for patients who develop
in-stent restenosis [5]. ACC/AHA guidelines give contro-
versial recommendation (Class II B) for the use of FT after
PCI in high-risk asymptomatic patients [7]. This class of
indication probably reflects not only uncertainty on the
benefit of treatment of clinically silent restenosis, but also the
low sensitivity of exercise ECG for the prediction of
restenosis [6,10,14]. In recent years the subgroup of
asymptomatic patients with high-risk features after PCI has
probably increased because of the widespread use of drug
eluting stents [9], which have been shown to be effective in
more complex clinical and procedural settings [17,18]. In
fact, patients with high-risk characteristics who remained
asymptomatic after PCI were up to 65% of our overall
population. Thus, our results emphasize that indication for
FT is substantially undefined for the majority of patients
undergoing PCI in the current clinical practice. In this
subgroup as well we found that the use of follow-up tests
depended on age and the different standards of the centers
rather than the clinical and procedural profile of the patient.

4.3. Test timing

The restenotic process occurs over the first 8 months after
PCI and most patients develop restenosis-related symptoms
during a similar time frame [19]. Furthermore, the risk period
for restenosis could be prolonged with the use of drug eluting
stents [20,21]. Despite that, in asymptomatic patients we
found a wide variation in the timing within which the FT and
even the planned CA were done. Most patients underwent
their first FT very early and, more importantly, completed
their follow-up course and underwent planned CA prema-
turely with respect to the end of the risk period for restenosis.

4.4. Previous studies

To our knowledge the ROSETTA registry [8] is the only
previously published prospective study that evaluated the
use of FT after PCI in clinical practice. The authors
categorized the patterns of use of FT in a multicenter
extraEuropean setting as “routine” and clinically-driven
“selective” strategy. Although patients with no FT were
included in the group of selective strategy together with
patients with clinically-driven FT, they found that 61% of
patients had routine functional testing and that the strategies
varied widely among centers. When they compared patients
with and without FT, younger age, male sex and the location
of the center at which the patient had the PCI were found as
the only independent determinants of the use of FT.
Consistency between observations from ROSETTA registry
and our study suggest that these results can be generalized to
different geographic areas, and that the first observations
obtained in a pre-drug eluting stent population can be
extended to the contemporary clinical setting.

4.5. Limitations

Some potential limitations of our study should be noted.
First, identification of patients with II B class of

indication for FT is somewhat arbitrary, since ACC/AHA
guidelines list a non-conclusive number of features for this
subgroup. For example, renal failure or troponine and
creatine kinase-MB elevation, which are associated with an
increased risk for adverse events after PCI [22,23], are not
mentioned and were not taken into account for definition of
the high-risk subgroup in our analysis. As a result, patients
with a real high-risk for restenosis and clinical events after
PCI could be potentially underestimated.

Second, lack of data on left ventricular ejection fraction in
39 patients may translate into a subsequent reduction of
analyzable patients on multivariable analysis. However,
when we repeated the same analysis after removing ejection
fraction from covariates we obtained the same results, which
corroborated the reliability of our conclusions.

Finally, some patients may undergo FT for reasons other
than assessment of restenosis. Particularly, patients with
acute myocardial infarction or left ventricular dysfunction
may be tested to determine functional status after hospital
discharge. However, none of the variables that are potentially
related to such a use of FT had a significantly higher
prevalence in patients with tests and none had a correlation
with the use of tests in the univariable and multivariable
analyses.
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5. Conclusions

The use of functional and invasive testing after PCI in the
“real world” is unrelated to clinical and procedural character-
istics of the patients, and depends on patient's age and logistics,
such as the different standards of the clinical centers performing
PCI and the reference center for follow-up. The timing of post-
PCI FT and planned CA varies widely, and is not tailored to
the risk period for restenosis. ACC/AHA guidelines, that favor
a selective use of testing according to the occurrence of new
symptoms and the risk profile of the patient, have no impact on
clinical practice. However, the indication of guidelines is con-
troversial (Class II B) for the majority of patients undergoing
PCI in the current clinical setting, which are patients with high-
risk features for restenosis who remain asymptomatic after PCI.

These results emphasize the need for further research on
the indication and benefit of FT following PCI.
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