
C t t d iC t t d iContemporary trends in 
myocardial infarction: incidence 

Contemporary trends in 
myocardial infarction: incidence yoca d a a ct o c de ce

and outcomes
yoca d a a ct o c de ce

and outcomes
Vé i L R MD MPHVé i L R MD MPHVéronique L Roger, MD, MPH

Professor of Medicine and Epidemiology, Mayo Clinic 
College of Medicine

Véronique L Roger, MD, MPH
Professor of Medicine and Epidemiology, Mayo Clinic 

College of MedicineCollege of Medicine
Great Innovations in Cardiology. 6th Joint Meeting with 

Mayo Clinic Torino 2010

College of Medicine
Great Innovations in Cardiology. 6th Joint Meeting with 

Mayo Clinic Torino 2010Mayo Clinic Torino 2010Mayo Clinic Torino 2010



Disclos resDisclos resDisclosuresDisclosures

RO1 HL 59205 
RO1 HL 72435 
RO1 HL 59205 
RO1 HL 72435 
K24  HL 68765
R01 AR 30582
K24  HL 68765
R01 AR 30582R01 AR 30582 

American Heart Association
Established Investigator award

R01 AR 30582 
American Heart Association

Established Investigator awardEstablished Investigator awardEstablished Investigator award



ObjectivesObjectivesObjectivesObjectives

•Why and how to measure MI 
trends?

•Why and how to measure MI 
trends?trends?

•MI trends: then and now
trends?

•MI trends: then and now•MI trends: then and now
Wh t d thi ?

•MI trends: then and now
Wh t d thi ?•What does this mean?•What does this mean?

@roger.veronique@mayo.edu





Why measure MI trends?Why measure MI trends?yy

Science: measurement of trends and 
determinants generates mechanistic 
Science: measurement of trends and 
determinants generates mechanistic 
hypotheseshypotheses

Clinical practice: Effectiveness and 
quality of care, detecting disparities
Clinical practice: Effectiveness and 
quality of care, detecting disparitiesq y , g p

Public health: design interventions, 

q y , g p

Public health: design interventions, g ,
plan for resources, delineate policies

g ,
plan for resources, delineate policies



Trends in MI and ACSTrends in MI and ACS
ConceptsConcepts

IncidenceIncidence FatalitiesFatalities

Primary preventionPrimary prevention Medical careMedical carePrimary prevention Primary prevention Medical careMedical care
Reperfusion RxReperfusion Rx

Better preventionBetter preventionBetter preventionBetter prevention
Better careBetter care



How to measure MI trendsHow to measure MI trendsHow to measure MI trendsHow to measure MI trends

•National statistics and surveys•National statistics and surveys

•Administrative databases•Administrative databasesAdministrative databases

C it ill

Administrative databases

C it ill•Community surveillance•Community surveillance



National Statistics and SurveysNational Statistics and SurveysNational Statistics and SurveysNational Statistics and Surveys

•Mortality and morbidity reports
•Hospital discharge data
•Mortality and morbidity reports
•Hospital discharge dataHospital discharge data
•Procedural registries (surgery)

E A i

Hospital discharge data
•Procedural registries (surgery)

E A i•EuroAspire
•National Health and Nutrition 
•EuroAspire
•National Health and Nutrition 

Examination Survey Examination Survey 

Not validated, captures episodes not persons
Useful to ask questionsUseful to ask questions



Disease surveillanceDisease surveillance

Systematic approach to measure validated MI 
mortality, MI incidence, and post-MI survival to 

provide insight into the determinants of the trends

Systematic approach to measure validated MI 
mortality, MI incidence, and post-MI survival to 
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• Defined population

• Rigorous
• Defined population

• Rigorous• Rigorous event definition
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• Rigorous event definition
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CVD surveillanceCVD surveillance
“A strategic goal of the AHA is to reduce heart “A strategic goal of the AHA is to reduce heart 
disease, stroke, and the risk for both bydisease, stroke, and the risk for both bydisease, stroke, and the risk for both by disease, stroke, and the risk for both by 
25%,… However, the current health tracking 25%,… However, the current health tracking 
systems (surveillance) in the United States systems (surveillance) in the United States 
cannot track progress toward these goals in acannot track progress toward these goals in acannot track progress toward these goals in a cannot track progress toward these goals in a 
comprehensive and systematiccomprehensive and systematic manner”manner”

Circulation, 2007 115:127Circulation, 2007 115:127--5555



Community surveillanceCommunity surveillanceyy
In defined populationsIn defined populationsIn defined populationsIn defined populations

• Rigorous event definition

• Constant
• Rigorous event definition

• Constant• Constant criteria across time, place, person• Constant criteria across time, place, person

ARIC, Minnesota Heart Survey, ARIC, Minnesota Heart Survey, Olmsted County StudyOlmsted County Study
Worcester Heart Attack Study some insurance plansWorcester Heart Attack Study some insurance plansWorcester Heart Attack Study, some insurance plansWorcester Heart Attack Study, some insurance plans

MONICAMONICA



Olmsted CountyOlmsted CountyOlmsted County
2,000 pop=124,470
Olmsted County
2,000 pop=124,470

Home of Mayo Clinic Rochester and Olmsted Medical CenterHome of Mayo Clinic Rochester and Olmsted Medical Center

CP1176446-5

yy
Geographically isolated from other providers of medical careGeographically isolated from other providers of medical care
Linkage of all medical, surgical and tissue diagnosesLinkage of all medical, surgical and tissue diagnoses
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MI Incidence
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MI Incidence
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MI incidenceMI incidenceMI incidence 
Olmsted County-1998 vs 79

MI incidence 
Olmsted County-1998 vs 79

M W31% decline Men Women31% decline

40 years old 0.69 (0.48-0.97)* 0.92 (0.68-1.54) 

60 years old 0.83 (0.67-1.02) 1.24 (0.96-1.60) 

80 years old 1.00 (0.78-1.28) 1.49 (1.16-1.92)*

 Annals of Int Med, 2002Annals of Int Med, 2002 51% increase



The New York The New York 
TimesTimes

May 2003May 2003

CP1099138-11



or rather “theor rather “the…or rather “the 
stereotypical heart

…or rather “the 
stereotypical heartstereotypical heart 
attack patient is no
stereotypical heart 
attack patient is noattack patient is no 
longer a white
attack patient is no 
longer a whitelonger a white
man ”
longer a white
man ”man…man…



Incidence of Myocardial InfarctionIncidence of Myocardial Infarction
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Q wave and non-Q wave MIQ wave and non-Q wave MI
MI IncidenceMI Incidence
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In the 1980’s and 90’s shift ofIn the 1980’s and 90’s shift ofIn the 1980 s and 90 s shift of 
the burden of MI towards…

In the 1980 s and 90 s shift of 
the burden of MI towards…

•Elderly•ElderlyElderly
•Women
Elderly

•Women•Women
•Non Caucasians
•Women
•Non Caucasians•Non Caucasians
•“N Q ” MI
•Non Caucasians
•“N Q ” MI•“Non Q wave” MIs•“Non Q wave” MIs

What abo t no ?What abo t no ?What about now?What about now?



Elliott Antman, Jean-Pierre Bassand, Werner Klein, Magnus Ohman,
Jose Luis Lopez Sendon, Lars Rydén, Maarten Simoons and Michal Tendera



ESC/ACC consensus documentESC/ACC consensus documentESC/ACC consensus documentESC/ACC consensus document

All elevated (trop)values are associated with a worsened
PROGNOSIS. It should be emphasized that there is a continuous 
relation between minimal myocardial damage, characterized by 
elevation of troponin without elevation of other bio-markersp
(e.g., CK-MB) and large infarcts.”

“Thus, any amount of myocardial necrosis 
caused by ischemia should be labeled as MI ”caused by ischemia should be labeled as MI.



Definitions of acute MIDefinitions of acute MIDefinitions of acute MIDefinitions of acute MI

WHO
• At least 2 of the following
WHO
• At least 2 of the following

ACC/ESC 2000
• 1. Typical rise and fall of bio-marker 

ith t l t

ACC/ESC 2000
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markers
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• ischemic symptoms 
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waves on the ECG• ischemic symptoms
• Serial changes on 

ECG

• ischemic symptoms
• Serial changes on 

ECG

waves on the ECG 
• ECG changes indicative of 

ischemia (ST segment 
elevation or depression)

waves on the ECG 
• ECG changes indicative of 

ischemia (ST segment 
elevation or depression)ECGECG elevation or depression) 

• coronary artery intervention 
(e.g., angioplasty)

• 2 Pathologic findings of acute MI

elevation or depression) 
• coronary artery intervention 

(e.g., angioplasty)
• 2 Pathologic findings of acute MI2. Pathologic findings of acute MI

Preferred biomarker
troponin more sensitive and

2. Pathologic findings of acute MI

Preferred biomarker
troponin more sensitive andtroponin, more sensitive and 

less specific
troponin, more sensitive and 

less specific



H Tunstall-Pedoe 2001H Tunstall-Pedoe, 2001



“Small degrees of biomarker elevations undoubtedly reflect 
myocardial necrosis but whether it has any impact on survival
after otherwise uncomplicated procedures”….. 
remains to be demonstrated.
Circulation 2001Circulation 2001



Challenges of the new definitionChallenges of the new definitionChallenges of the new definitionChallenges of the new definition

•Interventional cardiology outcomes•Interventional cardiology outcomes•Interventional cardiology outcomes 
•Rehabilitation
•Interventional cardiology outcomes 
•RehabilitationRehabilitation
•Employment
Rehabilitation

•Employmentp y
•Insurance

p y
•Insurance
•Health care costs•Health care costs
•Labeling and public misunderstanding•Labeling and public misunderstanding



Elevations of Troponin - False Positives, the Real Truth
Jaffe, AS, Cardiovascular Toxicology 2001

Elevations of Troponin - False Positives, the Real Truth
Jaffe, AS, Cardiovascular Toxicology 2001Jaffe, AS, Cardiovascular Toxicology 2001Jaffe, AS, Cardiovascular Toxicology 2001

• Trauma (contusion, ablation, pacing, ICD firings, DCCV, endomyocardial  bx, cardiac 
surgery)

• Trauma (contusion, ablation, pacing, ICD firings, DCCV, endomyocardial  bx, cardiac 
surgery)g y)

 Heart failure
 Hypertension or Hypotension, often with arrhythmias
 Postoperative noncardiac surgery patients who seem to do well

g y)
 Heart failure
 Hypertension or Hypotension, often with arrhythmias
 Postoperative noncardiac surgery patients who seem to do well Postoperative noncardiac surgery patients who seem to do well
 Renal failure
 Sepsis, critically ill patients, esp. with diabetes

 Postoperative noncardiac surgery patients who seem to do well
 Renal failure
 Sepsis, critically ill patients, esp. with diabetes
 Drug toxicity, eg adriamycin, 5 FU, herceptin
 Hypothyroidism and inflammatory diseases eg. myocarditis. Infiltrative diseases including 

amyloidosis, hemachromatosis, sarcoidosis and scleroderma

 Drug toxicity, eg adriamycin, 5 FU, herceptin
 Hypothyroidism and inflammatory diseases eg. myocarditis. Infiltrative diseases including 

amyloidosis, hemachromatosis, sarcoidosis and scleroderma
 Post PCI patients who appear to be uncomplicated
 Pulmonary embolism
 Burns, esp. if TBSA > 30%

 Post PCI patients who appear to be uncomplicated
 Pulmonary embolism
 Burns, esp. if TBSA > 30%
 Acute neurological disease, including CVA
 Rhabdomyolysis with cardiac injury
 Transplant vasculopathy

 Acute neurological disease, including CVA
 Rhabdomyolysis with cardiac injury
 Transplant vasculopathy Transplant vasculopathy
 Vital Exhaustion
 Transplant vasculopathy
 Vital Exhaustion



New definition of MINew definition of MINew definition of MI
ESC/ACC consensus document

New definition of MI
ESC/ACC consensus document

Th h i MI i i “ illTh h i MI i i “ ill•The change in MI criteria “will 
confuse efforts to follow trends

•The change in MI criteria “will 
confuse efforts to follow trendsconfuse efforts to follow trends 
in disease rates and outcomes.”
confuse efforts to follow trends 
in disease rates and outcomes.”

Journal of the American College of Cardiologyg gy
September 2000; Pages 959-969



MI Incidence- The role of biomarkers
F i h

MI Incidence- The role of biomarkers
F i hFraminghamFramingham
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February 2010February 2010February 2010February 2010

What if troponin had never existed?What if troponin had never existed?

Prospecti e comm nit based epidemiolog st dProspective community-based epidemiology study
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Incidence of MIIncidence of MI
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Death at 30 days post MIDeath at 30 days post MI
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Incidence of MI
Kaiser Permanente
Incidence of MI
Kaiser Permanente
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Death at 30 days post MIDeath at 30 days post MIy p
Kaiser Permanente

y p
Kaiser Permanente

•1999: 10.5%•1999: 10.5%
•2008: 7.8%•2008: 7.8%
•Adjusted for age and sex, 
driven by improvement in

•Adjusted for age and sex, 
driven by improvement indriven by improvement in 
survival among NSTEMI, no 
driven by improvement in 
survival among NSTEMI, no g ,
change in STEMI

g ,
change in STEMI
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SummarySummarySummary Summary 
Enormous changes in epidemiology of MI
• Incidence declining partially masked by
Enormous changes in epidemiology of MI
• Incidence declining partially masked byIncidence declining, partially masked by 

introduction of troponin
S f

Incidence declining, partially masked by 
introduction of troponin

S f•Decline in STEMI, amplified but not only 
related to troponin

•Decline in STEMI, amplified but not only 
related to troponin

•Shift in case mix towards NSTEMI
Sh t t t h b tt

•Shift in case mix towards NSTEMI
Sh t t t h b tt•Short term outcomes are much better

Causes: improved primary prevention
•Short term outcomes are much better
Causes: improved primary preventionCauses: improved primary prevention, 

population penetration of various drugs…
Causes: improved primary prevention, 

population penetration of various drugs…



ImplicationsImplicationsImplicationsImplications
Enormous changes = enormous 

implications
Enormous changes = enormous 

implicationsimplications
•We are still processing the data

implications
•We are still processing the datap g
•STEMIs are declining: quality of care 

ff t h ld t t NSTEMI

p g
•STEMIs are declining: quality of care 

ff t h ld t t NSTEMIefforts should target NSTEMI
•Care of MI beyond the acute phase
efforts should target NSTEMI

•Care of MI beyond the acute phase•Care of MI beyond the acute phase•Care of MI beyond the acute phase



G i ill !G i ill !Grazie mille!Grazie mille!


