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Today’s Overview

• The problem of chest pain in the ED

• The use of troponin for the diagnosis and risk 
assignment

• The importance of other markers

• Universal definition of MI
• Biomarker elevation after PCI

• The use of CT to stratify patients in the ED



Emergency Department Visits-US
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The Problem
Patients with MI Inadvertently Discharged from ED

• 7%   Pozen MW, N Engl J Med, 1984

• 4%   Lee TH, Am J Cardiol, 1987

• 2%   McCarthy BD, Ann Emerg Med,1993



The most Recent data
Missed ACS in the ED

• 10,689 pts in ED 

• 10 US hospitals in 1993
• Chest , left arm, jaw, or epigastric pain; SOB, 

dizzy, palpitations, or syncope 
• All returned in 24-72 hrs for ECG and CK-MB

Pope JH, N Engl J Med, 2000



RESULTS- Missed ACS in the ED

• 1,855 with ACS
– 889(8%) of all patients had AMI
– 966 (9%) of all patients had unstable angina

• Missed Diagnosis and sent home
AMI 19 (2.1%)  
Unstable Angina 22 (2.3%)   

Pope JH, N Engl J Med, 2000

• SOB
• Female < 55
• Non-white
• Normal/ non-DX ECG

ODDS RATI0

• 2.7     p=0.02
• 6.7     p=0.02
• 2.2     p=0.03
• 3.3     p<0.001

Factors Associated with a Miss



Other Features of Patients “missed”

• ECG misinterpretation occurs in 25-40% of 
missed MI patients

• Younger patients and the elderly
• Atypical features

– Shortness of breath
– Abdominal pain or discomfort
– Syncope



Elderly patients with MI have a higher
incidence of atypical symptoms

• Less than 50% > 80 year olds have chest pain

• In patients > 85 years old, dyspnea is the most 
common symptom.

• More likely to have non-diagnostic ECG.
• More likely to present with altered mental status 

or syncope.



MISSED ACS in the ED
The Consequences

� 8 million/year evaluated for possible ACS
� ~ 20% have ACS
� ~ 2% are missed in the ED
� 32,000 missed ACS/year in USA

� McCarthy - 25% died or had serious complications within 24 hours.

� Lee - Mortality 26%

� In the Pope study, mortality 1.7 times higher in the “missed” patients

Blomkalns, Cardiology Clinics, 2005
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Chest Pain Unit Evaluation Registry 
(CHEPER) Study

• 8 Centers with Chest Pain Units
• 23,407 patients with possible ACS were 

evaluated
– 33% went home from the ED
– 41% were admitted in-patient service
– 26% admitted to Chest Pain Unit

• 2,229 (9.5%) of all patients had AMI
• 153 of  the AMIs were identified in the unit
• Missed AMI rate 0.4%
• Cost Savings $124/patient

Graff LG, Am J Cardiol, 1997
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Initial Diagnosis Dependant on Markers

• Determination of necrosis has changed in 
the troponin era

• In 2005 an estimated 13 million patients 
had markers of myocardial necrosis (cTn)  
measured in Emergency Departments in 
just the US alone

• Why do we use troponin versus other 
markers?



Cardiac Troponin I (cTnI)

• 3 isoforms: 2 skeletal muscle, 1 cardiac

• cTnI bound to contractile apparatus
• 8% in cytosol

• Half-life ~ 2 hours
• Multiple assays exist with different reference 

values-what is normal in one lab may not be in 
another

Due to international patent law there is only one cTnT 
Cardiac Troponin t



Appearance time of Cardiac Markers
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“The Good News ”: Troponin

• More sensitive than CK-MB in ACS
• More specific than CK-MB: e.g. chronic 

renal insufficiency pts
• Elevated longer than CK-MB
• Superior in the setting of trauma/ surgery
• Superior to CK-MB for risk stratification



Odds ratios for Trials and Cohort 
Studies –troponin I and Risk of Death

J Am Coll Cardiol, 2001; 38:478-485 

Heidenreich P et al: JACC 2001; 38:478-485 



Waxman, D. A. et al. JACC 2006;48:1755-1762

In-hospital mortality compared to Troponin I Presen ce in the 
Emergency Department



Selects High-Risk Patients more likely to benefit from a treatment

The  response to Gp 2b3a Rx in ACS
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“The Bad News”: Reflects necrosis but not Mechanism
Other Conditions associated with Troponin elevation

1. Sepsis
2. Myocarditis/ Pericarditis
3. Congestive Heart Failure
4. Pulmonary Embolism
5. Drug Toxicity: Doxorubicin, Colchicine
6. Arrhythmias: Ventricular and Supraventricular 

tachycardias
7. Severe Hypotension
8. Hypoxemia
9. Cardiac biopsy and following catheter ablation



DALLAS HEART STUDY of non-cardiac 
Troponin Elevation

• 3,557 asymptomatic ambulatory patients had 
cTnT measured

• Prevalence + cTnT: 0.7%

• Multivariable regression analysis used to 
determine the independent predictors of + cTnT





Adverse Events in Pulmonary Embolism
Troponin elevation associated with Adverse Outcome
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Adverse Events in Intensive Care Patients 
without Evidence of ACS
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Additional Markers with Predictive Ability

• In patients with ACS

– B-type natriuretic peptide (BNP)

– C-reactive protein (CRP) 

– others

each able to predict adverse events 

Sabatine M. et al., Circulation 2002; 105:1760-63.



BNP as a Predictor of Outcome in ACS 

• 2,525 patients from the Thrombolysis in 
Myocardial Infarction OPUS (TIMI-16) Trial in 
ACS

• Baseline BNP Test was correlated to risk at 30 
days and 10 months
– Death
– Heart Failure
– M.I.

Braunwald, N Engl J Med, Vol 345, No. 14, 2001



Time (days)
0 50 100 150 200 250 300

0
2

4
6

8
10

Mortality(%)
Quartile 4

Quartile 2

Quartile 3

Quartile 1

Braunwald, N Engl J Med, Vol 345, No. 14, 2001

Survival in ACS by quartile of BNP



Relative 30-Day Mortality Risk Stratified by the Nu mber of 
Elevated Cardiac Biomarkers - OPUS-TIMI 16 Trial
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Risk Stratification in NSTEMI: Added Value of Quant itative ST-Segment 
Depression and Multiple Biomarkers

GUSTO IV n=7800

Westerhout C et al; JACC 2006; 48:939-947 
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Troponin-T and N-Terminal Pro-BNP Predict Mortality  Benefit From 
Coronary Revascularization in ACS—GUSTO IV

James S et al; JACC 2006; 48:1146-1154 

Revascularization

No Revascularization



Other Biomarkers being Evaluated

• sCD40 ligand- a signaling protein that reflects both 
inflammatory and platelet interactions with plaque

• Myeloperoxidase-a product of WBC degranulation seen 
in STEMI

• Ischemia modified albumin- the amino terminal binding 
site is modified by ischemia

• Pregnancy associated plasma protein A-released with 
neovascularization; portents plaque rupture

• Choline-released when phospholipids are cleaved
• Cystatin C-influenced by renal function and inflammation
• Fatty acid binding protein-released rapidly after MI but 

non-specific
• Monocyte chemoattractant protein-1



de Lemos, J. A. et al. JACC 2007;50:2117-2124

Baseline Levels of MCP-1 and Mortality
4200 pts during follow-up A to Z Trial



de Lemos, J. A. et al. JACC 2007;50:2117-2124

Multiple Biomarkers and Subsequent Risk of 
Mortality-BNP, CRP and MCP-1

Baseline

At 4 months
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Biomarker elevation post PCI

• Review the “universal” definition

• The known and unknowns about 
biomarker elevations post procedures



• A rise  and fall of cardiac markers ( preferably troponin) with 
at least one of the following:

• Ischemic symptoms 
• Development of pathologic Q waves
• New ST elevation/depression or LBBB
• New abnormality on cardiac imaging

• Sudden Cardiac Arrest  a/w ECG changes but no markers, 
evidence of fresh thrombus at angiography or new AMI at 
autopsy.

• PCI: if normal markers at BL an increase > 3 x 99th percentile

• CABG: if normal BL values, an increase > 5 x 99th percentile 
and with new Q waves or LBBB, angiographic evidence, or 
imaging evidence

• MI at autopsy



Troponin elevations Post PCI

• Present in 15-30% of patients

• Can be associated with abnormal MRI scans
– Typically large areas when distal to embolization
– Smaller areas when due to side branch occlusion

• There is currently no consensus regarding the 
importance of 3X elevation of troponin on subsequent 
outcome



Short-axis images in a patient before left anterior descending 
coronary artery PCI 

Selvanayagam J: Circulation. 2005;111:1027-1032 

Before After



Midventricular short-axis image (A) in a patient before PCI of  the LAD and left 
CX artery and (C) after PCI

Selvanayagam J: Circulation. 2005;111:1027-1032 

Before

After



Correlation of 24-hour post-PCI troponin I value vs mass of new myocardial 
hyperenhancement (HE)--Early (A-24hrs) and Late (B-7-8 mo) after PCI

Selvanayagam J: Circulation. 2005;111:1027-1032 

Early 
24 hours

Late
7-8 months after



Outcome of Patients with Troponin Elevations Post 
PCI in ACS-Clinical Outcomes

SYMPHONY Trial n=481

Cantor W et al; JACC 2002;39:1738Predictive--YES



Isolated Troponin Elevations Post PCI 
189 (17%) of 1128 developed an elevation of troponin

Natarajan M et al; Am J Cardiol 2004;93:750Predictive--No



Prasad, A. et al. JACC 2006;48:1765-1770

Survival post PCI for those with and without TnT



Randomized Trial of CTA for Acute Chest 
Pain in the ED

Goldstein et al; JACC 2007;49:863-71



Randomized Trial: 64-STAT

• Randomized controlled trial in 200 patients with ac ute chest 
pain and low risk (TIMI 3 or less)

• No EKG or cardiac marker evidence of ischemia/infar ction 
at baseline and 4 hr.

• Immediate CTA versus standard evaluation including 
nuclear stress scan

• Patients were managed including triage to home by C TA.

Goldstein et al; JACC 2007;49:863-71



CTA for Screening:  Results

• CTA - Immediate discharge: 67/99 (67%) patients 
were normal and immediately discharged.

• CTA – Immediate cath: 8/99 (8%) patients had 
severe CTA lesions and were referred directly for 
cath. 

• Thus, 75% of patients in the CTA group had 
immediate disposition based on the test.

• 25% required cross-over to SPECT testing
• 11% had unreadable scans in at least one segment
• 14% had intermediate grade lesions. 

We need additional studies to determine the real va lue of CTA in the ED setting
Goldstein J et. al:JACC 2007;49:863-71



CONCERNS and Unknowns

• CTA: radiation dose, cumulative cancer risk
– Possibly reduced by prospective gated studies

• 24% had CTA and nuclear test

• Limitations: 
– single center study
– Is it of greater value and if so-in which patient group

• Need a large multi-center randomized study (s)
– Possible ACS pts CTA vs. clinical decision making
– Patients with known CAD and new symptoms



Summary

Troponin has replaced Ck-Mb as the preferred marker  to detect 
ACS in the emergency department

adds prognostic information
can detect necrosis in other non-coronary condition s
new assays rise as quickly as myoglobin

BNP , CRP and other novel markers may further strat ify both the 
risk and identify those most likely to benefit from  therapy

The best level to discriminate risk with troponin e levation post PCI 
is currently unclear

The role of coronary CT for chest pain screening in  both the ED
and for patients with known CAD is unclear 


