


Time is Muscle 



 

Primary PCI is the preferred 
treatment modality for reperfusion 
for patients with STEMI…if timely 
access to a cardiac cath lab with 
PCI capability by an experienced 
operator is available 



 1950 CORONARY ANGIOGRAPHY 

 1960 CABG 

 1960-70s Proliferation of Cath & CABG 

 1970 Swan Ganz catheter introduced 

 1977 First Human PTCA by Andreas Gruentzig 

 1980s-90s  Proliferation of PCI modalities 

 Mid 1990s Bare Metal Stents 

 2003 Drug Eluting Stents 

 

 



*Patients with cardiogenic shock or severe heart failure initially seen at a non–PCI-capable hospital should be transferred for cardiac 

catheterization and revascularization as soon as possible, irrespective of time delay from MI onset (Class I, LOE: B). †Angiography and 

revascularization should not be performed within the first 2 to 3 hours after administration of fibrinolytic therapy. 













Primary PCI in STEMI 

Reperfusion at a PCI-Capable Hospital 



 



Class I  
Evidence/general agreement that procedure or 

treatment is useful and effective 

Class II 
Conflicting evidence/divergence of opinion about 

the usefulness of procedure or treatment 

       a. Weight of evidence/opinion in favor 

       b. Usefulness less well established  

Class III   

Procedure/Rx is not useful/effective and may be 
harmful 

 

 

 



I IIa IIb III 
Primary PCI should be performed in patients with STEMI and 

ischemic symptoms of less than 12 hours’ duration.  

Primary PCI should be performed in patients with STEMI and 

ischemic symptoms of less than 12 hours’ duration who have 

contraindications to fibrinolytic therapy, irrespective of the time 

delay from FMC. 

I IIa IIb III 

Primary PCI should be performed in patients with STEMI and 

cardiogenic shock or acute severe HF, irrespective of time delay 

from MI onset.  

I IIa IIb III 



Primary PCI is reasonable in patients with STEMI if there is clinical 

and/or ECG evidence of ongoing ischemia between 12 and 24 

hours after symptom onset.  

I IIa IIb III 

PCI should not be performed in a noninfarct artery at the time of 

primary PCI in patients with STEMI who are hemodynamically 

stable  

I IIa IIb III 

Harm 



 



 

 

Non-culprit artery PCI 

Aspiration thrombectomy 



Adjunctive Antithrombotic 

Therapy for Primary PCI  

Reperfusion at a PCI-Capable Hospital 



Antiplatelet Therapy to Support 

Primary PCI for STEMI 

Reperfusion at a PCI-Capable Hospital 



Aspirin 162 to 325 mg should be given before primary PCI.  

After PCI, aspirin should be continued indefinitely.  

I IIa IIb III 

I IIa IIb III 



 Antiplatelet effect is mediated via the 
inhibition of enzyme cyclooxygenase that 
prevents synthesis of thromboxane A2 a potent 
stimulator of platelet aggregation 

 The effect is irreversible for the life of the 
platelet 



A loading dose of a P2Y12 receptor inhibitor should be given as 

early as possible or at time of primary PCI to patients with STEMI. 

Options include:  

• Clopidogrel 600 mg; or  

I IIa IIb III 

• Prasugrel 60 mg; or  

• Ticagrelor 180 mg  



 a pro-drug that must be converted to active 
drug in liver and therefore has a longer onset of 
action  

  Genetic polymorphism based poor 
metabolizers may have suboptimal response to 
clopidogrel and less effective platelet inhibition 
that could be associated with an increase risk of 
stent thrombosis 

 

 

 

 



 pro-drug with rapid partial metabolism by 
intestinal and blood esterases and single step 
hepatic metabolism to active drug 

 More rapid and reliable inhibition of platelet 
aggregation (50% at 1 hr up to max of 80% 
inhibition) 

 TRITON-TIMI 38 Trial demonstrated a  
reduction  in  CV death, MI or CVA vs 
clopidogrel 

 Avoid in pts over 75 or with prior TIA/CVA 
due to higher risk of intracranial hemorrhage 

 

 



 Does not require hepatic metabolism to active 
drug therefore has quicker onset of platelet 
inhibition 

 Reversible P2Y12 inhibition with shorter half 
life that requires twice daily dosing  

 Plato Trial …significant decrease in mortality 
in ACS pts treated with ticagrelor vs 
clopidogrel (  

 14% Incidence in peculiar dyspnea  

 Use only with 81mg of ASA, not 325mg 

 



P2Y12 inhibitor therapy should be given for 1 year to patients with 

STEMI who receive a stent (BMS or DES) during primary PCI 

using the following maintenance doses: 

• Clopidogrel 75 mg daily; or  

I IIa IIb III 

• Prasugrel 10 mg daily; or  

• Ticagrelor 90 mg twice a day*  

*The recommended maintenance dose of aspirin to be used with ticagrelor is 81 mg 

daily.  



It is reasonable to use 81 mg of aspirin per day in preference to 

higher maintenance doses after primary PCI.  

I IIa IIb III 





 



It is reasonable to start treatment with an intravenous GP IIb/IIIa 

receptor antagonist at the time of primary PCI (with or without 

stenting or clopidogrel pretreatment) in selected patients with 

STEMI who are receiving UFH.  

• Double-bolus eptifibatide: 180 mcg/kg IV bolus, then 2 

mcg/kg/min; a 2nd 180-mcg/kg bolus is administered 10 min 

after the 1st bolus.  

• Abciximab: 0.25 mg/kg IV bolus, then 0.125 mcg/kg/min 

(maximum 10 mcg/min); or 

• High-bolus-dose tirofiban: 25 mcg/kg IV bolus, then 0.15 

mcg/kg/min; or 

I IIa IIb III 

I IIa IIb III 

I IIa IIb III 



 



 



 



 



 Has short half life and reversibly affects 
platelet aggregation therefore is administered 
as a bolus and infusion 

 Is useful in patients who are vomiting or are 
intubated until oral agent can be reliably given  

 Cangrelor infusion will block uptake of 
clopidogrel (Plavix) and prasugrel (Effient) by 
the platelet, but not ticagrelor (Brilinta).  

  



Anticoagulant Therapy to 

Support Primary PCI 

Reperfusion at a PCI-Capable Hospital 



For patients with STEMI undergoing primary PCI, the following 

supportive anticoagulant regimens are recommended:  

• UFH, with additional boluses administered as needed to 

maintain therapeutic activated clotting time levels, taking into 

account whether a GP IIb/IIIa receptor antagonist has been 

administered; or  

• Bivalirudin with or without prior treatment with UFH. 

I IIa IIb III 

I IIa IIb III 



In patients with STEMI undergoing PCI who are at high risk of 

bleeding, it is reasonable to use bivalirudin monotherapy in 

preference to the combination of UFH and a GP IIb/IIIa receptor 

antagonist.  

Fondaparinux should not be used as the sole anticoagulant to 

support primary PCI because of the risk of catheter thrombosis.  

I IIa IIb III 

I IIa IIb III 

Harm 



 Indirect thrombin inhibitor that will not 
inactivate clot bound thrombin and has 
variable anticoagulation 

 Assess level of anticoagulation with ACT 

 Longer half life 

 Small incidence of heparin induced 
thrombocytopenia 

 Can activate platelets 

 

 

 



 Direct thrombin inhibitor that will inhibit clot 
bound thrombin 

 More predictable anticoagulation  
 Shorter half life  
 Horizon AMI Trial…lower major bleeding risk and 

lower 1 year mortality vs UFH  
 Higher acute stent thrombosis risk particularly in 

STEMI pts  
 HEAT-PPCI Trail…in STEMI pts there was lower 

incidence of MACE with UFH (5.7% vs 8.7%) with 
similar major bleeds (3.1% vs 3.5%) c/t bivalirudin 
(same GP2b3a inh use in both groups) 
 



 



Use of Stents in Primary PCI  

Reperfusion at a PCI-Capable Hospital 



Placement of a stent (BMS or DES) is useful in primary PCI for 

patients with STEMI. 

I IIa IIb III 

BMS* should be used in patients with high bleeding risk, inability 

to comply with 1 year of DAPT, or anticipated invasive or surgical 

procedures in the next year.  

I IIa IIb III 

DES should not be used in primary PCI for patients with STEMI 

who are unable to tolerate or comply with a prolonged course of 

DAPT because of the increased risk of stent thrombosis with 

premature discontinuation of one or both agents. 

I IIa IIb III 

*Balloon angioplasty without stent placement may be used in selected patients.  

Harm 



Brar et al. JACC 2009; 53(18) 



1 10 100 0.1 0.01 

Mortality (RCTs) 
Di Lorenzo et al. 

STRATEGY 

PASSION 

TYPHOON 

BASKET-AMI 

SELECTION 

SESAMI 

Diaz de la Llera et al. 

DEDICATION Stent 

HAAMU-STENT 

MISSION 

HORIZONS-AMI Stent 

MULTISTRATEGY 

Overall 

Favors DES Favors BMS 

Relative Risk  
(95% CI) 

0.89   
(0.70 - 1.14) 

I2 = 0% 

Brar et al. JACC 2009; 53(18) 



1 10 100 0.1 0.01 

Stent Thrombosis (RCTs) 

Di Lorenzo et al. 

STRATEGY 

BASKET-AMI 

PASSION 

TYPHOON 

DEDICATION Stent 

HAAMU-STENT 

MISSION 

SELECTION 

Diaz de la Llera et al. 

HORIZONS-AMI Stent 

MULTISTRATEGY 

Overall 

Favors DES Favors BMS 

Relative Risk (95% 
CI) 

0.97   
(0.73 - 1.28) 

I2 = 0% 

Brar et al. JACC 2009; 53(18) 



1 10 100 0.1 0.01 

Target Vessel Revascularization (RCTs) 
Di Lorenzo et al. 

STRATEGY 

BASKET-AMI 

PASSION 

TYPHOON 

SELECTION 

SESAMI 

Diaz de la Llera et al. 

DEDICATION Stent 

HAAMU-STENT 

MISSION 

HORIZONS-AMI Stent 

MULTISTRATEGY 

Overall 

Favors DES Favors BMS 

Relative Risk (95% 
CI) 

0.44   
(0.35 - 0.55) 

56% 
REDUCTION 

p < 0.001 

I2 = 26% 

Brar et al. JACC 2009; 53(18) 
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HORIZONS-AMI: Two Year Endpoints 

*Kaplan-Meier estimates 

Stone GW et al. J Am CollCardiol. 2010 Nov 2;56(19):1597-604  

Ischemic 

TLR 

HR[95%CI]= 

0.81 [0.56,1.18] 

P=0.27 

HR[95%CI]= 

0.94 [0.67,1.33] 

P=0.74 

HR[95%CI]= 

1.00 [0.66,1.51] 

P=0.99 

HR[95%CI]= 

0.57 [0.44,0.72] 

P<0.001 

TAXUS DES (n=2257) 

EXPRESS BMS (n=749) 



50% of STEMI pts have 
multivessel CAD 

 



1. Culprit artery PCI only with PCI of non-culprit 
vessels for spontaneous ischemia or 
intermediate/high risk non-invasive testing 

 

2. Multi-vessel PCI at time of primary PCI of 
culprit vessel 

 

3. Culprit artery only primary PCI, followed by 
staged PCI of non-culprit lesions.  



 

4 RCTs suggest strategy of of MV PCI at time of 
primary PCI or as planned staged procedure 
may be beneficial and safe in selected STEMI 
patients: 

 

1. PRAMI Trial 

2. CvLPRIT Trial 

3. DANAMI 3 PRIMULTI Trial 

4. PRAGUE 13 Trial 

 



 



 



 



 



 



 



 Observational study data and meta-analyses 
suggest that staged MV PCI of non-culprit 
vessels may be associated with better outcomes 
than primary MV PCI 

 The is insufficient data to inform a 
recommendation for optimal timing at this 
time 

 Results of the large Multicenter COMPLETE 
TRIAL are anticipated in 2018 or 2019 



Aspiration Thrombectomy  

Reperfusion at a PCI-Capable Hospital 



Manual aspiration thrombectomy is 

reasonable for patients undergoing 

primary PCI.  

I IIa IIb III 



 

 

Non-culprit artery PCI 

Aspiration thrombectomy 



 Adjunctive devices have been developed in an 
attempt to improve clinical outcomes by 
removing thrombi and to protect against distal 
embolization during PCI. 

 Classes of devices include: 

 Manual end hole aspiration thrombectomy devices 

 Mechanical thrombectomy devices (Angiojet) 

 Embolic protection devices  



Catheter Aspiration Thrombectomy 

Mechanical Thrombectomy 



 Filter is advanced over a guidewire distal to the 
thrombus 

  

 
 

 Angioplasty or stenting procedures take place 

 

 
 

 Thrombotic debris is aspirated or trapped by the 
filter and removed 



demonstrated improved blush grade, ST 
segment resolution and better mortality at 30 days and 
better cardiac mortality and non-fatal MI at 1 yr (

but was a single center trial  

(ESC 2014)…no difference in 30 day or 1 year 
mortality with thrombus aspiration, but event rate was 
lower than expected and may be underpowered to 
demonstrate mortality benefit 

 TOTAL Trial…no difference in 180 day CV death, MI, CHF, 
shock and a small, but significant increased risk of stroke in 
thrombectomy group 

 Meta-analyses of 17 trials…no significant reduction in major 
cardiac endpoints and NS increase in stroke in 
thrombectomy group.  

 

 





 















 Large thrombus burden 

 No reflow situations after 
primary PCI due to embolic 
debris (higher risk in lesions 
with large thrombotic burden) 



 Routine use is not recommended 

 May be useful in large vessels 
with large thrombus burden 
where there is concern for distal 
debris 



1. Achieving D2B times 

2. Stroke 

3. PCI success 

4. Mortality 



1. Achieving D2B times 

2. Stroke 

3. PCI success 

4. Mortality 



 



 



 



 



 



 



 Mortality is extremely high even with 
successful PCI 

 Warrants emergent echo, if feasible, to assess 
for mechanical complications and exclude LV 
mural thrombus if intraventricular support is 
anticipated 

 Circulatory support can be beneficial in 
stabilizing hemodynamics 

 Emphasis shifts from D2B (door to balloon) to 
D2S (door to support), then PCI. 

 



 



1. LV dysfunction d/t myocardial necrosis and 
stunning 

2. Rhythm disturbances including bradycardia, 
complete heart block, VT 

3. Hypovolemia, anemia, bleeding 

4. Vagal reactions 

5. Mechanical complications: 

      a. myocardial free wall rupture with tamponade 

      b. Acute VSD (septal rupture into RV) 

      c. Acute MR d/t papillary muscle dysfunction or 
rupture. 



 



 



 



 



 





 



 



 



 



Reperfusion at a Non–PCI-

Capable Hospital  

Guideline for STEMI 



Fibrinolytic Therapy  When 

There Is an Anticipated Delay 

to Performing Primary PCI 

Within 120 Minutes of FMC  

Reperfusion at a Non–PCI-Capable 
Hospital  



In the absence of contraindications, fibrinolytic therapy should be 

given to patients with STEMI and onset of ischemic symptoms 

within the previous 12 hours when it is anticipated that primary 

PCI cannot be performed within 120 minutes of FMC.  

In the absence of contraindications and when PCI is not 

available, fibrinolytic therapy is reasonable for patients with 

STEMI if there is clinical and/or ECG evidence of ongoing 

ischemia within 12 to 24 hours of symptom onset and a large 

area of myocardium at risk or hemodynamic instability. 

Fibrinolytic therapy should not be administered to patients with 

ST depression except when a true posterior (inferobasal) MI is 

suspected or when associated with ST elevation in lead aVR.  

I IIa IIb III 

I IIa IIb III 

I IIa IIb III 

Harm 





 

 Alteplase (tPA): Given as infusion 

 Reteplase (Retavase): Given as 
double bolus 

 Tenecteplase (TNK): Given as a 
weight adjusted bolus (preferred 
agent) 

 



 Efficacy/benefit falls quickly after onset of 
symptoms 

 Best w/i 70 min of symptom onset 

 Good efficacy up to 4 hours 

 Waning benefit after 4 hours 

 Limited, but potential benefit after 7 hours 

 After 12 hours only for hemodynamic 
instability or ongoing ischemic symptoms w/o 
option for PCI 

 



Transfer of Patients With 

STEMI to a PCI-Capable 

Hospital for Coronary 

Angiography After Fibrinolytic 

Therapy 

Reperfusion at a Non–PCI-Capable 
Hospital 



Immediate transfer to a PCI-capable hospital for coronary 

angiography is recommended for suitable patients with STEMI 

who develop cardiogenic shock or acute severe HF, irrespective 

of the time delay from MI onset.  

Urgent transfer to a PCI-capable hospital for coronary 

angiography is reasonable for patients with STEMI who 

demonstrate evidence of failed reperfusion or reocclusion after 

fibrinolytic therapy. 

I IIa IIb III 

I IIa IIb III 



Transfer to a PCI-capable hospital for coronary angiography is 

reasonable for patients with STEMI who have received fibrinolytic 

therapy even when hemodynamically stable* and with clinical 

evidence of successful reperfusion. Angiography can be performed 

as soon as logistically feasible at the receiving hospital, and ideally 

within 24 hours, but should not be performed within the first 2 to 3 

hours after administration of fibrinolytic therapy.  

I IIa IIb III 

*Although individual circumstances will vary, clinical stability is defined by the absence of low output, 

hypotension, persistent tachycardia, apparent shock, high-grade ventricular or symptomatic 

supraventricular tachyarrhythmias, and spontaneous recurrent ischemia.  



 Longer D2B times are associated with worse 
outcomes 

 Cath Registry data suggests that improvement 
in D2B times have not led to significant 
improvement in STEMI survival rates 

 Mean D2B decreased from  min (2005-6) to 
 min (2008-9) 

 Unadjusted mortality 

 Risk adjusted mortality 



 Time delay from symptom onset to reperfusion 
appears to impact benefit of shorter D2B times 

 Early presenters (< 3hrs from sx onset) benefit 
from D2B < 2hrs vs > 2 hours (

 Late presenters (> 3rs from onset) did not 
demonstrate significant decrease in 7 year 
mortality from D2B <2hrs vs >2 hrs (

 



 High risk pts with 
 benefit more 

from shorter D2B time with lower 7 year 
mortality 

 Longer D2B time may be also a marker for 
sicker patients with inherently higher mortality 
risk, due to the fact that they require more 
precath care for stabilization 



 Despite the noted D2B time issues trying to 
achieve the quickest D2B time is a laudable and 
potentially beneficial goal for most STEMI patients 
particularly for pts who present early < 3hrs from 
symptom onset and for sicker patients (CHF, 
Anterior MI). 

 We may have reached the limits of improving D2B 
time any more than a few minutes at PCI centers  

 More benefit may be achieved by improving DIDO 
time at referral hospitals, transfer time and 
symptom onset to first medical contact time  

 

 



 Cardiogenic shock likely warrants urgent echo 
and paradigm shift from Door  2 Balloon to 
Door 2 Support, then PCI. 



Questions? 


