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Abstract
Objectives: The aim of this prospective, multicenter study was to assess the safety,
feasibility, acceptance, and cost of ambulatory transradial percutaneous coronary
intervention (PCI) under the conditions of everyday practice. Background: Major advances
in PCI techniques have considerably reduced the incidence of post-procedure complications.
However, overnight admission still constitutes the standard of care in most interventional
cardiology centers. Methods: Eligibility for ambulatory management was assessed in 370
patients with stable angina referred to three high-volume angioplasty centers. Based on prespecified clinical and PCI-linked criteria, 220 patients were selected for ambulatory PCI.
Results: The study population included a substantial proportion of patients with complex
procedures: 115 (52.3%) patients with multivessel coronary artery disease, 50 (22.7%)
patients with multilesion procedures, and 60 (21.5%) bifurcation lesions. After a 4 to 6 hours
observation period, 213 of the 220 patients (96.8%) were cleared for discharge. The
remaining 7 (3.2%) patients were kept overnight for unstable angina (n=1), atypical chest
discomfort (n=2), puncture site hematoma (n=1), or non-cardiovascular reasons (n=3).
Within 24 hours after discharge, no patients experienced readmission, stent occlusion,
recurrent ischemia, or local complications. Furthermore, 99% of patients were satisfied with
ambulatory management and 85% reported no anxiety. The average non-procedural cost was
lower for ambulatory PCI than conventional PCI (1,230±98 Euros vs. 2,304±1814 Euros,
p<10-6). Conclusions: Ambulatory PCI in patients with stable coronary artery disease is
safe, effective, and well accepted by the patients. It may both significantly reduce costs and
optimize hospital resource utilization.
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Abbreviation list:
CPK: creatine phosphokinase
DRG: diagnosis-related group
ECG: electrocardiogram
MACCE: major adverse cardiac or cerebrovascular events
PCI: percutaneous coronary intervention
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INTRODUCTION
The number of percutaneous coronary interventions (PCIs) has increased steadily in
recent years (1,2). In many interventional cardiology centers, admissions for PCI represent a
significant burden on available resources. Shortening the hospital stay required for PCI
would be expected to decrease costs and to optimize healthcare resource utilization.
Diagnostic coronary angiography is routinely performed on an outpatient basis with no
increase in complication rates compared to inpatient coronary angiography (3). By contrast,
most interventional centers keep patients overnight for observation after PCI (4). This
practice reflects concern about the risk of subacute stent thrombosis and vascular
complications. However, overnight observation may not be necessary in all patients. Dual
antiplatelet therapy has markedly decreased the incidence of stent thrombosis (5,6).
Furthermore, subacute stent thrombosis usually occurs several days after the procedure and,
therefore, patient outcomes are not modified by 24 hours of observation instead of same-day
discharge (7).
The safety of same-day discharge after PCI needs to be clearly established before this
method can be applied in daily practice. To date, few large-scale prospective studies have
evaluated the feasibility and safety of this new patient management strategy (8-12). In most
of these previous studies, patients were discharged on the day of PCI, but many of them were
hospitalized at least the day before the procedure for pre-procedure assessment or transferred
from another hospital. Our study was one of the first in which patients were admitted and
discharged on the day of PCI. The aim of this multicenter prospective study was to assess the
safety, cost, and acceptability of transradial PCI performed on an ambulatory basis.
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MATERIALS AND METHODS
Study design
The study protocol conformed to the ethical guidelines of the Declaration of Helsinki
and was approved by the institutional review board of our institution. A written informed
consent was obtained from each patient.
This prospective, multicenter, interventional study was conducted from June 2007 to
February 2009 in three high-volume angioplasty centers in France. Eligibility for ambulatory
management was assessed in 370 consecutive patients with stable angina and/or silent
myocardial ischemia who underwent coronary angiography and ad hoc PCI after admission
in a day hospitalization unit. The patients were evaluated for same-day discharge at the end
of the procedure, based on pre-specified clinical, social, and PCI-related criteria (Figure 1).
Two hundred-twenty patients were selected for ambulatory management and kept under
observation for 4- to 6-hours in a day hospitalization unit (Figure 2).

Pharmacological treatment
All patients were pre-treated with aspirin (≥75 mg/day) for more than 3 days. A 600mg clopidogrel loading dose was administered to patients, including those already on
maintenance clopidogrel treatment (75 mg/day). During the procedure, anticoagulation was
achieved with a single subcutaneous injection of enoxaparin at admission or with a bolus of
unfractionated heparin (70 IU/kg) injected immediately after insertion of the arterial sheath.
After PCI, patients were maintained on aspirin indefinitely and on clopidogrel according to
current guidelines for bare metal stents and drug-eluting stents (13). Other cardiac
medications were continued as clinically indicated.
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PCI procedure
The sheath was inserted in the radial artery under local anesthesia using the standard
Seldinger technique. A vasodilating mixture of verapamil (2.5 mg) and isosorbide dinitrate
(1 mg) was administered intra-arterially to prevent radial artery spasm. Coronary stenting
was performed using standard techniques and according to international guidelines (13). The
choice of the PCI strategy was at the operator‟s discretion. The arterial sheath was removed
immediately after the end of the intervention. Hemostasis was achieved using the TR Band™
radial compression device (Terumo, Somerset, NJ, USA).

Triage and discharge
At the end of the procedure, patients were transferred to the day hospitalization unit
and were allowed to walk freely after 2 hours of bed rest. Then, 4 to 6 hours after PCI, an
electrocardiogram and clinical examination were systematically performed by a cardiologist
(11). Patients were cleared for discharge if they had no puncture site complications, chest
pain, or electrocardiographic changes during the observation period. Patients were instructed
to contact their cardiologist or the coronary intensive care unit of the hospital where PCI was
performed in the event of complications during the following night.

Follow-up
On the day after PCI, a phone interview was conducted by a cardiologist to record all
post-procedural complications including re-admissions, chest pain, and puncture site
complications. Patient satisfaction and degree of anxiety were evaluated using standardized
questionnaires (see below). Patients were asked if they visited their general practitioner or
cardiologist for any of the above-mentioned reasons. Serum troponin I and creatine
phosphokinase (CPK) levels were measured 18 to 24 hours after PCI in outpatient
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laboratories and the results were faxed to the investigators. A second phone interview was
conducted by a physician 1 month after PCI to assess the incidence of emergency readmission, angina, dyspnea, and puncture site complications.

Patient comfort and satisfaction
Patient comfort and satisfaction were evaluated during the phone interview on the day
after PCI using a simple questionnaire that offered three response options for satisfaction
(“very satisfied”, “satisfied”, and “not satisfied”) (14), three for anxiety (“not anxious”,
“anxious”, and “very anxious”), and two for willingness to accept outpatient PCI in the
future (“yes” and “no”) (14,15).

Economic evaluation
French hospitals are financed by a diagnosis-related group (DRG)-based prospective
payment system. However, the primary focus of this economic evaluation was to help a
decision process at the hospital, not the payer, level. We adopted therefore the perspective of
the hospital, assuming that for the present the DRG tariff would remain identical, regardless
of the length of stay reduction.
Patient undergoing ambulatory PCI were compared to a group of patients with stable
angina, without comorbidities, and undergoing conventional PCI in non-study centers in
2009.
We estimated the cost of ambulatory PCI using microcosting techniques. The total cost
of the procedure was divided into non-procedural and procedural costs (cost of supplies,
devices, drugs and cardiac catheterization laboratory utilization). The units of physical inputs
required for the economic evaluation were collected prospectively at the patient level.
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The cost of conventional inpatient PCI was similarly estimated by microcosting. We
used the microcosting performed yearly to update DRG tariffs in 1,820 patients with stable
angina treated in comparable university hospitals in the Paris region (16). Unit costs are
presented in Table 1 (16,17). All costs were inflated to reflect 2012 euros. We tested the
robustness of our results in a univariate sensitivity analysis of the duration of conventional
PCI admission.

Study objectives
The primary objective of this study was to evaluate the safety of ambulatory PCI as
assessed by: the rate of re-admission for any reason within the first 24 hours after
ambulatory PCI, the rate of hemorrhagic or thrombotic complications at the radial puncture
site, the rate of acute stent thrombosis, patient anxiety and patient satisfaction after the
procedure. The cost of ambulatory PCI was also evaluated. Successful ambulatory PCI was
defined as absence of cardiac or vascular complications within 24 hours after discharge.

Statistical analyses
Continuous variables were described as mean±SD and compared with a Student t test.
Qualitative variables were compared using a Chi-squared test. Results were considered to be
significantly different for p values < 0.05.
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RESULTS
Patients
The main characteristics of the 220 study patients are listed in Table 2. Patients mean
age was 64+/-9.6 years and 197 (89.5%) were males. Sixty seven patients (30%) had
diabetes mellitus and 123 (56%) hypertension. All patients had stable angina and/or silent
myocardial ischemia evidenced by treadmill testing, scintigraphy, or stress
echocardiography.

PCI procedure
The main angiographic and procedural characteristics are reported in Table 2. The
study population included a substantial proportion of patients with angiographically complex
lesions and complex PCI procedures: multivessel coronary artery disease (n=115; 52.3%),
multivessel interventions (n=31; 14.1%), multilesion procedures (n=50; 22.7%), restenosis
(32 of 279 lesions, 11.5%), bifurcation lesions (60 of 279, 21.5%) and chronic total
occlusions (24 of 279, 8.6%).
An unfractionated heparin bolus (70 IU/kg) was administered in 177 (80%) patients for
intraprocedural anticoagulation. The remaining 43 (20%) patients received a single
subcutaneous enoxaparin injection at admission. Coronary stents were placed in 218 (99.1%)
patients (312 stents for 279 lesions; range: 0-3 stents per patient). Among implanted stents,
70% (n=217) were drug-eluting stents. PCI was technically successful in all patients.

Observation and discharge
Of the 220 patients, 213 (96.8%) were discharged on the day of PCI and returned
home. During the 4- to 6-hour observation period, 4 (1.8%) patients developed medical
events requiring overnight admission: one had a clinically significant puncture site
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hematoma with no need for blood transfusion, two had chest pain without ECG
modifications, and one had angina with transient ECG modifications (Table 3). In this last
patient, myocardial ischemia occurred despite an uncomplicated PCI and was associated
with a moderate increase in serum troponin I level (to twice the upper limit of normal). None
of these 4 patients required follow-up coronary angiography during the hospital stay.
The remaining 3 (1.4%) patients were kept overnight for non-cardiovascular reasons.
Among them, 1 had transport problems and 2 were concerned about complications in the
event of same-day discharge.

Follow-up and adverse clinical events
Table 4 shows the adverse clinical events recorded on day 1 and day 30. No readmissions and no major adverse cardiac or cerebrovascular events (MACCE) occurred
within the first 24 hours. A small increase in plasma troponin-I was observed in 33.5% of
patients on day 1, but troponin-I level was more than three times the upper limit of normal in
only 20.9 % of patients.
The 1-month follow-up showed that a secondary end point occurred in one patient.
This event was a non-fatal myocardial infarction 4 days after PCI, caused by stent
thrombosis and managed by emergency PCI. Interestingly, bedside aggregometry
(VerifyNow®, Accumetrics, San Diego, CA, USA) showed biological resistance to both
aspirin and clopidogrel in this patient. Readmission was required in 3 other patients, on days
3, 7, and 9, respectively, for atypical non-sustained chest discomfort without ECG changes
or troponin elevation that did not require emergency coronary angiography. All 3 patients
were discharged within 24 to 48 hours after re-admission. We found no relationship between
the complication rate and either the angiographic characteristics or the postprocedural
increase in plasma troponin I.
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Patient comfort and satisfaction
Of the 213 patients discharged on the same day as PCI, 212 completed the comfort and
satisfaction questionnaire. Among them, 185 (87%) were very satisfied, 26 (12%) were
satisfied, and only 1 patient was not satisfied with ambulatory management. Furthermore,
180 (85%) patients reported no anxiety during the first 24 hours after discharge, 28 (13%)
reported being anxious, and 5 (2%) reported being very anxious. Of the 212 patients, 203
(96%) were willing to accept ambulatory PCI should they require another PCI procedure. A
trend towards less anxiety was observed in patients with a previous history of PCI (12.5% of
patients with a previous history of PCI were anxious or very anxious vs 18.9% of patients
without history of PCI, ns).

Cost analysis
The average non-procedural cost for all 220 patients included in our study, including
the overnight stay for 7 patients, was €1,230±98. In the control group of 1,820 patients who
underwent conventional PCI in non-study centres during the same period, the median length
of stay was 2 days and the average non-procedural cost per patient was higher at
€2,304±1,814 (p<10-6 vs ambulatory PCI) (Table 5).
When procedural costs were included (€1,890±886 vs €2,026±1,086 for ambulatory
PCI and conventional PCI, respectively, p<0.04), the average total cost remained lower for
ambulatory PCI (€3,120±888 vs €4,330±1317, p<10-6). The difference in procedural costs
between ambulatory PCI and conventional PCI was due to a lower average number of stents
(1.4 in ambulatory PCI patients vs 1.6 for conventional PCI patients).
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Our sensitivity analysis showed that the most important cost driver for conventional
PCI was the length of stay. In daily practice, patients are commonly admitted the day before
the procedure and discharged one or sometimes two days later. If the total length of stay
were two days or less for all patients in the control group, and assuming that no complication
would occur, the non procedural costs for conventional PCI would be reduced to €1,535 and
total costs to €3,561. The cost difference with ambulatory PCI would then be „only‟ €441 but
the budget impact would remain important, given the almost 100,000 patients potentially
eligible for ambulatory PCI yearly in France.
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DISCUSSION
Our results indicate that ambulatory PCI using the radial approach is safe, even in
patients with complex coronary artery lesions given a high clopidogrel loading dose.
Moreover, the one-day strategy significantly decreased the cost of PCI, suggesting a
potential for optimizing healthcare resource utilization.

Safety and feasibility of outpatient transradial PCI
In recent years, major advances in interventional techniques have radically transformed
the management of patients undergoing PCI. Dual antiplatelet therapy has reduced the
incidence of cardiac ischemic events and stent thrombosis after coronary stenting (5,6,18).
The transradial approach has emerged as an alternative to the transfemoral approach, as it is
associated with fewer access-site complications and allows early ambulation (19,20). These
changes have called into question the need for an overnight hospital stay after PCI in patients
with stable angina. Although several large-scale prospective studies have assessed the
feasibility and safety of same-day home discharge after PCI (8-10,12), additional data
collected under the conditions of everyday practice are required before ambulatory PCI can
be used on a routine basis.
Our study showed that ambulatory transradial PCI was feasible and safe even in
patients given aggressive antiplatelet therapy before the procedure. These results are in
agreement with previous studies of PCI using the transradial (9,12) or transfemoral approach
(8,10,12). In our population of clinically stable patients referred for PCI, most of the patients
were eligible for ambulatory management. Our simple patient-selection strategy based on
pre-defined clinical and angiographic criteria was associated with an excellent safety profile
after uncomplicated PCI. However, a few complications occurred within 4-6 hours after PCI
in a limited number of patients, indicating that a short post-procedural observation period
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remains mandatory. No specific risk factors for complications were identified in our
population. Whereas several previous studies enrolled patients selected on relatively
conservative criteria (8,21-23), our population included a high percentage of patients with
multivessel interventions, bifurcation lesions, and total coronary occlusions and was
therefore representative of patients referred to catheterization laboratories in everyday
practice. The risk of ischemic events was not increased in the patients who had complex
lesions. Thus, our results show that angiographically severe coronary lesions and a
technically complex procedure are not limiting factors for same-day discharge after
successful PCI. Furthermore, the moderate increase in plasma troponin level observed in our
population was similar to that found in previously published studies (24) and was not
associated with short-term post-procedural complications.

Logistical constraints
In most of the previous studies, many patients were hospitalized before the procedure
or transferred from another hospital (9). Similarly, diagnostic coronary angiography was
performed before patient inclusion in the study by Heyde et al (10). Our study represents a
new step in the management of patients with coronary artery disease. It is one of the first to
assess the safety of ambulatory PCI (with same-day admission and discharge of the patients)
under the conditions of everyday practice (25). Thus, the patients were referred directly by
their cardiologist to the cardiology departments on the morning of the procedure and were
discharged on the same day. However, ambulatory PCI is associated with a number of
logistical constraints. Close collaboration between the referring cardiologists, general
practitioners, and interventional centers is required. Before the procedure, patients must be
carefully screened for factors that preclude ambulatory PCI. Moreover, the referring
cardiologists must provide antiplatelet therapy management, patient education, and post-
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procedure follow-up (4,26,27). In our experience, the feedback from physicians regarding
ambulatory PCI was extremely positive. Greater use of ambulatory PCI has allowed in our
centers to cope with the increasing number of PCI procedures.

Acceptance
Ambulatory PCI can be deemed feasible in everyday practice only if it is well-accepted
by the patients. Our results show that ambulatory PCI was extremely well accepted (15). It
induced anxiety in only a small percentage of patients and a slight non-significant trend
towards less anxiety was observed in patients with a previous history of PCI.

Impact on costs and hospital resources
Our economic analysis showed that ambulatory PCI was associated with cost savings
related to the shortening of the hospital stay. Since early discharge did not result in early
readmissions, the reduction of non-procedural cost was not offset by subsequent
expenditures.
Only few studies have evaluated the economic consequences of these new patient
management strategies after PCI. Even if our study was performed in a different population,
our findings are consistent with the cost-analysis of the EASY trial (28). This latter trial
showed that same day home discharge after transradial PCI and a bolus of abciximab
reduced by 50% the post-procedural medical costs compared to overnight admission
associated with standard abciximab therapy. Other studies in the Netherlands, Canada and
USA have reported savings ranging from €258 to approximately €1,500 ($1.961) (10,14,15).
This heterogeneity could be due to differences in the standard of care (transradial or
transfemoral approach), study design and healthcare prices, in addition to the inclusion of
procedural costs.
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Ambulatory PCI requires a specific organization of the departments of cardiology to
ensure patient follow-up and evaluation before discharge. The development of ambulatory
PCI in daily practice will depend on the level of hospital reimbursement assigned by national
health authorities or private insurers and the incentives thus generated. The move from
conventional to ambulatory PCI should remain financially attractive for hospitals to promote
this strategy.
Moreover, ambulatory PCI may optimize healthcare resource utilization and bed
availability. The impact of ambulatory PCI on hospital resource management depends on the
characteristics of the cardiology intervention center. In high-volume centers, the shorter
hospital stay increases patient turn-over and the number of procedures. In other centers, the
increase in hospital bed availability might allow the development of other interventional
cardiology activities.

Study limitations
Our study has a number of limitations. It was designed to prospectively evaluate
clinical outcomes in a cohort of stable patients selected for ambulatory PCI based on
predefined clinical and angiographic criteria. Therefore, our study was an observational
assessment of clinical practice and was not powered to identify factors that predicted
outcomes. Moreover, the cost analysis was based on reimbursement modalities in France and
its results may not apply directly to countries that have different healthcare systems.

CONCLUSIONS
Ambulatory PCI in patients with stable coronary artery disease is safe, feasible, and
well accepted by the patients. The development of this strategy holds promise for decreasing
costs and optimizing healthcare resource utilization by shortening hospital stay.
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FIGURE LEGENDS

Figure 1: Inclusion and exclusion criteria.

Figure 2: Patient flow chart.
Among 370 patients admitted in a day hospitalization unit who underwent coronary
angiography and percutaneous coronary intervention (PCI), 220 were found eligible for
same-day discharge based on pre-specified clinical, social, and PCI-linked criteria. During
the 4- to 6-hour post-PCI observation period, 4 patients developed a cardiovascular event
requiring overnight admission. Furthermore, 3 other patients stayed overnight for reasons
unrelated to their cardiovascular condition. Thus, 213 patients were discharged on the day of
PCI.
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Table 1: Unit costs of hospital resources
Item
Bare metal stent17
Drug eluting stent17

Cost/unit
€390
€1,483

Procedural cost (excluding stents)16

€518

Personnel cost (day shift)16

€270

Overheads and bed charges per day16

€281

Table 2: Patient characteristics
Demographic characteristics
Patients, n
Mean age, y (SD)
Range, y

220
64 (9.6)
37-89

Male, n (%)

197 (89.5)

Hypercholesterolemia, n (%)

157 (71.4)

Current/Former smokers, n (%)

38(17.3)/97(44.1)

Diabetes mellitus, n (%)

67 (30.5)

Hypertension, n (%)

123 (55.9)

Previous myocardial infarction, n (%)

65 (29.5)

Previous percutaneous coronary intervention, n (%)

115 (52.3)

Previous coronary artery bypass grafting, n (%)
Multivessel coronary artery disease, n (%)

5 (2.3)
115 (52.3)

Angiographic characteristics
Lesions, n

279

Location of lesion, n (%)
Left anterior descending artery

102 (36.5)

Circumflex coronary artery

77 (27.6)

Right coronary artery

99 (35.5)

Vein graft
Stenosis (%)

1 (0.4)
80.1

12.0

Restenosis, n (%)

32 (11.5)

Bifurcation lesion, n (%)

60 (21.5)

Moderate-to-severe calcification, n (%)

82 (29.3)

Total coronary occlusion, n (%)

24 (8.6)

Percutaneous coronary intervention characteristics
Procedural success, n (%)

220 (100.0)

Balloon angioplasty, n (%)

2 (0.9)

Number of stents per procedure (Mean±SD)

1.42

0.67

Stent length, mm (Mean±SD)

17.7

6.3

Stent diameter, mm (Mean±SD)

2.97

0.48

Multilesion intervention, n (%)

50 (22.7)

Multivessel intervention, n (%)

31 (14.1)

6F/5F guiding catheters, n (%)

128 (58.2)/92 (41.8)

Table 3: Management of the 220 included patients after the 4- to 6-hour observation
period
Same day discharge, n (%)
Delayed discharge for cardiovascular reasons, n (%)

213 (96.8)
4 (1.8)

Myocardial ischemia, n (%)

1 (0.45)

Atypical chest pain, n (%)

2 (0.9)

Radial hematoma, n (%)

1 (0.45)

Emergent repeat PCI, n (%)
Delayed discharge for non-cardiovascular reasons, n (%)

0 (0)
3 (1.4)

Transport problems, n (%)

1 (0.5)

Anxiety, n (%)

2 (0.9)

Table 4: Follow-up data 24 hours and 1 month after ambulatory percutaneous
coronary intervention
24 hours
(n=213)
0 (0)

1 month
(n=213)
1 (0.5)

Death, n (%)

0 (0)

0 (0)

Myocardial infarction, n (%)

0 (0)

1 (0.5)

Cardiac surgery, n (%)

0 (0)

0 (0)

Repeat PCI, n (%)

0 (0)

0 (0)

Stroke, n (%)

0 (0)

0 (0)

Readmission, n (%)

0 (0)

4 (1.9)

Seek medical care without readmission, n (%)

0 (0)

7 (3.3)

1 (0.5)

na

Troponin I > upper limit, n (%)

69 (33.5)

na

Troponin I > 3 times the upper limit, n (%)

43 (20.9)

na

Troponin I >1 µg/L, n (%)

11 (5.3)

na

Any MACCE

Markers of myocardial injury
CPK > 2 times the upper limit, n (%)

CPK, creatine phosphokinase; na, not assessed

Table 5: non-procedural costs of ambulatory and conventional PCI

Ambulatory PCI (N= 220)
Patients with same-day home discharge (N= 213)

€
€1,214  96

Personnel (medical and nursing)

€270

Tests, drugs, supplies, imaging, transport

€663

Overheads & bed charges

€281

Patients with overnight or prolonged stay (N=7)

€1,634  85

Personnel (medical and nursing)

€285

Tests, drugs, supplies, imaging, transport

€918

Overheads & bed charges

€431

All patients (N=220)

p value*

€1,230  98

< 10-6

Conventional PCI (N= 1,820)
All patients (N=1,820)

€2,304  1,814

Personnel (medical and nursing)

€855

Tests, drugs, supplies, imaging, transport

€918

Overheads & bed charges

€531

*: comparison between the average non-procedural cost of ambulatory PCI vs conventional
PCI.
Note: figures were rounded to the nearest €

