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βblockers are fascinating!!

Robert J. Lefkowitz
Brian K. Kobilka

Sir James Black

1988 Nobel Prize Medicine

Development of propranolol
(and cimetidine)

2012 Nobel Prize Chemistry

βadrenergic receptors (GPCR)







- Early i.v. admin to reduce MI size

- Chronic oral treatment

βblockers in STEMI



Top quality 

basic research:

Discovery.

Systems Biology:

in vivo 

implications.

Large animal:

Pre-human step.

Clinical trials.



Adapted from Roger VL et al. Circulation 2011;123:e18-e209

Mortality 

Heart Failure 

Males

≈25%

<5%

REPERFUSION: Paradigm shift



Surrogate markers: predictors

Infarct size is a strong determinant of 
long-term mortality and chronic heart failure



Therapies to reduce MI size



Several trials in the pre-reperfusion era (inconclusive 

results).
Roberts et al, Hjalmarson et al, Yusuf et al, MILIS,..

ONE single randomized trial in the thrombolytic era.

van de Werf et al J Am Coll Cardiol 1993.

The effect of early i.v. ß-blocker on infarct size (and 

long term LV function is unclear. 

SCARCE DATA IN REPERFUSED PATIENTS.

Betablockers in STEMI



Betablockers in STEMI



COMMIT trial



45% were 

NOT reperfused

Mean symptoms 

onset-Lysis:

10.3±6.3 hr

Heart Failure was 

present in a significant 

% of patients

Data in perspective: 
COMMIT



COMMIT does not represent current

State of the art treatment for STEMI



Circulation 2007;115:2909-16

Metoprolol ↑ Myocardial salvage



METOCARD-CNIC trial



Reduction of scar tisue by 20%, 

Increase in short & long-term LVEF, 

Reduction of Heart Failure readmission

Circulation 2013 & JACC 2014 & Annals Emerg Med 2015 & JACC 2016

Metoprolol ↓ MI size in STEMI



Neutral study (2016)



Timing of metoprolol admin

Window metoprolol administration in METOCARD-CNIC

STEMI diagnosis
Reperfusion

Arterial access



The longer the “on board” metoprolol duration at reperfusion, the higher the 

cardioprotection

Timing of metoprolol admin

Garcia-Ruiz et al J Am Coll Cardiol 2016;67:2093-104



Timing of metoprolol admin

LAD occlusion
Reperfusion (45 min)

Meto i.v.

@ 20 min

Ad hoc animal study to test the hypothesis generated 

in the subanalysis of the clinical trial

Meto i.v.

@ 40 min

Meto i.v.

60 min

Post-reperf

Placebo



Timing of metoprolol admin

Garcia-Ruiz et al J Am Coll Cardiol 2016;67:2093–104
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Window β-blk admin in trials

5mg5mg

In EARLY BAMI 5mg metoprolol did not have any effect on BP or HR



Window β-blk admin in trials

STEMI diagnosis
PCI (reperfusion)

METOCARD-CNIC

(-53 min to PCI)
15mg metoprolol

EARLY BAMI

(-54 & -14 min to PCI)
10mg metoprolol

Lytic therapy

---- reperfusion

COMMIT

(+? min from Urokinase)

TIMI IIB

(+45 min from rtPA)

Van de Werf

(immed before rtPA)
10mg atenolol

STEMI diagnosis



-Metoprolol abrogates the impact of neutrophilia on MVO

Neutrophils and MVO

García-Prieto et al Nature Commun 2017



Metoprolol reduces Microvascular Obstruction in STEMI patients.

EARLY METOPROLOL

García-Prieto et al Nature Commun 2017
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IS reduction. Role of circulating cells

Mechanism of protection

García-Prieto et al Nature Commun 2017



Metoprolol, MI size & neutrophils

Metoprolol does not protect the heart during I/R in the absence of neutrophils

García-Prieto et al Nature Commun 2017



Metoprolol & Neutrophil migration

Metoprolol inhibits migration of neutrophils in a beta1-mediated manner

In vitro

García-Prieto et al Nature Commun 2017



García-Prieto et al Nature Commun 2017

Cellular mechanism

Metoprolol stuns neutrophils to protect the heart







- Early i.v. admin to reduce MI size

- Chronic oral treatment

βblockers in STEMI



Evidence about the benefits of maintenance βblocker

after MI is based on trials:
Without reperfusion in STEMI

Without revasc in NSTEMI

No DAPT

Background

Two trials in reperfusion era:
CAPRICORN

(post-MI + LVEF≤40%)

COMMIT 

(acute phase i.v. bblocker+oral vs. placebo. very short 

follow-up: 30 days)



AMI (45% reperfused by fibrinolysis)

3-21 days post-MI

All on ACEi

Original design underpowered for all cause death (633 

deaths expected, 267 occurred).

Change in primary endpoint to composite: 633 events

Final sample size: 1959 patients

Median follow-up 1.3 years

Background

Lancet 2001; 357: 1385–90



Background

Lancet 2001; 357: 1385–90

CAPRICORN 

TRIAL



STEMI + LVEF ≤40%

Guidelines

IA

STEMI + LVEF >40%

NSTEMI + LVEF ≤40%

NSTEMI + LVEF >40%

IA

IA IA

IIaB IB*

IIaC-

*3 years, thereafter IIaB

Recommendation 

for post-MI 

chronic βblocker

All based on pre-reperfusion trials, 

observational data, and registries 



After CAPRICORN, only observational studies 

(retrospective or registries) in PCI patients 

Mixed results, poor quality

βblocker beneficial βblocker NO benefit

• Goldberger et al JACC 2015

(OBTAIN registry, prospective), all LVEF 

• Andersson et al JACC 2014

(retrospective), all LVEF 

• Bangalore et al JAMA 2012 

(REACH registry, prospective), all LVEF 

• Raposeiras et al REC 2015

(retrospective), LVEF≥50% 

• Choo et al Heart 2014

(retrospective), LVEF≥50% 

• Nakatami et al Am J Cardiol 2013

(retrospective), LVEF>40% 

• Bao et al Cardiovasc Interv Ther

2013 (retrospective), LVEF>40% 

• Yang et al JACC Interv 2014

(retrospective), STEMI LVEF≥40% 

• Puyimirat et al BMJ 2016

(prospective observ), LVEF>40% 

• Dondo et al JACC 2017 (MINAP 

registry, retrospective), LVEF≥35% 



Prospective registry

40% STEMI



Nation wide registry

179000 (50% STEMI), 95% on bblk

Pt not prescribed with bblk were older and sicker



Nation wide registry

Adjusted (propensity)

16000 / 179000 (9% !)



LIMITATIONS TO ALL THESE OBSERVATIONAL STUDIES

Poor quality

• Confounded by indication (>80% of patients receive βblockers and 
those not receiving are older and sicker 

• Problems with propensity scores (unadjusted event rate much 

lower in βblockers, residual confounders, trimmed populations)

JACC 2017;69:2721-24



N=8468

-STEMI/NSTEMI
(≤5000/group)

-LVEF>40%

screening

Hospital

Discharge:

RAND

(IVRS)

β-blocker 

Strategy*

No β-blocker 

strategy

Telephone /

Review charts
- Vital status

- Admission? (report)

- medication

Month 

3 ±1

Month 

15±3
Month 

36±3

PRIMARY 

ENDPOINT

(death / re-MI

/ HF admission)TREatment With Beta-Blockers After MyOcardial

Infarction WithOut Reduced Ejection FracTtion

*Type and dose of βlocker 

at discretion of treating physician
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