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QUESTIONS
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Question 1
Which of the following cardiac biomarkers have the strongest level of evidence by 
the AHA/ACC for clinical use?

A. Troponin
B. BNP or NT-pro BNP
C. Ck-MB
D. A and B
E. A, B and C

11



Question 1
Which of the following cardiac biomarkers have the strongest level of evidence by 
the AHA/ACC for clinical use?

A. Troponin
B. BNP or NT-pro BNP
C. Ck-MB
D. A and B
E. A, B and C

12



Question 2
For patients found to have an elevated troponin when presenting to the hospital , 
guidelines recommend serial troponin measurement every 2 hours until the level 
stabilizes to ensure cardiac ischemia is not missed.

A. True
B. False
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Clinical Case
• 76 yo woman admitted to 

medicine for productive 
cough and dyspnea

• PMH: HTN, HLD, T2D, 
COPD, HFpEF, CKD 

• SH: current smoker (1 ppd)
• Meds: ASA, amlodipine, 

atorvastatin, dapagliflozin, 
furosemide, BGF, lisinopril

• HR 95, BP 146/82
• Exam: Diffuse wheezes
• ECG: No ischemic changes
• CXR: No infiltrate or edema
• hsTnT 29 ng/L (99% 

percentile URL 14 ng/L)

18

How would you approach 
additional CV biomarker testing?
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Learning Objectives

• Describe the criteria and classification of MI according to the 
Universal Definition of Myocardial Infarction

• Recognize the kinetics of troponin elevation in ACS and 
advantages of high-sensitivity assays

• Appreciate the importance of clinical assessment in the 
diagnosis of myocardial infarction



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Established Cardiac Biomarkers

• Natriuretic peptides
– Hormones expressed by cardiomyocytes 

in response to hemodynamic stress
– BNP and NT-proBNP used for diagnosis 

and assessment of HF

• Cardiac Troponin
– Complex of 3 regulatory proteins 

involved in cardiac muscle contraction
– TnI and TnT assays used to detect 

myocardial injury
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Troponin

CK-MB

ST elevation ACS

STEMI

Non-ST elevation ACS

UA NSTEMI

Acute Coronary Syndromes
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4th Universal Definition of MI

Definition Criteria

Acute Myocardial Infarction Acute myocardial injury + clinical evidence of 
acute myocardial ischemia (eg, sx, ECG, imaging)

Type 1 Atherothrombosis (plaque rupture or erosion)

Type 2 Imbalance between myocardial O2 supply & 
demand unrelated to acute atherothrombosis

Type 3 Cardiac death w/ sx + ECG ∆s before Tn available

Type 4 PCI-related (clinical + Tn >5× 99th %ile)

Type 5 CABG-related (clinical + Tn >10× 99th %ile)

Thygesen et al. Circulation 2018;138(20):e618-e651.
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How Do We Detect Myocardial Injury?

Era Assay Measure at presentation + …
1950s AST & LDH q12 hrs × 4
1960s CK q12 hrs × 2
1980s CK-MB q8 hrs × 3
1990s Troponin q8 hrs × 3
Recent past Troponin 3-6 hrs after sx onset
Now hs-Troponin 1-3 hrs later (depending on time from sx onset to presentation)

Examine absolute and ∆
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Conventional vs hs-Troponin Assays

Collet JP, et al. Eur Heart J 2021;42:1289-1367.
           

    

       

         
        

        
  

         
          

        
       
        

       
        

        
 

              
 

Greater precision 
with differentiating 
between “normal” 

and “mildly 
elevated”
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Thygesen et al. Circulation 2018;138(20):e618-e651.
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Troponin Kinetics

hsTn assays
Greater discrimination 

of small changes in 
concentration starting 

within normal 
reference range
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Early Rule-Out Strategies with hsTn

• Integration of very-low detection limit at early timepoint

• Movement of serial sample to earlier timepoints

• Addition of delta (∆) criteria for serial testing

Morrow DA. Circulation 2017;135(17):1612-1616.
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MGB Pathway
HEART Score
History Highly suspicious

Moderately suspicious
Slightly suspicious

2
1
0

ECG Signif ST-depression
Non-specific abnl
Normal

2
1
0

Age ≥65 y
45 – 65 y
≤45 y

2
1
0

Risk 
factors

≥3 risk factors
1-2 risk factors
None

2
1
0

Troponin 
(serial)

≥3 x 99th percentile 
1– 3 x 99th percentile
≤99th percentile

2
1
0
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ACC/AHA Chest Pain Guidelines (2021)

Recommendations for Biomarkers

COR LOE Recommendations

1 B-NR

In patients presenting with acute chest pain, serial 
cTn I or T levels are useful to identify abnormal 
values and a rising or falling pattern indicative of 
acute myocardial injury

1 B-NR

In patients presenting with acute chest pain, high-
sensitivity cTn is the preferred biomarker because 
it enables more rapid detection or exclusion of 
myocardial injury and increases diagnostic accuracy

Gulati et al. Circulation 2021;144:e368-e454.
Sandoval et al. Circulation 2022;146:569-581.
 

Caveat: Among patients with symptom onset >2 
hours, use of a single low hs-cTn measurement may 
be used to identify patients at low risk for acute MI.
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hsTn Assays in US Hospitals

Gulati M and Berg DD. J Am Coll Cardiol. 2023;81(3):220-223.
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Troponin Assays Are Not Standardized

Recommendations for Biomarkers

COR LOE Recommendations

1 C-EO

Clinicians should be familiar with the analytical 
performance and the 99th percentile upper reference 
limit that defines myocardial injury for the cTn assay 
used at their institution.

List of FDA-Approved High-Sensitivity Troponin Assays
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The Challenge for the Hospitalist

“In these studies, the two groups of investigators showed that a new generation of 
sensitive assays for troponin improved overall diagnostic accuracy and thus 

functioned as a better test. The findings support current professional guidelines for the 
use of troponin and a rationale for the use of more sensitive assays. However, their 

results also confirm a trade-off of superior clinical sensitivity for diminished 
clinical specificity for the diagnosis of myocardial infarction.” 

Morrow DA. N Engl J Med. 2009;361(9):913-915.
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Myocardial Injury vs Myocardial Infarction?

Thygesen et al. Circulation 2018;138(20):e618-e651. 33
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Type 1 MI, Type 2 MI, & Non-ischemic 
Myocardial Injury?

Type 1 MI
- Due to ACS (plaque 

rupture or erosion)
- Distinction from T2MI 

generally a clinical dx
- hsTn elevations >5x URL 
 >90% PPV for T1MI

- Coronary thrombus on 
angiography confirms dx

Type 2 MI
- NOT due to ACS 
-  myocardial perfusion

- Coronary artery spasm, 
embolism, dissection

- HoTN, sustained 
bradycardia, anemia

-  myocardial demand
- Sustained tachycardia, 

hypertension

Acute myocardial injury
-  Tn w/o s/s ischemia
- HF, myocarditis, TTC
- Ablation, defib, contusion
- PE, PH
- Sepsis, CKD
- Stroke, SAH
- Strenuous exercise

Thygesen et al. Circulation 2018;138(20):e618-e651.
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Elevated Tn in Patients Without MI

Neumann JT et al. NEJM 2019;380:2529-2540.
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Clinical Case
• 76 yo woman admitted to 

medicine for productive 
cough and dyspnea

• PMH: HTN, HLD, T2D, 
COPD, HFpEF, CKD 

• SH: current smoker (1 ppd)
• Meds: ASA, amlodipine, 

atorvastatin, dapagliflozin, 
furosemide, BGF, lisinopril

• HR 95, BP 146/82
• Exam: Diffuse wheezes
• ECG: No ischemic changes
• CXR: No infiltrate or edema
• hsTnT 29 ng/L (99% 

percentile URL 14 ng/L)
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Repeat hsTnT (3h) = 27 ng/L
Dx: AE-COPD with suspected 

chronic myocardial injury



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Summary
• Diagnose MI based on history, 12-lead ECG, troponin

• High-sensitivity troponin assays are preferred to conventional 
troponin assays
– Greater analytic precision
– Superior diagnostic accuracy
– Ability to more rapidly “rule-out” MI

• Good clinical judgment is important for distinguishing between 
non-ischemic myocardial injury, type 1 MI, and type 2 MI
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Thank you
dberg1@bwh.harvard.edu
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Objectives
1. How can hospitalists avoid unnecessary biomarkers 

testing from admission to discharge during 
hospitalization? 

2. What are effective quality improvement interventions to 
reduce unnecessary biomarker testing among 
hospitalized patients?



Objective #1
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1. How can hospitalists avoid 
unnecessary biomarkers 
testing from admission to 
discharge during 
hospitalization? 



Low-value cardiac biomarker testing: CK-MB in AMI
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Trends in Troponin‐Only Testing for AMI in Academic Teaching Hospitals 
and the Impact of Choosing Wisely®

Journal of Hospital Medicine, Volume: 12, Issue: 12, Pages: 957-962, First published: 20 September 2017, DOI: (10.12788/jhm.2846) 



Low-value cardiac biomarker testing in the 
ED

2009-2010 National Hospital 
Ambulatory Medical Care 
Survey database

All ED visits 
Age 18+
Primary outcome=cardiac 

biomarker(CK-MB, troponin 
I/T) testing in ED 



From: Use of Cardiac Biomarker Testing in the Emergency Department

JAMA Intern Med. 2015;175(1):67-75. doi:10.1001/jamainternmed.2014.5830

• 44,448 ED visits

• 16.9% (extrapolated 
to 28.6M visits) had 
cardiac biomarkers 
tested

• 8.2% (extrapolated 
to 8.5M visits) 
lacked ACS 
symptoms



Indiscriminate testing

46

• All associated troponin values 
performed at 14 hospitals over 
12 months and primary and 
secondary diagnoses for each 
visit

• 3.5% of tested patients having a 
primary or secondary diagnosis 
of AMI

• 79% of elevated troponin values 
were associated with primary 
diagnoses other than AMI.



Inappropriate testing frequency
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Practical considerations: Older patients

48



Uniform troponin threshold to 
define ‘normal’ results in:

false-positive MI diagnoses in 
older adults and men 

false-negative diagnoses in 
younger women 

49

Goals of care and patient preferences 
are also important factors in testing, 

especially in MINS



Considerations for older adults



Objective #2
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What are effective quality 
improvement interventions to reduce 
unnecessary biomarker testing among 
hospitalized patients?



JAMA Intern Med. 2017;177(10):1508-1512. 



EMR-based interventions

53



CDS interventions

54

Alerts for biomarker testing more frequently 
than recommended (e.g., BNP more than once 
a day)

BNP reduced by 21% post intervention.



Implementing an evidence-based algorithm 

55Am J Clin Pathol 2006;126:195-199 
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Audit and feedback

57BMJ Quality & Safety 2023;32:517-525



Study diagram for stepped-wedge implementation of the routine laboratory test optimisation INT 
bundle across eight units by site. 

Anshula Ambasta et al. BMJ Qual Saf 2023;32:517-525

Copyright © BMJ Publishing Group Ltd and the Health Foundation. All rights reserved.



• 14% (incidence rate ratio (IRR)=0.86, 95% CI 0.79 to 0.92) overall reduction 
in ordering of routine tests with the intervention

• 14% (β coefficient=−0.14, 95% CI −0.07 to –0.21) reduction in costs of 
routine testing. Total cost savings of $C1.15 per patient-day. 

• 15% (IRR=0.85, 95% CI 0.79, 0.92) reduction in ordering of all common 
tests with the intervention and a 20% (IRR=1.20, 95% CI 1.10 to 1.30) 
increase in routine test-free patient-days. 

• No worsening was noted in patient safety endpoints with the intervention

Results



Considerations for older adults



Leverage QI methodology

61



Summary
1. Common low-value cardiac biomarker testing include CK-MB use 

when troponin is available, indiscriminate testing (ie in absence of 
ischemic signs or symptoms), or testing too frequently

2. Leverage CDS, CPOE changes, audit and feedback and QI 
methodology to identify opportunities for high value cardiac 
biomarker testing



Thank you
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