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In patients with acute myocardial infarction (AMI), the off-hour presentation is one of
the major determinants of door-to-balloon delay. Moreover, the nighttime presentation
is associated with increased mortality after primary coronary intervention (PCI). The
prompt starting of a therapy able to start recanalization of the infarct-related artery
before intervention might improve the results of off-hour primary PCI. We compared
the outcome of 212 consecutive patients with AMI undergoing either direct or facili-
tated PCI according to the hour of presentation. Patients arriving off-hours were pre-
treated with alteplase (20 mg) and abciximab and underwent facilitated PCI. Patients
presenting on-hours underwent direct PCI. A basal Thrombolysis in Myocardial Infarc-
tion (TIMI) flow grade 3 was observed in 1.0% of patients undergoing direct PCI and in
44% of patients undergoing facilitated PCI (P 5 0.001). More patients starting PCI with
a TIMI 3 flow achieved a postinterventional fast TIMI frame count (72.0% vs. 38.8%
direct PCI group vs. 34.9% facilitated PCI group with basal TIMI 0–2; P 5 0.001) and a
TIMI perfusion grade 3 (66.0% vs. 38.8% direct PCI group vs. 39.7% facilitated PCI
group with basal TIMI 0–2; P 5 0.004). Preinterventional TIMI flow grade 3 was associ-
ated with a higher gain in left ventricular ejection fraction at 1 month (10.9% 6 6.4%
vs. 7.0% 6 9.6% direct PCI group vs. 6.1% 6 6.0% facilitated PCI group with basal
TIMI 0–2; P 5 0.005). No significant difference was observed in major bleedings,
although there was a trend toward a higher risk in the facilitated PCI group. Patients in
the facilitated PCI group achieving a basal TIMI 3 flow showed improved myocardial
reperfusion and better left ventricular function recovery. Bleeding complications asso-
ciated with combination therapy remained an important concern. ' 2005 Wiley-Liss, Inc.
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INTRODUCTION

Several studies have shown that primary coronary
percutaneous intervention (PCI) in acute myocardial
infarction (AMI) is superior to thrombolysis even when
angioplasty entails a time delay up to 3 hr [1,2]. How-
ever, it is known that, also in the setting of primary
PCI, time-to-treatment is a critical determinant of myo-
cardial salvage and mortality [3–5]. For patients
directly referred to centers with catheterization facili-
ties, one of the most important predictors of door-to-
balloon delay is the off-hour presentation [6]. More-
over, the nighttime presentation is associated with
increased mortality after primary PCI due to the higher
rate of failed procedures [7]. We hypothesized that a
strategy of facilitated PCI during off-hours could
improve the results of PCI during off-hours by starting
recanalization of the infarct-related artery pharmaco-

logically while waiting for intervention. Combination
therapy with very low dose of alteplase (20 mg bolus)
and full-dose abciximab can potentially achieve this
goal, maintaining a good safety profile [8]. Accord-
ingly, the results obtained with such a protocol of
facilitated PCI performed at nighttime and during
weekends and holidays were compared with those of
direct PCI performed during regular hours.
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MATERIALS AND METHODS

Population and Study Protocol

Patients with AMI presenting with chest pain lasting
more than 30 min associated with ST segment elevation
greater than 0.2 mV in at least two contiguous leads and
symptom onset within 6 hr were included in this pro-
spective study. Patients with cardiogenic shock were
included and no upper age limit was defined. The only
exclusion criterion was inability to obtain informed
consent.
From March 2001 to August 2003, 212 consecutive

patients with AMI were directly referred to our hos-
pital, which provides a round-the-clock service of
primary PCI, with four trained physicians and dedi-
cated nurses. At night and during weekends and holi-
days, the staff on call comes in from home. Among
the 212 patients, 117 arrived at the emergency depart-
ment after hours (from 6:00 p.m. to 8:00 a.m.,
95 patients, 81%; or at daytime during weekends and
holidays, 22 patients, 19%); 4 of these patients had
contraindications to lytic therapy and underwent direct
PCI. The remaining 113 patients were treated with
alteplase (20 mg single bolus) and started abciximab
at standard dose (bolus 0.25 mg/kg followed by
0.125 mg/kg/min 12-hr infusion), while the catheteriza-
tion laboratory was getting ready (facilitated PCI
group). Thereafter, primary PCI was performed, leav-
ing stent implantation at the discretion of the physi-
cian. Ninety-five out of 212 patients arrived at the
emergency room during regular hours (from 8:00 a.m.
to 6:00 p.m., from Mondays to Fridays) and underwent
immediate primary PCI according to standard tech-
nique. Stent implantation and abciximab adjunctive
therapy were left at the discretion of the treating phy-
sician. Therefore, the direct PCI group included
99 patients (95 þ 4 with contraindications to lytic
therapy). On admission, all patients were also treated
with aspirin (325 mg), heparin, and clopidogrel (load-
ing dose 300 mg). The dose of heparin was adjusted
according to the presence or absence of concomitant
abciximab therapy. Left ventricular function was eval-
uated by two-dimensional echocardiography within
24 hr from admission and at 1 month. After discharge,
patients entered a clinical follow-up.

Angiographic Analysis

In all patients, basal and post-PCI coronary angiog-
raphies were analyzed offline, in the best projection to
visualize the infarct-related artery. The degree of the
stenosis was evaluated by quantitative coronary
angiography performed with a digital system (Acom
QuantCor, Siemens, Germany) using the guiding cathe-
ter as a scaling device. TIMI flow grades [9], corrected

TIMI frame count [10], and TIMI perfusion grades
[11] were assessed according to previously described
definitions. Fast TIMI 3 flow was defined as a cor-
rected TIMI frame count < 23 frames [12].

Endpoints

The primary endpoint of the study was the postin-
terventional angiographic result, evaluated in terms
of corrected TIMI frame count. PCI was considered
successful if a TIMI flow grade 3 was restored in the
absence of a residual stenosis > 50%. Secondary
endpoints were left ventricular functional recovery at
1 month, bleeding complications, in-hospital and 6-
month clinical outcome. Left ventricular function was
evaluated by echocardiography before PCI and at
1 month. Major bleedings were considered those
requiring transfusion or life-threatening because of
location (intracranial, retroperitoneal). Major adverse
cardiac events included death, recurrent myocardial
infarction, re-PCI, coronary artery bypass surgery,
and stroke.

Statistical Analysis

Categorical variables were compared by Pearson’s
chi-square analysis or Fisher’s exact test. Continuous
variables are presented as mean 6 one standard devia-
tion or median with interquartile ranges and were com-
pared by Student’s t-test or one-way ANOVA as
appropriate. For posthoc comparisons, the Bonferroni
correction was applied. All P values are two-tailed.
Differences in late cardiac events were examined with
Kaplan-Meier survival curves and their associated log-
rank test statistics. All analyses were performed with
SPSS version 8.0 (SPSS, Chicago, IL) statistical soft-
ware. Statistical significance was defined as P < 0.05.

RESULTS

Baseline clinical characteristics of the 212 patients
enrolled are summarized in Table I. No significant differ-
ence was observed in the major demographic or clinical
features between the two groups. Preprocedural times are
detailed in Table I. No significant difference was ob-
served in chest pain-to-hospital time, while, as expected,
door-to-angiography and door-to-balloon times were sig-
nificantly longer in the facilitated PCI group.

Basal Coronary Angiography

At basal angiography, the two groups were compara-
ble in terms of major coronary anatomical findings. In
particular, the incidence of one-, two-, or three-vessel
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disease and the infarct-related artery were evenly dis-
tributed between the direct PCI and the facilitated PCI
groups (Table II).
Basal coronary flow in the infarct-related artery as

assessed by TIMI grades was better in the facilitated

PCI group vs. direct PCI group (1.76 6 1.30 vs. 0.32

6 0.73; P ¼ 0.001). Of notice, only one patient in the

direct PCI group showed a basal TIMI flow grade 3,

while this was observed in almost half of the patients

in the facilitated PCI arm (1% vs. 44.2%; P ¼ 0.001).

Figure 1 details the distribution of preinterventional

TIMI flow grades between the two study groups.

Procedural Results and Impact on Left Ventricular
Function

Primary coronary angioplasty was successful in 91/
99 patients (92%) in the direct PCI group and in 109/
113 patients (96%) in the facilitated PCI group (P ¼
0.129). The procedure included stenting in most
patients of both groups, with a similar mean total stent
length and final luminal diameter (Table II). At the
time of PCI, 68.0% of patients in the direct PCI group
were treated with abciximab.
A significant difference was observed between the two

groups in final coronary perfusion of the infarct-related

TABLE II. Basal Angiographic Findings and Postinterventional Angiographic Results*

Direct PCI

group (n ¼ 99)

Facilitated PCI

group (n ¼ 113) P

Multivessel coronary disease (%) 59 (59.6) 54 (47.8) 0.086

Two vessels (%) 42 (42.4) 39 (34.5) 0.237

Three vessels (%) 16 (16.2) 13 (11.5) 0.325

Infarct coronary artery (%) 0.387

Left anterior descending (%) 40 (40.4) 52 (46.0)

Left circumflex (%) 21 (21.2) 14 (12.4)

Right coronary (%) 37 (37.4) 46 (40.7)

Bypass graft (%) 1 (1.0) 1 (0.9)

Infarct artery stenting (%) 95 (96.0) 105 (92.9) 0.339

Stent length (mm) 17.1 6 7.1 16.7 6 6.0 0.287

Final minimal lumen diameter (mm) 2.88 6 0.69 3.01 6 0.55 0.151

Final TIMI flow grade 3 (%) 91 (91.9) 109 (96.5) 0.129

Final cTFC 30 6 19 26 6 13 0.045

Final cTFC < 23 (fast TIMI 3 %) 39 (39.4) 58 (51.3) 0.054

Final TIMI perfusion grade 3 (%) 39 (39.4) 58 (51.3) 0.054

*Data are presented as mean value6 SD or number (%) of patients. cTFC, corrected TIMI frame count.

TABLE I. Baseline Clinical Characteristics and Preprocedural Times*

Direct PCI

group (n ¼ 99)

Facilitated PCI

group (n ¼ 113) P

Age (years) 66 6 13 65 6 13 0.264

Age � 75 years (%) 27 (27.3) 28 (24.8) 0.679

Female sex (%) 29 (29.3) 24 (21.2) 0.177

Risk factor

Hypertension (%) 41 (41.4) 39 (34.8) 0.325

Diabetes mellitus (%) 24 (24.2) 18 (15.9) 0.130

History of smoking (%) 41 (41.4) 54 (47.8) 0.352

Hypercholesterolemia (%) 31 (31.3) 43 (38.1) 0.304

Prior myocardial infarction (%) 15 (15.2) 14 (12.4) 0.559

Preinfartual angina (%) 26 (26.3) 25 (22.3) 0.505

Prior CABG (%) 2 (2.0) 1 (0.9) 0.485

Prior PCI (%) 7 (7.1) 12 (10.6) 0.367

Anterior AMI (%) 43 (43.4) 49 (43.4) 0.992

Killip class � 2 (%) 37 (38.9) 35 (31.0) 0.229

TIMI risk score 5.3 6 2.8 4.9 6 2.5 0.199

Left ventricular EF (%) 40 6 9 40 6 7 0.507

Chest pain to hospital (min) 101 (69–188) 109 (67–154) 0.606

Needle-to-angiography time (min) 37 (27–50)

Door-to-angiography time (min) 44 (37–61) 60 (48–76) 0.001

Door-to-balloon time (min) 54 (47–75) 72 (59–90) 0.001

*Data are presented as mean value 6 SD or number (%) of patients; procedural times are presented

as median with interquartile ranges. PCI, percutaneous coronary intervention; CABG, coronary artery

by-pass graft; AMI, acute myocardial infarction; EF, ejection fraction.
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artery as assessed by corrected TIMI frame count (Table
II). The mean gain in left ventricular ejection fraction at
1 month was not significantly different between the
direct and the facilitated PCI groups (7.0% 6 9.2% vs.
8.3%6 6.6%, respectively; NS; P ¼ 0.259).
When analyzing the results according to the prein-

terventional TIMI flow grade, more patients starting
PCI with a TIMI flow grade 3 achieved a postinterven-
tional fast TIMI flow grade 3 as well as a TIMI perfu-
sion grade 3 (Table III). A preinterventional TIMI flow
grade 3 was also associated with a better recovery in
left ventricular function at 1 month, as evaluated by
the mean gain in left ventricular ejection fraction
(10.9% 6 6.4% vs. 7.0% 6 9.3% direct PCI group vs.
6.1% 6 6.0% facilitated PCI group with basal TIMI
0–2; P ¼ 0.004; Fig. 2).

In-Hospital and Late Clinical Outcome

Overall in-hospital mortality was 4.7% (10 patients),
without significant difference between the facilitated
and the direct PCI group (3.5% vs. 6.1%, respectively;
NS; P ¼ 0.294). Patients with baseline TIMI flow grade
3 showed a particularly favorable clinical outcome,
with no major cardiac events during index hospitaliza-
tion and very few events at follow-up (median time to
last follow-up or major cardiac events ¼ 230 days;
interquartile range ¼ 95–324 days; Table IV, Fig. 3).
As far as safety is concerned, no significant differ-

ence was observed in the incidence of major bleedings
between the direct PCI and the facilitated PCI groups
(3.0% vs. 6.2%, respectively; NS; P ¼ 0.226),
although there was a trend toward more bleedings
associated with combination therapy.

DISCUSSION

The present study shows that off-hour patients show-
ing a preinterventional normal epicardial flow after

combination therapy with very-low-dose alteplase and
full-dose abciximab achieved a better myocardial
reperfusion despite a longer door-to-balloon time when
compared to direct PCI performed during regular busi-
ness hours. Moreover, early angiographic benefit trans-
lated into a better recovery in left ventricular ejection
fraction at 1 month and an overall favorable clinical
outcome. Bleeding complications related to combina-
tion therapy remained a major concern despite the very
low dose of thrombolytic drug.

Relevance of Time to Reperfusion in Primary
Coronary Angioplasty

It is well known that the efficacy of thrombolytic ther-
apy is inversely related to time to treatment. Although
such a relationship is not so clear-cut in primary PCI,
several studies have shown that time to reperfusion
remains an important determinant of infarct size, mortal-
ity, and overall clinical outcome also in this setting. In
particular, Cannon et al. [3] showed that patients under-
going primary PCI within 60 min from arrival had an in-
hospital mortality rate 15% lower than patients treated
between 61 and 120 min; death rate increased up to 40–
60% in patients with a door-to-balloon time greater than
120 min. Similarly, a recent study by the Zwolle study
group points out the relation between ischemic time and
primary PCI, in particular in the absence of preproce-
dural antegrade flow [13]. According to Liem et al. [14],
the median additional delay of 43 min due to transferring
patients for primary PCI was associated with a more
extensive myocardial damage and lower ejection fraction
at 6 months. For patients directly referred to centers with
catheterization facilities, the nighttime presentation is
recognized as the most important predictor of door-to-
balloon delay [6]. In the present study, the delay due to
the off-hour presentation was comparable to that
observed by Liem et al. [14] for transferring patients and
therefore can be expected to affect infarct size adversely.

Primary PCI and Off-Hour Presentation

Previous studies reporting the results of primary PCI
during the off-hours showed conflicting results. Some
reported no significant differences in clinical outcome
[15–17]. However, the populations were relatively
small and therefore the studies were underpowered to
test differences in mortality; in one study the off-hour
presentation did not cause a longer ischemic and door-
to-balloon times [17], and in another work a possible
selection bias could have affected the results since
only 23% of the patients were treated during the night
[15]. A much larger study of 1,702 patients docu-
mented a twofold increase in mortality in patients with
nighttime presentation linked to the higher rate of

Fig. 1. TIMI flow at basal angiography.
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failed PCI [7]. A circadian variation in the occurrence
of MI was also observed, suggesting that time of treat-
ment can be independent of time to treatment and
linked to both pathophysiologic daily periodicity and
different performance of the healthcare team [18].
A strategy of facilitated PCI during the off-hours

could potentially act on both delay, heightened throm-
bogenicity and medical performance, by starting early
recanalization of the infarct-related artery. In fact, per-
forming PCI on an open artery reduces the probability
of a failed procedure [19] and generally makes PCI
less troublesome. It is possible to speculate that this
advantage could balance the lower performance of the
medical team at night.

Previous Studies on Facilitated PCI

To date, published information on facilitated PCI is
mainly derived from trials aimed at testing the effec-
tiveness of combination therapy as a reperfusion strat-
egy per se. In these trials, PCI was performed only in
a subgroup of the patients enrolled according to the
angiographic result after pharmacological therapy. In
the TIMI 14 trial [8], combination therapy was effec-
tive in improving both basal flow at 60 and 90 min as

well as the results of PCI. Similar results were
obtained by the SPEED [20] and the INTEGRITI [21]
trials. A recent meta-analysis [22] of 4,924 patients
comparing facilitated PCI with standard treatment
showed a significantly better outcome in the facilitated
PCI group (OR ¼ 0.67; 95% CI ¼ 0.46–0.96; P ¼
0.00001 for death, nonfatal MI, and target vessel
revascularization) with a nonsignificant trend toward
more bleedings (OR ¼ 1.12; 95% CI ¼ 0.86–1.47).

Results of the Present Study

The main result of the present study was that combi-
nation therapy with very-low-dose alteplase and abcixi-
mab improved the results of off-hour primary PCI
when effective in restoring early epicardial reperfusion.
The off-hour presentation was not associated with an
increased rate of failed procedures as reported by pre-
vious studies [7], possibly related to the advantage of
starting the procedure with a TIMI flow 2–3 in most
patients. Early and more complete myocardial revascu-
larization translated into an improvement in left ven-
tricular function at 1 month. These results are consis-
tent with previous observations that pointed out the
relevance of basal TIMI flow grade 3 on left ventricu-
lar function recovery [23] and mortality [19]. Of
notice, in the present study, the failure in achieving a
basal TIMI 3 flow with combination therapy does not
seem to have affected adversely the postinterventional
angiographic result when compared to direct PCI.
In the present study, we found a relevant difference

in basal TIMI flow between the two groups because of
a low rate of TIMI 2–3 grade flow in the direct PCI
group (13%). It should be noticed that this patient
group was treated before PCI with heparin and ASA
only. Our data are comparable with the rate of TIMI
2–3 flow found in the placebo arm (ASA and heparin)
of the ADMIRAL trial (10.8%) [24].
The pharmacological regimen for combination ther-

apy was chosen on the basis of the results of the TIMI
14 trial [8], which showed that adding a very low dose
of lytic to standard-dose abciximab could improve the

TABLE III. Postinterventional Angiographic Results According to Basal TIMI Grade Flow*

Direct PCI group

basal TIMI

flow 0–2 (n ¼ 98)

Facilitated PCI group

P

Basal TIMI

flow 0–2

(n ¼ 63)

Basal TIMI

flow 3

(n ¼ 50)

Final TIMI flow grade 3 (%) 90 (91.8) 60 (95.2) 49 (98.0) 0.288

Final cTFC 30 6 19a 28 6 12 22 6 13a 0.012

Final cTFC < 23 (fast TIMI 3) (%) 38 (38.8)a 22 (34.9)b 36 (72.0)a,b 0.001

Final TIMI perfusion grade 3 (%) 38 (38.8)a 25 (39.7)b 33 (66.0)a,b 0.004

*Data are presented as mean value 6 SD or number (%) of patients.
a,P < 0.05 for direct PCI group vs. TIMI 3 facilitated PCI group.
bP < 0.05 for TIMI 0–2 facilitated PCI group vs. TIMI 3 facilitated PCI group.

Fig. 2. Left ventricular function according to basal TIMI grade
flow. EF, ejection fraction; D-PCI, direct PCI group; F-PCI,
facilitated PCI group.
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rate of TIMI flow grade 3 without a significant
increase in bleeding complications (reported rate ¼
3%). The relatively small rate of expected TIMI flow
grade 3 was still considered an acceptable target since
our strategy included mechanical reperfusion anyway.
In the present study, 44% of the patients presenting

off-hours and pretreated with alteplase and abciximab
showed a basal TIMI flow grade 3. This finding is
consistent with the results of the TIMI 14 trial [8],
although in that trial angiography was performed later.
The relatively small increments in the rates of TIMI
flow grade 3 with time according to the present study
(44%) and to the TIMI 14 trial at 60 min (47%) and
at 90 min (53%) suggest that the large part of the
effect of combination therapy occurs early after admin-
istration, which makes it suitable for facilitated pri-
mary PCI. As far as safety is concerned, the 6.2% inci-
dence in major bleedings was disappointing and,
although no significant difference was found with the
direct PCI group, the observed trend reinforces the
concern about bleeding risk associated with combina-
tion therapy despite the very low dose of lytic drug.
In the present study, the rate of TIMI 3 flow in the

direct PCI group was lower than that reported by pre-
vious works [19,25,26]. A possible explanation could
be the shorter door-to-balloon time and consequently
the shorter time between aspirin and heparin adminis-
tration and first angiography.

Lastly, in this study PCI was performed in all patients,
even if a TIMI flow grade 3 was observed at baseline. This
strategy is supported by de Lemos et al. [27], who showed
a better ST segment resolution if PCI was added to combi-
nation therapy even in the presence of a normal basal flow.

Study Limitations

Our study has several limitations. First, the study
was not randomized and therefore cannot assess
whether facilitated PCI is actually superior to direct
PCI in patients presenting off-hours. However, the
group of patients presenting off-hours was well
matched with the group of patients presenting during
regular hours, making the differences observed in basal
and post-PCI angiography unlikely due to chance.
A second limitation is related to the small sample

size, which affects in particular the clinical results. For
this reason, the primary endpoints of the study were
angiographic markers of myocardial reperfusion, which
were shown to predict clinical outcome and can there-
fore be used as surrogate for the hard clinical end-
points. Still, the positive trend observed is consistent
with the angiographic results of this study as well as
with previously published papers, supporting the
rationale for further investigation on this therapeutic
strategy.
Finally, the dosing regimen chosen for the facilitated PCI

protocol is arbitrary, although based on the results of the

TABLE IV. In-Hospital and Late Clinical Outcome According to Basal TIMI Grade Flow*

Direct PCI group basal

TIMI flow 0–2

(n ¼ 98)

Facilitated PCI group

P

Basal TIMI

flow 0–2

(n ¼ 63)

Basal TIMI

flow 3

(n ¼ 50)

In-hospital outcome

Death (%) 6 (6.1) 4 (6.3) 0 0.195

Recurrent ischemia (%) 3 (3.1) 2 (3.2) 0 0.458

Repeat PCI (%) 1 (1.0) 0 0 0.560

CABG (%) 2 (2.0) 1 (1.6) 0 0.606

Stroke (%) 0 0 0

MACE (%) 10 (10.2) 5 (7.9) 0 0.070

Heart failure 17 (17.3)a 7 (11.1) 1 (2.0)a 0.023

MACE þ heart failure (%) 21 (21.4)b 9 (14.3) 1 (2.0)b 0.007

Late outcome

Death (%) 10 (10.2) 5 (7.9) 0 0.082

Recurrent AMI 4 (4.4) 1 (1.7) 1 (2.0) 0.780

Repeat PCI (%) 6 (6.7) 0 2 (4.0) 0.220

CABG (%) 3 (3.4) 1 (1.7) 1 (2.0) 0.801

MACE (%) 20 (20.4)c 6 (9.5) 3 (6.0)c 0.048

Heart failure (Rehospitalization) 15 (16.7) 6 (10.2) 3 (6.0) 0.188

MACE þ heart failure (%) 32 (32.7)d 12 (19.0) 6 (12.0)d 0.033

*MACE, major adverse cardiac events.
aP ¼ 0.016 for direct PCI group vs. TIMI 3 facilitated PCI group.
bP ¼ 0.003 for direct PCI group vs. TIMI 3 facilitated PCI group.
cLog-rank 4.79, P ¼ 0.028 for TIMI 0–2 direct PCI group vs. TIMI 3 facilitated PCI group.
dLog rank 5.85, P ¼ 0.015 for TIMI 0–2 direct PCI group vs. TIMI 3 facilitated PCI group.
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TIMI 14 trial. We cannot exclude that different pharmaco-
logical approaches could be superior in efficacy and safety.
In our series, combination of abciximab and very

low dose of alteplase improved the results of primary
PCI when effective in achieving a basal TIMI 3 flow.
Bleeding risk remains a major drawback.
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