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• 1988: I am an internal medicine intern at 
Henry Ford Hospital living in Dearborn

• A women in the neighborhood knocks 
on my door and tells me her husband 
has been having epigastric burning 

• …



J Thromb Thrombolysis (2009) 27:18-23



Outpatient ACS

• Single Center HAP insurance pts 2004

• 331 patients had MI by ICD codes

• 190 (57%) were seen within 30 days prior by 
outpatient doctor

• 68 (36%) had outpatient notes available

J Thromb Thrombolysis (2009) 27:18-23



Outpatient ACS

• 68 patients: 

– 76% saw a primary care physician

– 11% saw a cardiologist

– 13% saw another IM specialist

J Thromb Thrombolysis (2009) 27:18-23



Outpatient ACS

• 2 Cardiologists reviewed the outpatient 
encounters and classified them as: ACS, 
stable angina, or neither

• 7 (10%) pts  ACS

• 5 (7%) pts stable angina

• 56 (83%) neither

• Of 7 with ACS: 5 correctly identified, 2 not 
identified

J Thromb Thrombolysis (2009) 27:18-23



Chest Pain in Outpatient Clinic 

• 3 studies: 2-4% of chest pain visits for 
unstable angina or AMI

Am Fam Physician 2020;102(12):721-727



Malpractice Claims by Specialty

25% of malpractice dollars were for missed Myocardial 

Infarction

PIAA (Physician Insurers Association of America)



Malpractice Claims by Specialty

Missed MI - Diagnostic Misadventure

Emergency Medicine - 19.7 %

PIAA



Malpractice Claims by Specialty

Missed MI - Diagnostic Misadventure

Cardiology - 4.3 %

PIAA



Malpractice Claims by Specialty

Missed MI - Diagnostic Misadventure

IM - 24.7 % FP - 42.8 %

PIAA



Hs-cTn in 2025

• Studies

• Guidelines

• Diagnostic and PROGNOSTIC Power 



Definition of hs-troponin

• Should be applied to assays that can can 
measure cardiac troponin values in at 
least  50 % of a reference population

• The coefficient of variation (CV) at the 
99th percentile (MI threshold) should be 
≤ 10%

J Am Coll Cardiol Feb 2013



JAMA 2011:305 (12):1210-1216



JAMA 2011;305(12):1210-6

Implementation: Sensitive cTnI

• 2,092 consecutive pts evaluated for possible ACS

• Sensitive cTnI: Abbott Architect

• Validation Phase: 1,038 pts

• Implementation Phase: 1,054 



Implementation: Sensitive cTnI

• Pts stratified 3 groups by cTnI (ng/ml) 

– < 0.05 

– 0.05 – 0.2 

– > 0.2 

• Validation: only > 0.2 reported

• Implementation: 0.05 – 0.2 reported



Validation vs Implementation: (0.05-0.2 ng/ml)

Validation

n=90

Implementation

n=80

P - Value

Cardiology

Referral
44% 74% <0.001

Coronary 

Angiography
20% 46% <0.001

Clopidogrel &

ASA
31% 61% <0.001

Statin 58% 80% <0.005



Adverse Events at 30 days

Validation

n=90

Implementation

n=80

P-Value

Death 14(16%) 4(5%) <0.05

MI 18(20%) 5(6%) <0.05

Death or MI 24(27%) 9(11%) <0.05



Rapid Rule-Out AMI Strategies

1. 1-hr delta protocol



0 h/1 h rule-in and rule-out algorithms using high-sensitivity cardiac 
troponins (hs-cTn) assays in patients presenting with suspected non-ST-

elevation myocardial infarction (NSTEMI) to the emergency department. 0 h 
and 1 h refer to the time from first blood test. 

Authors/Task Force Members et al. Eur Heart 
J 2015;eurheartj.ehv320

© The European Society of Cardiology 2015. 



European Society of Cardiology 2020



HFHS RACE-IT Study 

• Rapid Acute Coronary Syndrome Exclusion using the 
Beckman Coulter Access high-sensitivity I Troponin. 

• 32,609 Patients

• Primary Endpoint: Safe Discharge- no 30-day death/AMI

• Secondary: Cost, Length of Stay



RACE-IT

Ann Emerg Med 2024





0/1-hr vs 0/3-hr Protocol



  Baseline SOC   Implementation    RACE-IT Protocol 

 (data collection)  (no data collection)  (data collection) 
 

Cluster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

HFH

FRL

WYH

HMH

HSH

WBH

HAH

HFB

HFC

Study Weeks

RACE-IT: Stepped-Wedge Randomized  



RACE-IT Study

All Standard 

Care

Accelerated 

Protocol

Adjusted Odds 

Ratio (95% CI)

P value

Participants, n 22,345 9,488 12,857

Myocardial infarction/all-

cause death

90 (0.40%) 38 (0.40%) 52 (0.40%) 0.84 (0.43-1.68) 0.630

All-cause death 64 (0.29%) 33 (0.35%) 31 (0.24%) 0.65 (0.29-1.47) 0.298

Type 1 MI 8 (0.04%) 4 (0.04%) 4 (0.03%) 0.67 (0.15-3.01) 0.590

Non-cardiac death 56 (0.25%) 29 (0.31%) 27 (0.21%) 0.53 (0.22-1.27) 0.152

Cardiac death 8 (0.04%) 4 (0.04%) 4(0.03%) 2.66 (0.29-24.87) 0.390

Death or Myocardial infarction within 30 Days



Safe ED Discharge

Ruled-Out 0/1-hr 0/3-hr P-Value

Safe Discharge 74.1% 59.5% <0.05

Safe Discharge= No 30-Day Death/MI



30-Day Cardiac Events: 

0/1-hr Rule-Out Pts

• 1 Type MI

• 0 Cardiac Deaths

• AE Rate 1/10,445 (0.01%)





Hs-cTnT and CTA 

▪ 180 patients 

▪ 256-slice CTA

▪ Hs-cTnT measurements

▪ Coronary calcification, stenosis, non-calcified plaque 
volume, plaque composition ( soft or calcified), 
vascular remodeling



CTA & hs-cTnT



J Am Coll Cardiol November 2021



Recommendations for Biomarkers

JACC 2021



Time Interval to Exclude MI with hs-cTn

JACC 2021



Low Risk Patients Go Home

JACC 2021



Definition of Low Risk

JACC 2021



Implementation hs-cTn in USA

J Am Coll Cardiol 2023;81:207–219



ACC Registry 

• 550 participating hospitals: report hs-cTn use

• 1st  Quarter 2019: 3 %

• 3rd Quarter 2021: 32 %

• No report if using accelerated protocols and reporting 
low values < 99th % (MI threshold). 

J Am Coll Cardiol 2023;81:207–219



Point of Care Troponin

• Some ancient history

• Henry Ford Implementation Trial in Walk-In Clinics



POC: Trop, CK-MB, Myoglobin

Circulation 2001;104:1483-1488

Sampling: 0, 90 mins, 3 hrs, 9 hrs



Point of Care: Trop, CK-MB, Myoglobin



Results: Sensitivity & NPV

• The combination of Myo and cTnI at 0 and 90 
mins had the highest early negative 
predictive value and sensitivity

• Myo/cTnI (0 and 90 mins)   
 Sens- 96.7%     
 NPV- 99.6%

• Median time from sampling to reporting
– Central Lab: 71 mins

– POC: 24 mins

– Implementation Trial Blocked by Central Lab

  



Implementation Trial Walk In Clinics

• HFH has 15 Walk-In clinics

• Trial will involve 2 Walk-In Clinics

• Some Background Data

• Will be checking hs-cTn and D-dimer

• So will exclude MI and Pulmonary Embolism



PATHFAST POC Device



Hs-cTnI-PATHFAST

Luca Koechlin and all, J Am Heart Assoc. 2025;14:e039164. DOI: 10.1161/JAHA.124.039164



*Symptom onset >3h

JOURNAL OF THE AMERICAN HEART ASSOCIATION: Impact of Food and Drug Administration 

Regulations on the Performance of Guideline-Recommended Pathways With an Approved 

Point-of-Care High-Sensitivity Cardiac Troponin I Assay

Objective 1: Reproducibility of a safe 0/1-hour algorithm 

from seminal 2019 Sorenson et al study

50



51 *Symptom onset >3h

JOURNAL OF THE AMERICAN HEART ASSOCIATION: Impact of Food and Drug

 Administration Regulations on the Performance of Guideline-Recommended Pathways

 With an Approved Point-of-Care High-Sensitivity Cardiac Troponin I Assay

Objective 2: Derivation and validation of a 0/2 h algorithm



Walk In Clinic over 3 months: hs-cTnI

• 49 pts sent to the ER

• 27 (55%) hs-cTnI < 4 ng/L

• 34 (67%) discharged from ER

• 8 (16%) Observation Unit

• 5 (10%) admitted

• 2 (4%) has MI went to heart cath



Walk In over 3 months:     D-Dimer

• 31 sent to the ER 

• 20 (65%) has negative D-Dimer

• 20 (65%) discharged from ER

• 12 (39%) had CT scan

• 2 (6%) had PE by CT



Study Endpoints

• Resource Utilization Endpoint

• Outcomes Endpoint: “Missed” MI or PE in the Walk-
In clinic



Summary

1. A significant number of patients with ACS symptoms 
are seen out-patient

2. Hs-cTn may allow many to be risk stratified quickly 
if available

3. The availability of POC  hs-cTn in this setting would 
likely improve resource utilization and may improve 
outcomes



JMCCORD1@HFHS.ORG

Thanks
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