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B Abstract
Myocardial infarction, . ) ) ) ) N
EEIIEE Aim: The purpose of this study was to evaluate the impact of time-to-reperfusion on outcome after facilitated
percutaneous percutaneous coronary intervention (PCl) i.e. PCI following early pharmacological reperfusion therapy
coronary intervention, in ST-segment elevation myocardial infarction (STEMI).
Tr}r/v Zfar;i:ftlar/f; e Methods and results: The study population consisted of 262 consecutive patients with STEMI, aged <75 years,
left ventricular without cardiogenic shock, presenting <12 hours of chest pain onset, transferred from community hospitals
function. to a catheterization laboratory with time delay >90 min after pharmacological reperfusion therapy (alteplase

i.v. bolus 15 mg followed by an infusion —35 mg/60 min; abciximab i.v. bolus 0.25 mg/kg followed by a 12-
hour infusion — 0.125 pg/kg/min; unfractionated heparin i.v. bolus 40 U/kg [maximum 3000 U]). One hun-
dred seventeen patients (44.7%) received pharmacological reperfusion therapy <3 h after chest pain onset,
101 (38.5%) at 3-6 h and 44 patients (16.8%) >6 h. Patent infarct-related artery rates at initial angiography
were similar among the study groups. PCl significantly improved epicardial flow in all three groups. Mortality
at 12 months was significantly related to time-to-pharmacological reperfusion (3.4% [<3 hl, 4.0% [3-6 h],
13.6% [>6 h], p=0.027). At 6 months left ventricular ejection fraction was significantly improved in the two
groups of patients with time-to-pharmacological reperfusion <6 hours and the time-to-pharmacological reper-
fusion was the independent predictor of lack of left ventricular ejection fraction recovery.

Conclusion: Our study shows that among STEMI patients undergoing facilitated PCI, time-to-pharmacolog-
ical reperfusion significantly affects left ventricular function recovery and long-term mortality.
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Importance of time-to-reperfusion with facilitated PCI

Introduction

Initiation of fibrinolytic therapy within 6-12 hours after the onset of
chest pain significantly reduces mortality in patients with ST-seg-
ment elevation myocardial infarction (STEMI)2. However, the abil-
ity of fibrinolytic treatment to open the occlusion responsible for
STEMI declines with the increasing interval between symptom onset
and the initiation of the therapy2. Primary percutaneous coronary
intervention (PCI) for STEMI is free from this limitation and is asso-
ciated with the highest efficacy in establishing the infarct-related
artery patency®. Trials comparing routine fibrinolysis with PCI for
STEMI have shown reduced 30-day mortality among patients
undergoing primary PCI256. However, the need for a long-distance
transport to a hospital offering 24/7 service by experienced opera-
tors, limits access to invasive treatment for myocardial infarction, as
it may markedly delay initiation of reperfusion therapy from the
onset of STEMI2. In fact, the increasing time from symptom onset to
presentation directly and similarly affects survival in patients with
STEMI receiving fibrinolytic therapy and undergoing primary PCI,
particularly in high-risk patients*”-11. Early pharmacological therapy
may promote reperfusion and improve outcome by preservation of
left ventricular function'?. This may certainly overcome the delay
due to long-distance transportation.

We have previously suggested that pharmacological facilitation can
be successfully employed to allow prolonged (>90 min) transfer
from a community hospital without interventional facility to the pri-
mary PCI centrel3. The purpose of the present study is to evaluate
the effect of time-to-pharmacological reperfusion on clinical out-
come after facilitated PCI for STEMI following prolonged transfer.

Methods
Study population

The study population is represented by a consecutive series of 262
STEMI patients included in the Krakow Programme of Interventional
Treatment for Myocardial Infarction between June 2001 and March
2002 and referred to the Department of Interventional Cardiology of
the Institute of Cardiology, Medical College Jagiellonian University in
Krakow from community hospitals with transportation time >90 min.
Detailed inclusion and exclusion criteria have been provided else-
where!3. In brief, patients presenting within 12 hours after chest pain
onset, with ST-segment elevation >0.1 mV in at least two adjacent
leads or acute left bundle branch block, aged <75 years, without car-
diogenic shock and contraindications to fibrinolysis entered the study.

Treatment

After exclusion of contraindications and phone contact with the pri-
mary PCI facility, patients received pharmacological reperfusion
therapy in a community hospital. They were given aspirin (100-
325 mg), intravenous bolus of unfractioned heparin (40 U/kg, max-
imum 3000 U), 15 mg alteplase and 0.25 mg/kg abciximab, and
then intravenous infusion of alteplase (35 mg/60 min) and abcix-
imab (0.125 ug/kg/min over 12 hours). Upon initiation of the treat-
ment patients were transported by an ambulance or by air to the
primary PCl centre at the Institute of Cardiology in Krakow. Patients
received 300 mg of clopidogrel on admission to the interventional
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facility. Coronary angiography and angioplasty were performed as
previously described!3. A decision about bare metal stent implanta-
tion was made by the operator in case of suboptimal balloon angio-
plasty (diameter stenosis >30%), dissection impairing blood flow
and/or possible reocclusion, and stenosis of proximal left anterior
descending artery. Procedural success was defined as restored
Thrombolysis In Myocardial Infarction (TIMI) grade 3 flow and
diameter stenosis <30% at the site of occlusion for balloon angio-
plasty and <20% for stent implantation. In some patients with TIMI
grade 3 flow at initial angiography and clinical signs of myocardial
reperfusion PCl was postponed or coronary artery bypass grafting
was performed. Adjunctive pharmacological therapy was used in
compliance with current guidelines for STEMI management.

Angiographic assessment

TIMI grade flow in the infarct-related artery and TIMI myocardial
perfusion grade (TMPG) were assessed at baseline and after PCI, in
compliance with the currently accepted criterial#1. Analysis was
performed in angiographic core laboratory at Krakow Cardiovascular
Research Institute (Krakow, Poland) by an independent observer
with New Quant32, QCAPIus software (Sanders Data Systems, Palo
Alto, CA, USA).

Clinical assessment

The primary end point was mortality at 12-month follow-up. Re-
infarction was defined as recurrent chest pain with new changes in
the ECG (ST-segment elevation, left bundle branch block, new
Q waves) and/or 2-fold elevation in creatine kinase over the normal
upper limit or by a further 50% increase if already over the normal
upper limit. Left ventricular ejection fraction was assessed by
echocardiography (SONOS 5500 Agilent Technologies Inc., Palo Alto,
CA, USA) according to Simpson in classical two- and four-chamber
apical projections within 2 to 3 days after admission (baseline) and
at 6 months.

Statistical analysis

Categorical data were presented as counts and proportions (percent-
ages) and continuous variables were expressed as means + standard
deviations. Statistical comparisons between subgroups were performed
using chi-square test and Fisher’s exact test for categorical variables,
and paired Student’s t-test and the Kruskal-Wallis test for continuous
variables, as appropriate. Cumulative risk of death was estimated using
Kaplan-Meier curves and differences between the study groups were
evaluated with the log-rank test. In addition, the multivariate Cox regres-
sion analysis was performed to find significant predictors of survival.
Multiple linear regression was performed to identify independent
predictors of left ventricular ejection fraction recovery at 6 months.
A p value of < 0.05 was considered statistically significant.

Results

Our population is represented by 262 patients who underwent facil-
itated primary angioplasty. In 117 patients (44.7%) pharmacologi-
cal reperfusion therapy was administered <3 hours after chest pain
onset, 101 (38.5%) 3-6 hours, and 44 patients (16.8%) >6 hours.
Table 1 summarizes clinical characteristics of the study population



Table 1. Baseline characteristics of the study population divided by time-to-pharmacological reperfusion.

Clinical research

Total group <3 hours 3-6 hours >6 hours P Value

N= 262 117 101 44

Age [years] 57.0£9.3 55.849.3 57.7+8.9 58.4+10.1 NS
Males [%] 76.7 81.2 75.3 68.2 NS
BMI [kg/m?] 27.043.6 27.043.6 27.0+3.8 26.8+3.5 NS
Diabetes mellitus [%] 10.7 6.0 12.9 18.2 0.048
Hypertension [%] 52.7 50.4 53.5 56.8 NS
Smoking [%] 71.0 71.7 67.3 61.4 NS
Prior angina [%] 42.7 36.8 47.5 47.7 NS
Prior myocardial infarction [%] 12.6 9.4 18.8 6.8 NS
Prior PCI [%] 0.4 0.0 1.0 0.0 NS
Prior CABG [%] 0.4 0.0 1.0 0.0 NS
Hyperlipidaemia [%] 74.4 70.1 82.2 68.2 NS
HR on admission [min™] 79+15 78+16 79+14 80+11 NS
SBP on admission [mmHg] 130+22 131+24 131+20 128+21 NS
DBP on admission [mmHg] 80+14 80+13 81+15 79+14 NS
LVEF on admission [%] 54+10 55+10 53+10 56+12 NS
Multivessel disease [%] 48.9 48.7 53.5 38.6 NS
Anterior infarction [%] 42.4 38.5 43.6 50.0 NS
max. CK during hospital stay [U/l] 299042714 2970+2709 286442593 3309+3011 NS
max. CK-MB during hospital stay [U/l] 3174274 310+287 296+231 3794317 NS

BMI: body mass index, PCI: percutaneous coronary intervention, CABG: coronary artery bypass graft, HR: heart rate, SBP: systolic blood pressure,
DBP: diastolic blood pressure, LVEF: left ventricular ejection fraction, CK: creatine kinase.

according to time from chest pain onset to pharmacological
reperfusion. Diabetes mellitus was more frequent in patients with
time-to-reperfusion >6 hours. Left ventricular ejection fraction on
admission was similar among the study groups. Mean time from
pharmacological reperfusion therapy to femoral artery puncture
was 132+40min and was similar among the study groups
(132+43 min (<3 hours), 134439 min (3-6 hours), 131+£33 min
(>6 hours), p=NS).

Time-to-reperfusion, angiographic and clinical
outcomes

Frequency of TIMI grade 2 to 3 flow at initial angiography was sim-
ilar among the study groups (89.8% (<3 hours), 80.5% (3-6 hours),
86.1% (>6 hours), p=NS) - see Figure 1. PCI after early pharmaco-
logical reperfusion therapy was highly effective and angiographic
results were similar among the study groups. The distribution of
TMPG before and after PCI did not differ significantly among the
groups, either.

Despite no difference at baseline, left ventricular ejection fraction
(Table 2) significantly improved at follow-up (6 months) only in
patients with time-to-pharmacological reperfusion therapy
<6 hours. In the multivariate analysis, time from chest pain onset to
pharmacological reperfusion, occluded infarct-related artery (TIMI
grade O to 1 flow) at initial angiography and diabetes mellitus were
the independent predictors of lack of left ventricular ejection frac-
tion recovery at 6 months (Table 3). As clearly reported in Figure 2
at 12-month follow-up mortality was also highest with the longest
time to reperfusion. The difference was already observed within
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Figure 1. Angiographic results for time intervals from chest pain onset
to pharmacological reperfusion therapy. (black bars - The
Thrombolysis In Myocardial Infarction (TIMI) grade 3 flow before per-
cutaneous coronary intervention (PCI), white bars - TIMI grade 3 flow
after PCI, dark grey bars - TIMI myocardial perfusion grade (TMPG)
grade O to 1 flow before PClI, light grey bars - TMPG grade O to 1 flow
post PCl). p<0.001 for all comparisons between TIMI grade 3 flow
before and after PCI groups, p=NS for all comparisons between TMPG
grade O to 1 flow before and after PCI groups.

13.6"13.6#

< 3 hours 3-6 hours > 6 hours Total group

Figure 2. Clinical results at 12 months for time intervals from chest
pain onset to pharmacological reperfusion therapy. (black bars — death,
white bars — death without hemorrhagic stroke, grey bars — non-fatal

re-infarction). * —p=0.027, # -p=0.007, & —p = NS.
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Table 2. Left ventricle ejection fraction (LVEF) at 2-3 days and 6 months follow-up for time intervals from chest pain onset to pharmaco-

logical reperfusion therapy.

Total group <3 hours 3-6 hours >6 hours P Value
LVEF at 2-3 days [%] 55.049.0 54.548.3 55.249.7 56.2+10.6 NS
LVEF at 6 months [%] 57.5+¢11.3 58.6+10.8 58.2+11.2 52.0+£12.0 NS
Change in LVEF [%] 2.549.0 4.1+8.8 3.0£8.4 - 4.2+8.7 0.006
P Value 0.0008 0.0008 0.009 0.078
Table 3. Multivariate predictors of 6-month left ventricular ejection fraction recovery.
Variable Coefficient SE 95% CI P Value
Gender (female) -0.066 1.801 -3.636, 3.504 0.971
Age (per 1 year older) 0.204 0.0917 0.022, 0.386 0.028
Diabetes mellitus -6.767 2.734 -12.187, - 1.347 0.015
TIMI grade 0 to 1 flow at initial angiography -7.043 2.461 -11.922, - 2.164 0.005
Time-to-pharmacological reperfusion >6 hours -6.799 2.237 -11.232, - 2.365 0.003
Constant -6.513 5.136 -16.696, 3.669 0.208
SE: standard error, CI: confidence interval.
30 days and was stable till 12-month follow-up (Figure 3), but in the Lo
multivariate Cox regression analysis age was the only independent H L < 3 hours
predictor of 12-month mortality (Table 4). 05 e S

Discussion

Recent data indicate that even long-distance transportation for pri-
mary PCl improves outcomes in comparison to fibrinolysis at hospi-
tals without invasive treatment facility!®1°. However, the mortality
benefit associated with primary PCl in STEMI is sustained if time-to-
reperfusion is <60 min?°. According to the European and American
guidelines, primary PCl is a method of choice in patients with
expected delay to invasive treatment <90 min from a patient’s first
medical contact?123,

In patients with STEMI and expected transport >90 min routine fib-
rinolysis remains the treatment of choice. A good alternative could
be facilitated PClI, i.e. out-of hospital pharmacological reperfusion
therapy followed by PCI for STEMI?*. This treatment option may
shorten duration of myocardial ischaemia which is the main deter-
minant of infarct size in experimental models?>2’. Confirming these
experimental studies, patency of the infarct-related artery before
PCI has been shown to be associated with improved clinical out-
comes and better preservation of left ventricular function at long-
term follow-up?8-3°.

0.90 > 6 hours

0.85

p=0.03 (log-rank)

3 6 9 12
Time (months)

0.80

Figure 3. Kaplan-Maier survival curves for time intervals from chest
pain onset to pharmacological reperfusion therapy.

We have previously suggested that pharmacological facilitation of
primary PCI, achieved with combination thrombolytic therapy
(abciximab, unfractionated heparin and half-dose alteplase) can be
successfully employed to allow long-distance transportation
(>90 min) from community hospital without interventional cardiol-
ogy facilities to the primary PCI centre. This strategy appears to con-
fer a very high initial patency of the infarct-related artery upon

Table 4. Multivariate Cox regression analysis for death and death without hemorrhagic stroke.

Death Death without hemorrhagic stroke
Variable HR SE 95% (I P Value HR SE 95% (I P Value
Gender (female) 0.807 0.620 0.179, 3.636 0.780 0.917 0.722 0.196, 4.290 0.912
Age (per 1 year) 1.095 0.046 1.008, 1.188 0.031 1.078 0.046 0.991, 1.173 0.080
Diabetes mellitus 1.251 1.095 0.225, 6.962 0.798 1.327 1.175 0.234, 7.526 0.749
TIMI grade 0 to 1 flow
at initial angiography 1.761 1.251 0.437, 7.090 0.426 2.155 1.577 0.514, 9.043 0.294
Time-to-pharmacological
reperfusion >6 hours 2.759 1.917 0.707, 10.768 0.144 3.261 2.356 0.792, 13.434 0.102

HR: hazard ratio, SE: standard error, CI: confidence interval.
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arrival to the interventional facility and clinical outcomes equivalent
to those seen in patients directly transferred for primary PCI'3. In
the present study, we demonstrated that the acute efficacy of such
pharmacoinvasive approach is independent from the time to
achieve reperfusion. This finding is in accordance with data on pri-
mary PCl and in contrast to standard fibrinolytic therapy for STEMI
which efficacy diminishes with the increasing time from chest pain
onset to reperfusion3. In the current study the efficacy of epicardial
reperfusion and microcirculation as assessed by angiographic
parameters was comparable in the study groups, and PCI after fib-
rinolytic therapy was safe and resulted in additional improvement of
epicardial perfusion.

On the other hand, our data show that the time-to-pharmacological
reperfusion does matter for long-term outcomes of STEMI patients
treated with facilitated angioplasty. Similarly to primary PCI without
facilitation and conventional thrombolysis, we noted increased mor-
tality with prolonged time from chest pain onset to reperfusion®”-11.
In fact, in our study we demonstrated that despite similar rates in
terms of preprocedural epicardial and myocardial perfusion, the
immediate and late mortality was the highest in patients receiving
pharmacological treatment >6 hours. Furthermore, the improve-
ment in left ventricular ejection fraction at 6-month follow-up was
only observed in patients with earlier pharmacological reperfusion
(<6 hours). These data further confirm previous observation that
optimal epicardial and myocardial reperfusion can not abrogate the
deleterious effect of longer time-delay to treatment3::32, Our data are
consistent with those by Brodie et al. who demonstrated that the
short time-to-reperfusion was associated with improved left ventric-
ular function at long-term follow-up®.

Conclusions

Our study shows that in patients with STEMI undergoing pharmaco-
logical facilitation during transportation, transfer to primary PCI cen-
tre, even in excess of 90 min can produce favourable short- and
long-term outcomes as long as time from chest pain onset to initial
fibrinolysis does not exceed 6 hours. In fact, patients with time-delay
to reperfusion >6 hours, despite similar rates in terms of preproce-
dural epicardial and myocardial reperfusion, had no improvement in
left ventricular ejection fraction and higher mortality in comparison
with patients treated within 6 hours from symptoms onset. Future
larger trials are certainly needed in order to confirm this finding.
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