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Considerationsin Combination Therapy: Fibrinolyticsplus Glycoproteinlb/l11a
Receptor Inhibitorsin Acute Myocardid Infarction
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Royal VictoriaHospital, Belfast, Northern Ireland

Summary: Thecombined useof afibrinolytic and aplatel et
glycoprotein (GP) l1b/I11areceptor inhibitor totarget thefibrin
and platelet components of occlusive thrombi offers the po-
tential for more rapid and complete reperfusion in patients
with acute myocardia infarction (M1), athough there have
been concerns about the safety of this combination therapy.
Data from the recent GUSTO-V and the ASSENT-3 trias
support theuse of thisregimenin that the 30-day desth or non-
fatal reinfarction rate (7 days) in GUSTO-V and death or in-
hospitd reinfarction or in-hospital refractory ischemiaratein
ASSENT-3 werereduced (p=0.001 and p = 0.0001, respec-
tively). The need for revascularization in both thesetrialswas
also reduced significantly. Therewasno increased risk of in-
tracranial hemorrhage or strokewith the combination therapy,
but anincreased rate of nonintracrania severeor mgjor bleed-
ing was observed. At present, patientsaged > 75 yearsshould
not receive combination therapy. Further studiesin subgroup
patient popul ationsare warranted.

Key wor ds: glycoprotein l1b/l11areceptor inhibitors, throm-
bolysis, heparin

Introduction
Thrombolytic therapy in patients with acute ST-elevation

myocardid infarction (MI) substantially reduces short- and
long-term mortality.1> Numeroustrials have demonstrated a
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significant effect of glycoprotein (GP) lIb/llla receptor in-
hibitorsin reducing ischemic complicationsin patientsreceiv-
ing percutaneous coronary intervention (PC1).6 7

The combination of afibrinolytic agent and a platelet in-
hibitor isastrategy motivated by therecognition that occlusive
thrombi contain both fibrin-rich and platelet-rich compo-
nents. 2 Furthermore, fibrinolysi s exposes ¢l ot-bound throm-
bin, whichincreasesplatel et aggregation by activeting GP11b/
[llareceptors.

Pilot studiesdemonstrated improved reperfus onwith com-
bination therapy of thrombolytic and GP IIb/ll1a inhibitors
compared with thrombolytic therapy,10-12 however, differ-
enceswere noted in therisk of major bleeding events among
the combination regimenstested.

Thisarticlewill review theclinicd trias (phase Il and 111)
that investigated the management of ST-devation M| withthe
combination of fibrinolytic thergpy and GP11b/111ainhibitors.

Thrombolysisin Myocardial Infarction
(TIM1)-14Trial

Thephasell TIMI-14trial comprised two trestment armsin
patientswith ST-segment elevation M1 (within 12 h): oneeval-
uated the combination of ateplase or streptokinasewith abcix-
imab (n = 888)13 and the other evaluated the combination of
reteplase and abciximab (n = 299).14

Inthefirst arm, patientswere randomized to standard-dose
alteplase or standard-dose abciximab bolus plus infusion
alone or in combination with arange of doses of ateplase or
streptokinase; the control patients received standard weight-
adjusted heparin, whereasthose receiving abciximab received
low-dose heparin (60 U/kg bolus [maximum 4000 U] and 7
U/kg/hinfusion [maximum 800 U/h]).13 The most promising
combination wasthe alteplase 50 mg (15 mg bolus, 35 mgin-
fusion/60 min) plusabciximab (bolus0.25 mg/kg; 12-hinfu-
sion: 0.125 pg/kg/min), along with low-dose or very-low-dose
heparin (30 U/kg bolus; 4 U/kg/h infusion). Rates of TIMI
grade 3 flow were significantly higher inthe pooled combina
tion group that received low-dose heparin than inthe ateplase
control group at both 60 and 90 min (Fig. 1).13 In addition,
ratesof TIMI grade 3 flow were somewhat lower inthe very-
low-dose heparin group (69% at 90 min).
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Fic.1 Percent of patients achieving TIMI grade 3 flow at 60 (O0)
and 90 (m) mininthe TIMI-14trid. Adapted from Ref. No. 13with
permission.

Therate of major bleedingwas 7% in the ateplase plus ab-
ciximab and low-dose heparin group and 1% in the alteplase
plus abciximab and very-low-dose heparin group, compared
with 6% in the alteplase control group, 3% inthe abciximab-
alonegroup, and 10% in al the streptokinase plus abciximab
groups combined. Streptokinase combined with abciximab
produced adose-rel ated increasein magjor hemorrhage. Simi-
larly, for combination therapy with full-dose streptokinaseand
escalating eptifibatide doses, an increased risk of moderate/
severebleeding was observed. > It was suggested that thismay
be because of theincreased systemic disturbancesinthehemo-
gatic system that occur with lessfibrin-specific agents, suchas
streptokinase, 12 resulting in the discontinuation of combina:
tion therapy with streptokinase.

Theoverdl rateof intracranial hemorrhage (ICH) was 1.1%,
with no detigticaly significant differences observed between
regimens. Theauthorsconcluded that theimprovement in reper-
fusonwith al the combined haf-dose dteplase and abciximab
groupswashot associated withincreased risk of bleeding.

Inthesecond arm of TIMI-14, patientswererandomizedto
standard-dose, double-bolusreteplase (10U + 10 U) and stan-
dard weight-adjusted heparin or standard-dose abciximab
plus reduced-dose retepl ase with low-dose (60 U/kg bolus; 7
U/kg/hinfusion) or very-low-dose (30 U/kg bolus; 4 U/kg/h
infusion) heparin.}* Rates of TIMI grade 3 flow at 90 min
were 70% in the reteplase control group, 73% in the abcix-
imab plus half-dosereteplase (5 U + 5 U) group, and 77%in
the abciximab plusreteplase (10 U + 5 U) group. Therewere
no differencesin flow rates observed according tolow-doseor
very-low-dose heparinuse.

Theoverdl rate of ICH inthissecond arm of TIMI-14 was
1.3%, whilethe overall mgjor bleeding rate was 6%. No sig-

nificant differences between dosage groups were observed
with regardtoincidenceof ICH. However, mgjor bleedingwas
more common in the combination group that received rete-
plase 10 U + 5 U (12%; 14% in the low-dose heparin group
and 10% in the very-low-dose heparin group) compared with
the control group (4%) and the combination group that re-
ceived reteplase 5 U + 5 U (4%; 2% in the low-dose heparin
group and 5% in the very-low-dose heparin group). In total,
ICH occurred in none of the control patients, in one patient
who received the combination that included reteplase 5U +5
U, and inthree patientswho received the combination that in-
cludedreteplase 10U +5U.

Thus, the results of the TIMI-14 tridl demonstrated that
combination of half-dosefibrinolytic plusthe GP b/l 1are-
ceptor inhibitor abciximab enhanced theincidence and speed
of reperfusion in patients presenting within 12 h of onset of
MI symptoms. Asboth armsof TIMI 14 were doseranging,
the small numbers of patients were not adequate to assess
safety satisfactorily.

Strategiesfor Patency Enhancement in the Emer gency
Department (SPEED)

The SPEED phase |1 trid comprised two treatment arms
(phases A and B) and included patientswith ST-segment ele-
vationMI (< 12 h presentation).16

Petients in phase A (n = 304) were randomized to abcix-
imab aone or abciximab with various single- or double-bolus
reduced doses of reteplase. All received heparin (60 U/kg bo-
lus; infusiontitrated to activated clotting timeof =200s).

Phase B of the study compared abciximab plusreteplase 5
U +5U (best combination identified in phase A; heparin bo-
lus: 40 U/kg, maximum 4000 U) with full-dose reteplase (10
U + 10 U) done (heparin bolus: 70 U/kg, maximum 5000 U)
in 224 patients. Thrombolysisin Myocardia Infarction grade
3 flow was observed in 54% of the combination trestment
group compared with 47% of patientsin the reteplase-alone
group (p=0.39). Patientsfrom both phases showed atrend to-
ward greater reperfusion with the combination regimen that
used higher-dose compared with low-dose heparin.

Theaddition of abciximab to reteplasewas associated with
atrend toward increased major bleeding without significantly
increasing therate of transfusions.16 In phase B, major bleed-
ing occurred in 3.7% of the reteplase-alone group and 9.8%
of the abciximab pluslow-dose reteplase group. Intracranial
hemorrhage occurred in 0.9% of patientswho received rete-
plase alone and in none of the recipients of abciximab plus
low-dosereteplase.

Takentogether, theresultsfrom TIMI-14 and SPEED found
that the highest rates at 60 min of TIMI grade 3 flow were
achieved with standard-dose abciximab combined with half-
dose dteplase or half-dose reteplase. Reaching TIMI grade 3
flow with these regimens also appeared to be sensitive to the
amount of heparin administered. Both studies showed thet the
addition of lower-dose heparin (TIMI-14: 30 U/kg; SPEED:
40 U/kg) resultedin dightly lower ratesof TIMI grade 3 flow.
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Integrilinand L ow-Dose Thrombolysisin Acute
Myocar dial Infarction (INTRO-AMI)

TheINTRO-AMI study (phase I1) evad uated two doses of
tissue plasminogen activator (t-PA), 25 and 50 mg, in combi-
nation with single or variable double-bolus doses of eptifi-
batide in patients with ST-segment elevation MI presenting
within 6 h of onset of symptoms.Y” In phase A (dosefinding;
344 patients), thebest rate of TIMI grade 3 flow was achieved
using 180/90 pg/kg double bolus and 1.33 pg/kg/min eptifi-
batideinfusion combined with 50 mg of t-PA (65 and 78% at
60 and 90 min, respectively). Phase B (dose confirmation; 305
patients) investigated eptifibatide 180/90 pg/kg double bolus
with 1.33 or 2.0 pg/kg/min infusion and 50 mg t-PA versus
weight-adjusted t-PA (maximum 100 mg). The60-min TIMI
grade 3 flow rateswere 42, 56, and 40%, respectively, and at
90min, 53, 62, and 54%, respectively.

The combination of t-PA and eptifibatide was not associat-
ed with a significant increase in the rate of major bleeding
complications relative to those seen with t-PA therapy aone.
Although the patient numbersweretoo small to assesssignifi-
cance, therewasasuggestiveincreasein theratesof ICH.

Assessment of the Safety and Efficacy of aNew
Thrombolytic Regimen (ASSENT-3)

The ASSENT-3trid investigated the use of thefibrinolytic
tenecteplase (TNK) in combination with enoxaparin, abcix-
imab, or unfractionated heparin in patients with ST-segment
elevation MI who presented within 6 h of symptom onset.18
Petientswererandomly assigned to receive

« full-dose TNK plusenoxaparin (30 mg intravenously
followed by 1 mg/kg twicedaily, subcutaneoudy, for a
maximum of 7 days; n=2,040);

« haf-dose TNK plusreduced-dose unfractionated hep-
arin (40 U/kg bolus[maximum 3000 U] followed by 7
U/kg/h infusion [maximum 800 U/h] for up to 48 h)
and abciximab (0.25 mg/kg bolus, followed by a12-h
infusion of 0.125 pg/kg/min) (n=2,017); or

« full-dose TNK plus unfractionated heparin (60 U/kg
[maximum 4000 U] followed by 12 U/kg/h infusion
[maximum 1000 U/h] for aminimum of 48 h [activat-
ed partia thromboplastintime5-709]) (n=2,038).

All patients received aspirin (150-325 mg). The primary
endpoints included one for efficacy (composite of mortality,
in-hospital reinfarction, or in-hospital refractory ischemiaat
30days) and another for efficacy plussafety (the primary effi-
cacy endpoint plusin-hospital ICH or in-hospital major bleed-
ing other than ICH).

With regard to the 30-day primary efficacy endpoint, asig-
nificantly greater benefit was seen with both the full-dose
TNK plusenoxaparin and the half-dose TNK plusabciximab
and heparin regimens compared with full-dose TNK plus
heparin (Fig. 2) (p=0.0001). These benefitswere noted at 48
h and continued to be documented during the duration of the
study. The 30-day mortality rates were similar across the
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Fic.2 Kaplan-Meier curvesfor the composite of 30-day mortdlity,
in-hospita reinfarction, or in-hospital refractory ischemiainthe AS-
SENT-3trial. Adapted from Ref. No. 18 with permission.

treatment groups. The abciximab-based combination regi-
men demonstrated significantly lower rates of in-hospital re-
infarction (p = 0.0009) and a decreased need for urgent PCI
(p<0.0001) and intra-aortic balloon pump (p = 0.01) com-
pared with the TNK -heparin combination.

The patient subgroup analysis of the primary efficacy and
efficacy-plus-safety endpoints found that patients aged > 75
yearsor who had diabetesdid not benefit from the abciximab-
based regimen. Furthermore, major bleeding complicationsin
elderly patients and those with diabetes who received abcix-
imab were substantialy higher thanin thosewho received the
TNK-heparin combination. Thus, athough thistrial was not
powered to assess this endpoint in subgroups, older patients
with MI or thosewith digbetes may require special considera
tionswhen this potent reperfusion strategy isplanned.

Global Useof Strategiesto Open Occluded Coronary
Arteries(GUSTO-V)

TheGUSTO-V trid wasthefirst large-scale, phaselll trial
designed to evd uate the use of the combination of GPI11b/111a
receptor inhibition and reduced-dose fibrinolytic therapy in
patients with ST-segment elevation M1 presenting within 6 h
of symptom onset.19 A total of 16,588 patientswere random-
ized toreceiveeither standard-dosereteplase (n=8,260) or ab-
ciximab (0.25 mg/kg bolus, followed by a 12-h infusion of
0.125 pg/kg/min) (n=8,328) plushaf-dosereteplase (5U +5
U). Adjunctive medicationsincluded aspirin and heparin (low-
er dosefor the combination group).

The primary endpoint for this study was 30-day mortality,
with secondary endpointsconsisting of the composite of death
and nonfatal disabling stroke, reinfarction, recurrent ischemia,
urgent revascularization, |CH and non-ICH bleeding compli-
cations, and 1-year mortdlity.

The combination of abciximab and half-dose reteplase had
no significant effect on the rate of al-cause mortality at 30
days compared with reteplase alone (Fig. 3): the rate of all-
cause mortdity in the combination therapy group was 5.6%
compared with 5.9% inthereteplase-alonegroup (p = 0.43).
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Petients treated with the combination of abciximab plus
half-dose reteplase were 34% less likely to experiencerein-
farction than those treated with reteplase alone (2.3 vs. 3.5%
of patients, respectively; p<0.0001) (Tablel). The combina
tion regimen significantly reduced theneed for PCl within6h
of M|l compared with reteplase aone (5.6 vs. 8.6% of pa-
tients, respectively; p<0.0001). Thisbenefit alsowasnoted at
7 daysfor both PCI (25.4 vs. 27.9% of patients, respectively;
p<0.0001) and for coronary bypass surgery (3.0 vs. 3.7% of
patients, respectively; p=0.013). Inaddition, the 7-day or dis-
charge composite endpoint of death, reinfarction, or urgent
PCI was 21% |essin the combination therapy group than the
reteplase-alonegroup (16.2 vs. 20.6% of patients, respective-
ly; p<0.0001). At 30 days, the composite endpoint of death
or nonfatal reinfarction was 16% lessin patientswho received
the combination regimen compared with reteplaseaone (7.4
vs. 8.8% of patients, respectively; p=0.0011).

Both treatment regimens were not associated with an in-
creasein nonfatal, disabling strokeand ICH (TableI1). How-
ever, the use of elther trestment regimen in patientsaged > 75
yearswas associated with anincreasein ICH compared with
patients aged <75 years (p = 0.033). In patients aged >75
years, 2.1% who received the combination regimen and 1.1%
who received reteplase alone experienced ICH (p = 0.069).
Non-ICH bleeding (p<0.0001), transfusion rates (p < 0.0001),
and thrombocytopenia (p < 0.0001) were higher inthe combi-
nation group, but procedure-related bleeding was similar in
both groups (p=0.355).

The authors concluded that although 30-day mortality was
similar between the two treatment groups, the combination
regimen produced significant improvement in a number of
endpoints, including a decreased need for PCI or coronary
artery bypassgraft, lessrecurrent ischemia, and lessreinfarc-
tion. The authors also noted that the results from GUSTO-V
should be cons dered specific to the particular agentsand dos-

TaBLE |  Complicationsof myocardia infarctionfromthe GUSTO-
V trid

% Patients
Abciximab + Full-dose
half-dosereteplase reteplase
(n=8,328) (n=8,260)
Reinfarctionat 7 days 232 35
Urgent PCI
Within6h 5.62 86
At7days 2542 279
CABG
Within6h 01 01
At7days 3.0°P 37
Compositeof desath,
reinfarction, or urgent PCI
At7daysor discharge 16.22 20.6

ap<0.0001 versusfull-dosereteplase.

bp=0.013 versusfull-dosereteplase.

Abbreviations: GUSTO-V = Globa Use of Strategiesto Open Oc-
cluded Coronary Arteries-V, PCl = percutaneous coronary interven-
tion, CABG = coronary artery bypassgraft.

es used because of the pharmacol ogic differences among the
various GP I1b/l1areceptor inhibitors. Furthermore, the re-
sultsfrom this study confirm that combination therapy witha
fibrinolytic plusaplatelet GP b/l 1lareceptor inhibitor in pa-
tientswith acute M| reducesreinfarction and revascularization
rateswithout aconcomitant increase in the incidence of ICH
and nonfatd stroke. Although GUSTO-V found that combina:
tion therapy wasassociated with anincreased rate of non-1CH,
this can be effectively managed. Despite being in ahigh-risk

TaBLE Il Magor bleeding complications and nonfatal, disabling
strokeinthe GUSTO-V trid

% Pdtients

Abciximab + Full-dose

haf-dosereteplase  reteplase

(n=8,328) (n=8,260)

Nonfatd, disabling stroke (%6) 20(0.2) 26(0.3)

ICH

>75years(%) 24(2.1) 12(1.1)

<75years(%) 28(04) 37(0.5)

Severebleeding (%) 20112 42(0.5)

Moderate bleeding (%6) 289(35)2 148(1.8)
Severeor moderate

nonintracrania bleeding (%) 379(4.6)2 190(2.3)

AssociatedwithCABGor PCl (%)  27(0.3) 34(04)

Spontaneous (%) 357(4.3)2 160(1.9)

3p<0.0001vs. full-dosereteplase.
Adapted with permission from The GUSTO-V Investigators.1®
Abbreviationsasin Tablel.
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subgroup, the use of combination therapy intheelderly andin
patientswith diabetesrequiresfurther investigation.

Enoxaparin and TNK-t-PA with or without GPI1b/
[l1alnhibitor asReperfusion Strategy in ST-Elevation
Myocardial Infarction (ENTIRE-TIMI 23)

Thisisan open-labelled study, eval uating patients present-
ing within 6 h of symptom onset who, after receiving aspirin,
were randomized to either full-dose TNK-t-PA with unfrac-
tionated heparin or enoxaparin or to half-dose TNK-t-PA with
abciximab and either reduced-dose unfractionated heparin or
reduced-dose enoxaparin.? The primary endpoint of thetria
wasTIMI grade 3flow at 60 min. Theprimary safety endpoint
wasTIMI mgjor hemorrhageat 30 days. Secondary endpoints
were ST-segment resol ution and ischemic events.

Results indicate that enoxaparin is as effective as unfrac-
tionated heparinfor achieving early reperfusion, and regimens
using enoxaparin and/or abciximab are associated with higher
rates of complete ST-segment resolution. The rate of mgjor
hemorrhage in the full-dose TNK arm that included unfrac-
tionated heparin was 2.4% compared with 1.9% for thearm
that used full-dose TNK and enoxaparin. The major hemor-
rhage rate for the combination therapy arm (half-dose TNK
plus abciximab) with reduced-dose unfractionated heparin
was 5.2% compared with 8.5% for reduced-dose enoxaparin.
No important differences were observed among the enoxa-
parin groups. The pooled rate of mgor hemorrhage for pa-
tientswho received unfractionated heparin was 3.8%; for pa-
tientswho received enoxaparin, theratewas 5.2%.

Phaselll studiesof enoxaparin need to beconducted to pro-
videfurther insight into itsuse with combination regimensin
theacute M| setting.

Integrilin and Tenecteplasein AcuteM yocar dial
Infarction INTEGRITI)

The INTEGRITI study assessed variable low doses of
TNK and variable double-bolus doses of eptifibatide that did
not include alow-molecular-weight heparin arm.2t The pri-
mary endpoint was TIMI grade 3 flow at 60 min, and other
endpointsincluded ST-segment resolution and TIMI myocar-
dia perfusiongrade.

Preliminary results suggest that the combination of eptifi-
batide and reduced-dose TNK isassociated with ahigh degree
of epicardia and myocardia reperfusion.

Discussion

Although the 30-day mortdity ratesachievedin GUSTO-V
were statisticaly similar between the two trestment groups,
they werethelowest ratesever observedinalargeclinicd tri-
a of afibrinolytic agent.22 A number of factors may have
contributed to the low death rate. The patient population of

GUSTO-V may have been at lower risk for post-MI mortality
than other populationsbecause of patient selectionfor entry to
thetrial. Another view contendsthat the lower mortality rates
areareflection of better evidence-based medicine, as shown
by the use of concomitant therapies such as betablockers, an-
giotensin-converting enzymeinhibitors, and $atins. 22

Pertinent aspects of GUSTO-V werethefindingsthat stan-
dard-dose abciximab plus half-dose reteplase decreased the
incidence of recurrent ischemiaand reinfarction aswell asre-
duced the need for urgent revascularization compared with
reteplasedone.l® Similarly, inthe ASSENT-3 tridl, the abcix-
imab arm with half-dose TNK had also significantly lower
rates of in-hospital reinfarction and areduced need for urgent
PCI.18 Although microvascul ar perfusion datafrom GUSTO-
V and ASSENT-3arenct available, theseresultsare cons stent
with findings from TIMI-14, which showed that abciximab
plus half-dose dteplaseimproves epicardia and microvascu-
lar coronary blood flow in patientswith acute M 1.23

Risk of Hemorrhage

Fromthe ASSENT-3and GUSTO-V trids, therewasnoin-
creasein|CH or strokein patientswho received the combina:
tion regimen when compared with controls.18 19 However,
therewas asignificant increasein moderate or severe sponta-
neousnon-1CH bleeding, predominantly from gastrointestinal
Sites. Traditional approachesto managing non-1CH bleeding
and thrombocytopenia associated with combination therapy
can effectively resolve theseissues.

Nevertheless, the successful application of any new treat-
ment option depends not only on its efficacy but also on its
safety when compared with conventional treatment strate-
gies. Thisrisk could be reduced by administering lower hep-
arin doses, or by giving grester attention to vascular access
sites, with earlier removal of sheaths. Using lower doses of
thethrombolytic agent and the GP I 1b/l11areceptor inhibitor,
particularly inthe elderly and in those with low body weight,
may further reducethebleeding risk.

Special Patient Subgroups

Based on datafrom the ASSENT-3 and GUSTO-V tridls,
the combination of aGP I1b/Ilareceptor inhibitor and |ow-
doselytic agent should not beadministered tothose aged > 75
years.18. 19 Patients who have diabetes may also require spe-
cial consideration when this potent therapeutic approach is
planned and further study iswarranted.

Practical Considerations

Taken together, data from the combination therapy trias
provide some gauge by which decisions regarding this tregt-
ment can be madefor patientswith acute M1. One considera-
tion is the timing and aggressiveness of the approach for
achieving reperfusion. Currentimprovementsin mortality and
other sequelae of acute M| are based on administering therapy
anaverageof 2.7t0 3.0 h after theonset of symptoms. 2 There
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isarenewed effort to shorten the “ door-to-needle time” fur-
ther, giventheredization that timeisacritical factor in rescu-
ingjeopardized myocardium and reducing mortality. The pre-
hospital administration of combination therapy could, on
average, save 1 hwith greater potential for benefit.

Conclusion

Combination therapy isavalid optionfor opening occluded
coronary arteriesquickly and more completely. Depiteinitial
fearsthat adding abciximab to thrombolytic therapy wouldin-
crease| CH and stroke, thiswasnot observed inthe GUSTO-V
and ASSENT-3trias. Theincreased rate of non-1CH bleeding
was managed appropriately. Better patient selection and care
of vascular accesssitesmay reducethisrisk further. Achieving
thrombolysis with combination therapy prior to PCI hasthe
potentia to restore blood flow faster and enhance outcomesin
patientswho lack immediate accessto acatheterization |abo-
ratory, since those with TIMI grade 3 flow on arrivd at the
catheterization laboratory and prior to intervention appear to
do better inthelong term. However, until further information
is available, caution should be exercised in using this potent
regimen in the elderly. In addition, the use of low-molecular-
weight heparin remainsan interesting cond deration for which
further dataareawaited.

References

1. Gruppo Itaiano per lo Studio della Streptochinasi nell’ Infarto Miocardico
(GISSl): Effectiveness of intravenous thrombolytic treatment in acute my-
ocardial infarction. Lancet 1986;1:397-402

2. 191S-2(Second International Study of Infarct Survival) Collaborative Group:
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither
among 17,187 cases of suspected acute myocardia infarction: 1SIS-2.
Lancet 1988;2:349-360

3. SimoonsML, SerruysPW, vanden Brand M, ResJ, Verheugt FWA, Krauss
XH, RemmeWJ, Bér F,deZwaan C, vander Laarse A, Vermeer F, Lubsen
J: Early thrombolysisin acute myocardia infarction: Limitation of infarct
sizeandimproved survival. JAmCaoll Cardiol 1986;7:717-728

4. TheGUSTO Angiographic Investigators: Theeffectsof tissue plasminogen
activator, streptokinase, or both on coronary-artery patency, ventricular
function, and survival after acutemyocardial infarction. N Engl JMed 1993;
329:1615-1622

5. RossAM, CoyneKS, MoreyraE, Reiner JS, Greenhouse SW, Walker PL,
SimoonsML, Draoui Y C, Califf RM, Topol EJ, Van deWerf F, Lundergan
CF: Extended mortality benefit of early postinfarction reperfusion. GUSTO-
I Angiographic Investigators. Global Utilization of Streptokinaseand Tissue
Plasminogen Activator for Occluded Coronary Arteries Trid. Circulation
1998;97:1549-1556

6. TheEPIC Investigators: Use of amonoclonal antibody directed against the
platelet glycoprotein IIb/ll1a receptor in high-risk coronary angioplasty.
N Engl J Med 1994;330:956-961

7. KongDF, Cdiff RM, Miller DP, Maliterno DJ, White HD, Harrington RA,
Tcheng JE, Lincoff AM, Hasselblad V, Topol EJ: Clinical outcomesof ther-
gpeutic agentsthat block the platelet glycoprotein b/l laintegrininisch-
emic heart disease. Circulation 1998;98:2829-2835

8. Topol EJ Toward anew frontier in myocardia reperfusiontherapy: Emerg-
ing platelet preeminence. Circulation 1998;97:211-218

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Cannon CP: Overcoming thrombolytic resistance: Rationaleand initia clin-
ical experience combining thrombolytic therapy and glycoprotein b/l 1a
receptor inhibition for acutemyocardia infarction. J AmColl Cardiol 1999;
34:1395-1402

Kleiman NS, Ohman EM, Cdiff RM, GeorgeBS, KereiakesD, AguirreFV,
Weisman H, Schaible T, Topol EJ: Profound inhibition of platelet aggrega-
tion with monoclonal antibody 7E3 Fab after thrombolytic therapy: Results
of the Thrombolysisand Angioplasty inMyocardia Infarction (TAMI) 8 pi-
lot study. JAmColl Cardiol 1993;22:381-389

Ohman EM, Kleiman NS, Gacioch G, Worley SJ, NavettaFI, Taley JD,
Anderson HV, Ellis SG, Cohen MD, Spriggs D, Miller M, Kereiakes D,
Yakubov S, Kitt MM, Sigmon KN, Califf RM, Krucoff MW, Topol EJ:
Combined accel erated tissue-plasminogen activator and platel et glycopro-
teinl1b/Illaintegrin receptor blockadewithintegrilinin acute myocardia in-
farction: Results of a randomized, placebo-controlled, dose-ranging trid.
IMPACT-AMI Investigators. Circulation 1997;95:846-854

The PARADIGM Investigators: Combining thrombolysiswith the platel et
glycoprotein b/l lainhibitor lamifiban: Resultsof the Platel et Aggregation
Receptor Antagonist Dose Investigation and Reperfusion Gainin Myocar-
did Infarction (PARADIGM) trid. JAmColl Cardiol 1998;32:2003-2010
Antman EM, Giugliano RP, Gibson CM, McCabe CH, Coussement P,
Kleiman NS, Vahanian A, Adgey AAJ, Menown |, Rupprecht HJ, Van der
Wieken R, Ducas J, Scherer J, Anderson K, Van de Werf F, Braunwald E:
Abciximab facilitates the rate and extent of thrombolysis: Results of the
ThrombolysisinMyocardial Infarction (TIMI) 14tria. The TIMI 14 Inves-
tigators. Circulation 1999;99:2720-2732

Antman EM, Gibson CM, de Lemos JA, Giugliano RP, McCabe CH,
Coussement P, Menown |, Nienaber CA, Rehders TC, Frey MJ, Van der
Wieken R, Andresen D, Scherer J, Anderson K, Van deWerf F, Braunwald
E: Combination reperfusion therapy with abciximab and reduced dose
reteplase: Resultsfrom TIMI 14. Eur Heart J 2000;21:1944-1953

Ronner E, van Kesteren HAM, Zijnen P, Tebbe U, Molhoek P, Cuffie C,
Vltri E, Lorenz T, NeuhausK, SimoonsML: Combined therapy with strep-
tokinaseandintegrilin (abstr). JAm Coll Cardiol 1998;31(suppl A):191A
Strategies for Patency Enhancement in the Emergency Department
(SPEED) Group: Trial of abciximab with and without |ow-dosereteplasefor
acutemyocardid infarction. Circulation 2000;101:2788-2794

Brener SJ, Zeymer U, Adgey AAJ, Vrobel TR, EllisSG, NeuhausKL, Juran
N, Ivanc TB, Ohman EM, Strony J, Kitt M, Topol EJ, for theINTRO AMI
investigators: Eptifibatide and low-dose tissue plasminogen activator in
acute myocardia infarction: The integrilin and low-dose thrombolysisin
acute myocardial infarction (INTRO AMI) trial. J Am Coll Cardiol 2002;
39:377-386

The Assessment of the Safety and Efficacy of a New Thrombolytic
Regimen (ASSENT)-3 Investigators: Efficacy and safety of tenecteplasein
combination with enoxaparin, abciximab, or unfractionated heparin: The
ASSENT-3 randomised trial in acute myocardia infarction. Lancet 2001;
358:605-613

Topol EJ, TheGUSTOV Investigators: Reperfusion therapy for acute my-
ocardia infarction with fibrinolytic therapy or combination reduced fibri-
nolytic therapy and platelet glycoprotein 1b/l11ainhibition: The GUSTOV
randomisedtria. Lancet 2001;357:1905-1914

Antman EM, Louwerenburg HW, Baars HF, Wesdorp JCL, Hamer B,
Bassand J-P, Bigonzi F, PisapiaG, Gibson CM, Heidbuchel H, Braunwald
E, Van de Werf F, for the ENTIRE-TIMI 23 Investigators: Enoxaparin as
adjunctive antithrombin therapy for ST-elevation myocardial infarction:
Results of the ENTIRE-Thrombolysisin Myocardia Infarction (TIMI) 23
trid. Circulation 2002;105:1642—-1649

Giugliano RP, RoeMT, Zeymer U, Gibson M, Fox NL, Greenberg S, Kitt
MM, Strony JT, Braunwald E, Harrington RA: Restoration of epicardia and
myocardia perfusionin acute ST-elevation myocardial infarctionwith com-
bination eptifibatide + reduced-dosetenecteplase: Dose-finding resultsfrom
theINTEGRITI trid (abstr). Circulation 2001;104(suppl 11):11-538
Verheugt FWA: GUSTO V: The bottom line of fibrinolytic reperfusion
therapy. Lancet 2001,357:1898-1899

de Lemos JA, Antman EM, Gibson CM, McCabe CH, Giugliano RP,
Murphy SA, Coulter SA, Anderson K, Scherer J, Frey MJ, Van Der Wieken
R, VanDeWerf F, Braunwald E: Abciximabimproveshoth epicardial flow
and myocardia reperfusionin ST-elevation myocardia infarction: Observa
tionsfromthe TIMI 14tria. Circulation 2000;101:239-243



