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DISCLOSURES

= Abbott Diagnostics: advisory board

* Roche Diagnostics: advisory board, speaker
+ Patent #20210401347 (machine learning models for ECG-based troponin level detection)

AllinaHealthi MINNEAPOLIS HEART INSTITUTE

1. Hs-cTnT implementation:
why and when?
AlinaHealth# MINNEAPOLIS HEART INSTITUTE NORT " (‘ygo%:rgaﬁtl:‘gm % @yadersandoval ,
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Allina transition to Roche instrumentation > Early 2023

ﬁlAIIina’s fleet of chemistry analyzers are at the end of life with increasing

~

downtimes.
UNew instrumentation will provides improved TATs, reducing critical lab
turnaround times
UNew instruments offer largest test menu (190 assays), consolidating platforms
and reducing send outs.
@Go-live date for Roche implementation > January 31, 2023._ J

How does this impact cardiology practice?

U Cardiac troponin testing: transition from conventional Abbott’s cTnl to Roche’s
Gen 5 cTnT (hs-cTnT).
U Natriuretic peptide testing: transition from Abbott’'s BNP to Roche’s NT-proBNP.

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

Allina Health Multidisciplinary High-Sensitivity Cardiac Troponin T Implementation Team
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Dr. Anthony
Laboratory Medicine

Dr. Katz
Laboratory Medicine

) ¢

Dr. O’Laughlin
Emergency Medicine

Dr. Lefebvre
Internal Medicine

Dr. Sandoval
Cardiology

Dr. Drexel
Cardiology

Dr. Bradley
Cardiology

Greg Kerola
CV Project Manager

Weekly 1-hour meetings every Thursday at 7 a.m. since mid-September 2022

AllinaHealth MINNEAPOLIS HEART INSTITUTE

Laboratory Medicine
- Dr. Lauren Anthony
Dr. Brenda Katz
Diana K. Weyhrauch
Dean A. Derhaag
Lawrence R. Rothstein
Heather Grussing (Lab Project Manager)

Emergency Medicine
Dr. Daniel O’ Laughlin
Wendy Baumgardt

Cardiology
Dr. Yader Sandoval
Dr. Steven Bradley
Dr. Todd Drexel
Dr. Cavalcante

Cardiovascular Emergencies
Greg Kerola (CV Project Manager)
Louise V. Anderson
Will O. Belzer

Internal Medicine
Dr. Anthony J. Lefebvre
Dr. Daniel Pollman (IM resident)

Clinical Nursing Specialist
- Roberta Wagner
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2. What is a high-sensitivity
cardiac troponin assay?

AllinaHealth# MINNEAPOLIS HEART INSTITUTE \"B PHTI RN (7?0"":3;;:3 % @yadersandoval
7
CARDIAC TROPONIN ASSAYS
Contemporary cTn Assay High Sensitivity cTn Assay
Analytical = Measure cTn in LESS than 50% = Measure cTnin 2 50% of a
sensitivity of a healthy cohort. healthy men and women.
Imprecision | = Acceptable CV<20% at 99" URL. = CV<10% at the 99" URL
B ® @
S EE thh 44
reference — e © © ® O e © o
(XK SRR
N Reportable measured concentration in <50%. Reportable measured concentration >50%.
AllinaHealth# MINNEAPOLIS HEART INSTITUTE (‘ygo%:rgaﬁt?lﬂe % @yadersandoval g
8
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Total Imprecision: Coefficient of Variation (CV)

True Value Measured Value

‘ ‘ Contemporary assays:
Higher imprecision: more analytical noise

High-sensitivity assays:
Lower imprecision: less analytical noise

G Bias =—p

(Lyﬂle’;“rﬁ::tl:tsm Y @yadersandoval

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE Foundation’

AllinaHealth MINNEAPOLIS HEART INSTITUTE

SUBJECTA SUBJECTB

34 nglL « Male hs-cTnl cutoff
--130 ngiL « cTnl cutoff
26 ng/L + hs-cTnl cutoff

Less

“analytical
noise”

Troponin | (ng/L)

o B i 16 ng/L + Female hs-cTnl cutoff

— cTnl
— hs<Tnl
0 T T T T T T T T

0 3 6 9 0 3 6 9

Sandoval Y, Smith SW, Schulz KM, Murakami MM, Blood Draws (hours) Blood Draws (hours)
Love SA, Nicholson J, Apple FS. Clin Chem 2015

Minneapolis
eart Insf

(7.‘:',“,{5;.,,';:."“-‘ % @yadersandoval
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Key Message: not all cTn assays are created equal - KNOW YOUR ASSAY

| Manufacturer | | Assay type | | Analytical sensitivityl | Imprecision (%CV) | | Lowest reportable value (LoQ) | | 99th percentile |

Hs-assays 20% CV 99 URL, %CV at % >LOD  Epitopes/antibodies Detection tag
(LoQ), ng/L 99th URL
ng/L

Abbott ARCHITECT hs-cTnl 1.7 23 17/35 5.0/4.1 85% C: 24-40; D: 41-49 Acridinium

Beckman Coulter Access hs-cTnl 1-2 0.9-2.3 11.6/19.8 4.2/3.6 >50% C: 41-49; D: 24-40 ALP

(Li heparin plasma)

Roche TnT Gen 5 STAT 3; 5 for 6 14/22 <10 55.1% C: 125-131; D: 136-147 Ruthenium

ed1
Siemens ATELLICA 1.6 2.5 38.6/53.5 <4 75% C:41-50, 171-190, D:29-34 Luminescence
Aumj:
AllinaHealths MINNEAPOLIS HEART INSTITUTE NOFﬁ'E*SJE%ERN (7% , @yadersandoval

11

US FDA 510k cleared hs-cTn assays

Cardiac Troponin T: 1 manufacturer

‘ ’ Cardiac Troponin I: multiple companies ‘

ruthenium M ’#"* ’*‘* * *
Company Platforms  Assay =
mAb 2 / \ Roche Cobas TnT Gen 5
e601,e602, STAT
E170 Company / Platform / Assay Capture (C) & Detection (D)
analyte antibodies
C: 87-91 Abbott ARCHITECT hs-cTnl C: 24-40; D: 41-49
D: 23-29 Beckman Coulter / Access 2 hs-cTnl (plasma) NA
mAb 1 \ /
Beckman Coulter / Access 2 hs-cTnl (serum) NA
Streptavidin Beckman Coulter / DxI Access hs-cTnl (plasma) NA
biotin coated Beckman Coulter / DxI Access hs-cTnl (serum) NA
microparticle Siemens ATELLICA High Sensivity Tnl (TNIH) C: 41-50, 171-190; D: 29-34
Siemens ADVIA Centaur XP/XPT/CP High Sensitivity Tnl (TNIH) C: 41-50, 171-190; D: 29-34
Siemens Dimension VISTA High Sensitivity Tnl (TNIH) C: 41-50, 171-190; D: 29-34
Siemens Dimension ExL High Sensitivity Tnl (TNIH) C: 41-50, 171-190; D: 29-34

Figure (left) from Jeffrey W. Meesen, PhD — Troponin and ACS, December 15", 2017; Figure (right) for illustration/educational purposes courtesy of Fred S. Apple, PhD

Information regarding hs-cTn assays per IFCC C-CB website.

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

12
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3. Background: why?

AllinaHealth MINNEAPOLIS HEART INSTITUTE 13

13

Evolution of Cardiac Biomarkers

Late
High sensitivity
Total CK S hs-TnT
hs-cTnl

* Please note that hs-cTn assays have been used clinically outside the US for more than 10 years.

Lewandroski KB. Clin Lab Med 2014; Ladenson JH. Clin Chem 2012.

b
AllinaHealth

_ ABBOTT f‘) N sute adersandoval
AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE NORTHWESTERN \ Foundation' ' @y

14

7 of 42




MHIF Cardiovascular Grand Rounds |
December 5, 2022

The case to improve the diagnostic performance of cardiac troponin assays
1.000
== Siemens
o 09307 Troponin |
2 Ultra
o 0.900+
g == Abbott—
& 0.850 —— Architect
= — Troponin |
_E 0.800— / Conventional 4t Gen cTnT Roche
E J/ === Roche High-
g 0.750 /*”' Sensitive
< / Troponin T
/
0.700 === Roche
0.000 : : : ‘ Troponin |
=2 =4 =6 =10 All Patients
Hours since Onset of Symptoms
Reichlin T et al. Early diagnosis of myocardial infarction with sensitive cardiac troponin assays. N Engl J Med 2009; 361: 858-67.
&
Alfoabiest ) Minneapolis
AllinaHealth#% MINNEAPOLIS HEART INSTITUTE NORTHWESTERN \);‘::;'M % @yadersandoval

15

Limitations of Contemporary cTn Assays

Delayed increase of circulating levels for 3-4 hours, often requiring

sampling for 6-12 hours.

Delays in Excluding Disease Delays in Diagnosing Disease

 Delays in rule-out interferes with  Delays in rule-in hold back prompt
evaluation of alternative diagnoses use of evidence-based therapies.

and contributes to expensive
overcrowding in the ED.
. The present ANW ACS
Reichlin et al. Arch Intern Med 2012. ..
' admission order set
w Laboratory - Cardiac Enzymes

M troponinl @ Oh / 3h / 6h

Timed, Normal, Q2H, First accurrence today at 1700, Last occurrence taday at 2300, For 3 occurrences, Blood

W
Allina

<9) Minneapolis
AllinaHealth# MINNEAPOLIS HEART INSTITUTE NORTENWESTERN ( Heart Institute % @yadersandoval 5
HOSPITAL Foundation'
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Symptoms Suggestive of ACS

Non cardiac
diagnosis

Treatment as
indicated by
alternative
diagnosis.

Chronic stable

Possible ACS Definite ACS

angina

ACC/AHA
Guidelines for
Chronic Stable

Angina.

Non-diagnostic
ECG and normal
initial biomarkers

Guidelines for
NSTEMI/UA

Observe, serial
ECGs, cardiac
biomarkers

If negative If positive

Study to provoke
ischemia or

detect anatomic Admit to hospital
CAD

Consider MPI to
identify rest
ischemia

If negative

Outpatit'r:,t Follow Admit to hospital

If negative

Outpatient follow
up

If positive
Amsterdam EA et al. Testing of low-risk patients presenting to the
emergency department with chest pain. Circulation 2010.

Admit to hospital

D

AllinaH:
Minneapolis
< ABBOTT ‘, v
AllinaHealthd MINNEAPOLIS HEART INSTITUTE NORTHWESTERN (/W % @yadersandoval 4,
HOSPITAL un
17
Symptoms Suggestive of ACS
ey ggtanle Possible ACS
Lol
3! alternatv . _at/lUA
i diagnosis.
/|
| Guidelines for
[ STEMI
[
|
rositive If negative
__, 1 provoke .
d eltse‘::'tlearzlai :r;ic Admit to hospital Outpatulejr: sl Admit to hospital
If negative
Amsterdam EA et al. Testing of low-risk patients presenting to the
emergency department with chest pain. Circulation 2010.
Admit to hospital
a . .
Minneapolis
O ABBOTT ‘, :
AlinaHealth¥ MINNEAPOLIS HEART INSTITU NORTHWESTERN ( Heart Institute % @yadersandoval 5
HOSPITAL Foundation
18
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Current approach using conventional cTnl testing:
cTnl g3h (0h/3h/6h) = ~6 hours (including potential use of POC assays in some EDs)
Lack of standardization and no clear guidance on deltas

w Laboratory - Cardiac Enzymes

B troponin | ®

Timed, Normal, Q3H, First occurrence today at 1700, Last occurrence today at 2300, For 3 occurrences, Blood

Future (early 2023) approach using hs-cTnT testing:
hs-cTnT g2h= Oh +/- 2h (2h protocol, 4h sample if needed)
Standardized Oh/2h sampling protocol across the healthcare system with established guideline/algorithm

TROPONIN T ACUTE W/2HR REFLEX % Cancel

Priority: Today STAT | ASAP Timed || Preop | Early AM
Frequency: OME TIME Tomorrow AM | g8h || géh | g4h | g2h

At

1171472022 Tomorrow | (1415

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

19

4. Evidence: Clinical Trials

AllinaHealth MINNEAPOLIS HEART INSTITUTE

20

20
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High-sensitivity cardiac troponin risk-stratification RCTs

| Extensive data demonstrating that these assays/protocols are excellent in rapidly identifying patients at very-
low risk for acute Ml and therefore facilitating early rule-out/disposition.

High-STEACS: 7 sites, 31492 patients

 0/3h protocol that allows single-sample rule-out if hs-cTnl (Abbott) <5 ng/L (optimized
concentration)

* Only 0.3% (56 of 16793) of early rule-out patients had Ml or cardiac death at 30-days.

RAPID-TnT: 4 sites, 3378 patients

» 0/1h protocol that allows single-sample rule out if hs-cTnT (Roche) <5 ng/L

* Among pts. discharged from the ED, 0/1h hs-cTnT had a NPV of 99.6% (99.0-99.9) for 30-day
death/MI.

LoDED: 8 sites, 629 patients

* Single hs-cTn sample <LoD (multiple assays: Roche, Abbott, Beckman)
 No patients with undetectable hs-cTnT had MACE within 30-days.

AllinaHealths MINNEAPOLIS HEART INSTITUTE

21

High-STEACS: stepped-wedge, cluster RCT of 48,282 patients across 10 hospitals in Scotland.
Does the introduction of a hs-cTnl assay with a sex-specific 99t percentile reduces subsequent Mi
of CV death in patients with suspected ACS?

Validation phase Implementation phase Odds ratio
n % n % 95% Cl
Primary outcome
Myocardial infarction or cardiovasculardeath 105 14:6 131 125 1.10 (0-75-1-61)
Secondary outcome
Myocardial infarction 56 78 62 5.9 133 (0-81-2:20) .
Unplanned revascularisation 18 25 25 2:4 1.77 (0-72-4-36) e
All-cause death 167 232 187 178 0-71(0-46-1-10) ——H
Death from cardiovascular causes 54 75 75 71 0-86 (0-51-1-45) -
Death from cardiac causes 32 44 59 56 1.13 (0-61-2-09) fp—t—
Hospital admission with heart failure 91 126 13 108 134 (0-84-2-16) -
Ischaemic stroke 24 33 17 16 0-85(0-33-2-18) —
0!25 1.0 2I-0 5!0
Use of a high-sensitivity assay was not associated with a lower subsequent - —
L L . . Implementation Validation
incidence of myocardial infarction or cardiovascular death at 1-year. better bettar

Shah ASV et al. High-sensitivity troponin in the evaluation of patients with suspected acute coronary syndrome: a stepped-wedge, cluster-randomised controlled trial.
Lancet. 2018 Sep 15;392(10151):919-928.

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

22
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High-STEACS: stepped-wedge, cluster RCT of 48,282 patients across 10 hospitals in Scotland.
Does the introduction of a hs-cTnl assay with a sex-specific 99t percentile reduces subsequent Mi
of CV death in patients with suspected ACS?

High-STEACS - outcomes at 5-year follow-up — data presented at ESC Congress 2022
Implementation of a high-sensitivity cardiac troponin assay was associated with a lower risk of

subsequent myocardial infarction or death at 5-years.
Improvements in outcomes were greater in those with a diagnosis of non-ischemic myocardial
injury rather than infarction.

—  Standard care (contemporary assay)
— Implemantation (high-sensiviy nssay)

a5

5-year outcomes of the
High-Sensitive Troponin in the
Evaluation of patients with Acute
Coronary Syndrome (High-STEACS)
trial

Cumulative incidence of
myocardial infarction or all-cause death

Adjusted hazards ratio 0.75 (85% C| 0.57-0 98)

DrKen Lee
2 3 Clinical Lecturer in Cardiology
Years since initial presentation University of Edinburgh

AllinaHealths MINNEAPOLIS HEART INSTITUTE

23

5. Guidelines

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE 24

24
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2021 AHA/ACC - High-sensitivity cTn is the preferred biomarker

AHA/ACC CLINICAL PRACTICE GUIDELINE

2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/
SCMR Guideline for the Evaluation and Diagnosis

ESC 2015 of Chest Pain

0/1h rapid rule-out and rule-in.
Class |, LOE: B

2. In patients presenting with acute chest pain,
high-sensitivity ¢Tn is the preferred biomarker
because it enables more rapid detection or
exclusion of myocardial injury and increases
diagnostic accuracy.'™" %

ESC 2011 ESC 2020
0/3h rapid-rule out 0/1h algorithm - Class |, LOE: B
Class I, LOE: B 0/2h algorithm - Class |, LOE: B
algorithm — Class lla, LOE: B
AllinaHealthd MINNEAPOLIS HEART INSTITUTE mo%%ﬁ%em (7?0%:?;%:}:1‘% % @yadersandoval
25

6. What is the US experience?

AllinaHealth MINNEAPOLIS HEART INSTITUTE

26

26
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Timeline for regulatory clearance for clinical use of hs-cTn assays

510k US FDA clearance of high-sensitivity cardiac troponin assays

Roche hs-cTnT Abbott hs-cTnl Roche Gen 5 Siemens hs-cTnl: CE, FDA Ortho hs-cTnl: CE
CE Mark CE Mark FDA Beckman hs-cTnl: CE, FDA Abbott hs-cTnl: FDA
ET Healthcare hs-cTnl: cFDA

2007 2013 2017 2018 2019 2020

Apple FS et al. Clin Chem 2021; 67: 70-78 Hennepin Healthcare - Abbott hs-cTnl
Ridgeview > Siemens hs-cTnl
UoM and Mayo - Roche hs-cTnT
Allina as of 2023 will transition to Roche’s hs-cTnT.

r.‘ymlnne?&olls
\ Foundation’ i W
d <9) Minneapolis
. BBOTT
AllinaHealthd MINNEAPOLIS HEART INSTITUTE Norfgéu;fﬁ_iem );'o“;a;um , @yadersandoval
27

Implementing High-Sensitivity Cardiac Troponin Tin a United States Regional Healthcare System

4th Gen ¢TnT assay 5th Gen cTnT assay
Assay Contemporary High-sensitivity
Units g/ ec 5) ng/L (whole nui

99% percentile URL g srall th of <0.01 ng/mL

Sampling protocol = Small increase in Ml

diagnoses (ICD-10 codes).
=  More type 2 Mls.
12-months pre- |mp|ementat|on 12-months post- |mplementat|on " No overall increase in hospital
TR aﬂer_hs-cTnT implementation.
= At primary referral hubs, small
S zom——h ; o e 14% increase in echocardiography.

0.8%

0.0% 0.0% = Approximately half of patients
Acute Ml Women Ml Men Ml Type 2MI Acute Ml Women Ml Men MI  Type 2MI had cTn testing in the

B. Resource use among total patients absence of chest pain

A. MI diagnoses among patients undergoing cTnTmeasurements

12-months pre-implementation 12-months post-implementation

18 hospitals 285,519 patients 330,585 patients
" 15.0%

165.0% | 11.6% 10.4%

10.0% 5.2% . 0% 5.0%
5.0% 1.1% 0.8% 0.8% 5.0% 1.0% 0.7% 0.8%
0.0%

Admits Echo Stress Nuclear Cath - Admits Echo Stress Nuclear Cath
echo  stress echo  siress

Sandoval et al. Implementing high-sensitivity cardiac troponin T in a US regional healthcare system. Circulation 2020; 141: 1937-1939.

AllinaHealth MINNEAPOLIS HEART INSTITUTE

28
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ACTION: Mayo Southwest Wisconsin 5" Gen Troponin T Implementation

PRE-IMPLEMENTATION 4th Gen cTnT POST-IMPLEMENTATION 5t Gen cTnT
M){o{:ardial
2069 Myocardial 2491 38.4%

injury
1.3%

cTnT <99th

percentile
85.4% Type2 MI
1.6%

Hs-cTnT <99th
percentile
53.5%

Ola & Sandoval (Pl) in behalf of the ACTION investigators. JACC 2021; 77: 3160-70.

AllinaHealths MINNEAPOLIS HEART INSTITUTE

29
Resource Utilization: Pre vs. Post-implementation
Overall All cTnT sURL 21 cTnT >URL
80.0% 80.0% P < 0-0001 80.0%
60.0% 60.0% 60.0% P < o-ooo; 0,002
40.0% 40.0% p < 0.0001 40.0%
20.0% p=002 p-0.02 20.0% p=005 . 20.0% ns ns
0.0% L= 0.0%
& & & O <
& & ¢ 6}00} &
& S S
& oﬂ@d
&
= Except for angiography, overall resource use did not increase.
= Among those without cTnT increases, there were more ED discharges and fewer cardiac stress tests.
Ola & Sandoval (PI) in behalf of the ACTION investigators. JACC 2021; 77: 3160-70.
AllinaHealthi MINNEAPOLIS HEART INSTITUTE

30
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UT Southwestern: 0/1h (+/- 3h) hs-cTnT implementation
ED dwell time reduced % patients discharge increased 30d MACE did not differ before/after

ED dwell time, min

@
3
8

S @

Patients, %

s
3
5

Readmission with M1 or death, %

o

ﬂwﬁﬂﬁwd&&h&

o
1234567 891011121 2 3 456 7 8 910 12 3 4 5 6 7 8 91011121 2 3 4 5 6 7 8 910
L 5l | L oL !

12345578910111212345678910
L T |

2018 2017 2018
Months

2017 2018 2017
Months Months

Vigen et al. Circulation 2018; 138: 2061-2063 ; Vigen et al. JAMA Netw Open 2020; 3: e203359.

W
AllinaHealthd MINNEAPOLIS HEART INSTITUTE NO%EENS:%ERN \" r"é:‘:‘;:‘e:;::m‘l;l"s"‘" ’ @yadersandoval
31
UC Davis: 0/1h (+/- 3h) hs-cTnT implementation
Pre- Post- Adjusted OR
implementation implementation
N=1589 N=1616
No admission 63% 68% 1.38 (1.18-1.61)
Full admission 28% 24% 0.75 (0.64-0.88)
Cardiology consult or admission 13% 13% 0.91 (0.73-1.12)
NSTEMI 3% 3% 0.95 (0.65-1.40)
UA 2% 2% 0.80 (0.24-2.62)
Cardiac risk stratification 9% 9% 0.95 (0.74-1.22)
Catheterization 10% 10% 1.02 (0.81-1.30
Ford JS et al. Am J Emerg Med 2021; 45: 54-60; Mumma BE et al. Ann Emerg Med 2020; 76: 566-579.
AllinaHezlths MINNEAPOLIS HEART INSTITUTE Noggé:vggmm (:’ Hears thstitute % @yadersandoval
HOSPITAL Foundation’
32
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Mass Brigham: 0/1h (+/-

net lower in chest
pain patients

net higher in chest
pain patients

Adjusted pre-  Adjusted pre-
postchange, post change,
Qutcome chest pain other symptoms
Any cascade event E s 6.0(3.9,8.0) 3.1[25,37
22 troponin tests - 149[135,164]  4.4[40,48]
Medications
Aspirin e 68[-82,-53] -0.58[-1.0,-0.2]
Beta blocker - 36[50,-22) -0.43[-0.8,-0.04]
Statin o 49164, -35] -0.17 [-0.6,02]
Antithrombotic agent = = | 34[52.-1.7 -0.23[-0.7.0.3]
Additional cascada events H
Cardiology service involved ot 3242,-23) 0.3[0,0.6)
Hospital admission ==t h 58176,-39] -0.01 0.5, 0.5]
New diagnosis P 31 (22,40 13[10,15]
T T t T
-20 -10 0 10
Percent

3h) hs-cTnT implementation

Adjusted pre-  Adjusted pre-
post change,  post change,
Outcome chest pain other symptoms
Cardiac studies
o
Elecirocarclogram _— 14.1[90,192)  7.1(56,85)
Echocardiogram % -0.37[-0.97,0.24]  -0.16 [-0.33, 0.01]
Stress test o ¥ 6.1[6.7,-5.4] -0.16 (-0.33, 0.01)
2 .
Cardiac CT / CT Angiography i 15[1.9,-1.1] -0.02 [-0.13, 0.08]
Cardiac procedures !
PCI & -0.64[0.99,-0.30)  0.01([-0.08,0.11]
CABG (4 0.26[0.03, 0.56] 004 (-0.04,0.11]

Rate per 100 patient.visits

net lower in chest
pain patients

net higher in chest
pain patients

with other symptoms.

Hs-cTnT assay implementation was associated with more net upfront tests yet fewer net stress tests,
catheterizations, cardiology evaluations, and hospital admissions in chest pain patients relative to patients

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

Baugh et al. Crit Pathw Cardiol 2019; 18: 1-4 ; Ganguli et al. JACC 2021; 77: 3171-9.

33

AllinaHealth MINNEAPOLIS HEART INSTITUTE

7. Our approach and rationale

34
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AllinaHealth ¥

How to use high-
sensitivity cardiac
troponin T

These guidelines were developed and approved by the multidisciplinary, Allina
Health hs-cTnT implementation team. They do not replace clinical judgement.

Transition from the Abbott cTnl to Roche Gen 5 cTnT (hs-cTnT)

Changes in cardiac troponin results reporting & timing of samples

/ Decimals, nglml_\ @ole rounded numbers, ngh

Example: 0.032 ng/mL Example: 7 ng/L

Sex-specific* 99t percentiles

Overall upper-reference limit
Males<16 ng/L, Females<11ng/L

cTnl = 0.034 ng/mL

Timing of samples

Qh / 2h protocol, 4h optional/

*Sex assigned at birth.

Timing of samples

k Oh/3h/6h /

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

13
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2021 AHA/ACC chest pain guidelines: the 99t percentile URL

COR LOE RECOMMENDATIONS

1 C-EO | Clinicians should be familiar with the analytical performance and the

99t percentile upper reference limit that defines myocardial injury for
the cTn assay used at their institution.

pu—
- 40+
IS) o
. £ 30 10 ng/L 15 ng/L
Sex-specific = 201 9 9
99t percentile URLs ™ 5 10l :
2 . ...oamuclllﬂu@umﬂumm... AR N o
Female Male
=
All m
ol Mi li
AllinaHealths MINNEAPOLIS HEART INSTITUTE ;\::=v:§2§§g§{gpm (7;'0%:'?;'3{“"@: ’ @yadersandoval

37

Hs-cTn and the under-diagnosis of Ml in women

Type 1 myocardial infarction
5

—
£
=
-
€ 20 / .
R v $ \
g 3
a 1 7 \
15 ! \
/ ‘:
10 v :I 1
| =. | |
I g H i
iP5 ; ! ;
! | 8 |
\ ' \ ;
' 0 ; ! /.
| Single / Single . Sexspecific /
N —_— l,' L \ y )
. Contemporary / High sensitivity
. assay .’ assay.

Shah ASV et al. High-sensitivity cardiac troponin and the under-diagnosis of myocardial infarction in women: prospective cohort study. BMJ 2015; 350: g7873.

AllinaHealthis MINNEAPOLIS HEART INSTITUTE

38

19 of 42



MHIF Cardiovascular Grand Rounds |
December 5, 2022

Any 21cTnT >99th Percentile URL

15.0% p=046  150%

p =0.008

10.0% 10.0%

8.5% 7.7% p = 0.0007

4.4%

5.0% 2.3% 5.0%4 27%

0.8%

0,

0.0%

4th Gen cTnT 5th Gen cTn

AllinaHealths MINNEAPOLIS HEART INSTITUTE

Myocardial Injury

p=0.08

3-4% 2-3%

4th Gen cTnT 5th Gen cTnT
B Men m Women

80.0% = 80.0% =
& p=0.26 &
i | p=0.46
60.0% 480%  450% 60.0% i
40.0% p< 0.0001 40.0% 1 p< 0.0001 39.0% 38.0%
20.0%

20.0% S e 200%q{ 160%

0.0% - 0.0% -

4th Gen cTnT 5th Gen cTnT 4th Gen ¢TnT 5th Gen cTn
Overall Acute MI Type 1MI Type2 MI

20.0% 20.0% 20.0%

15.0%

10.0% p=078
a ‘0
P=076 510 5.4%

>0%9 17% 1.5%

0,

4th Gen cTnT 5th Gen cTnT

Ola & Sandoval in behalf of the ACTION investigators. JACC 2021; 77: 3160-70.

39
High-sensitivity cardiac troponin T assay results
Test Result 99th percentile URLs*
Troponin T Gen 5 <6 ng/L Male<16 ng/L
(hs-cTnT) Female<11 ng/L

Lowest reported value by the laboratory
LoQ = limit of quantitation (20% CV)

*Measuring range: 6 to

AllinaHealthis MINNEAPOLIS HEART INSTITUTE

*Sex assigned at birth

10000 ng/L

Values below 6 ng/L are reported as <6 ng/L
Values above measuring range are reported as >10000 ng/L

ASandoval Y, Jaffe AS. Am J Med 2017; 130: 1358-1365.e1.
*Elecsys Troponin T Gen 5 insert package.

40
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Suspected NSTE-ACS

i 1 ’ IB recommendations for both the Oh/1h and Oh/2h algorithms

oh Very low" | or Low High
hs-cTn : and Other or
Ih ! nolha 1 hA @ESC o comy sz 917 ESC GUIDELINES

European Society doi10.1093/eurheartj/ehaa$7s
of Cardiology

2020 ESC Guidelines for the management of
acute coronary syndromes in patients
presenting without persistent ST-segment
elevation

’ ~-..__ 3hhs-cTn + Echocardiography .-

Disposition (Dlwmr‘e 4

The Task Force for the management of acute coronary syndromes
in patients presenting without persistent ST-segment elevation of

Additional Optional
testing Stress testing
or CCTA

or Stress testing
or CCTA Echocardiography the European Society of Cardiology (ESC)
or none

or Angiography

or none

The ESC 0 h/1 h algorithm |with blood sampling at O h and 1 h is recommended if an hs-cTn test with a validated 0 h/1 h

algorithm is available 3033338396869.75.76

Additional testing after 3 h is recommended if the first two cardiac troponin measurements of the 0 h/1 h algorithm are not

conclusive and the clinical condition is still suggestive of ACS.®

As an alternative to the ESC 0 h/1 h algorithm, it is recommended to use thg ESC 0 h/2 h algorithm|with blood sampling at 0

hand 2 h, if an hs-cTn test with a validated 0 h/2 h algorithm is available **3%757884

0 h/1 h algorithm Low No 1hA High 1hA
hs-cTn T (Elecsys; Roche) | Not for US clinical use. <12 <3 >52 >5
0 h/2 h algorithm Not FDA-cleared. Low No 2hA High 2hA
hs-cTn T (Elecsys; Roche) <14 <4 >52 =10
41
Precision of high-sensitivity cardiac troponin T
0 h/1 h algorithm Very low Low High

hs-cTn T (Elecsys; Roche) <5 >52

Potential for misclassification

given analytical imprecision
at low concentrations?

Courtesy Professor Allan S. Jaffe, MD, Mayo Clinic.
1,000

Troponin T, Elecsys® TnThs (pg/mL)

AllinaHealth MINNEAPOLIS HEART INSTITUTE

(‘yﬂ'e'é“rﬁﬁ':t'u'i"m W @yadersandoval

Foundation’
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APACE: Derivation and validation of the 0/2h hs-cTnT protocol

Chest pain patients — Derivation cohort (n=1148) Chest pain patients — Validation Cohort [n=517)

[ ' [ |

Oh/zh >=53 o1 0h/2h <14 and ” Oh/2h »=53 or
Dalta2h>=10 Dekta 2hed aiher Delts 2h >= 10

| l l T T T

-8

Ohf2h <14 am
Dalta 21

others

Rule out Observational Zone Rulein Rule out Observational Zone Rulein
n=683 (60%) =278 (24%) n=187 [16%) n=402 [T5%) = 40 [8%)
Sensitivity: 99.5% TmEFSASSE Specificity: 96% ety n=75 (14%] .
NPV 95 5% Prevalence of AMI: 15% PPV T8% 5‘: ;:.“’;';_';:* Prevalence of AMI: 15% 5“;:::';::*
Reichlin et al. Am J Med 2015; 128: 369-79.
AllinaHealthi% MINNEAPOLIS HEART INSTITUTE 43

43

Suspected NSTE-ACS

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE Adapted ESC 2020 a|gorithm

44
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Suspected NSTE-ACS

o

Initial >100 ng/L

Initial <6 ng/L Oh/2h<URL

with symptom (F<11, M<16) Other or
onset >3h AND

Delta <3 ng/L Delta 210 ng/L

4h hs-cTnT
HEAR score
Additional testing

AllnaHealthi MINNEAPOLIS HEART INSTIRWERted ESC 2020 algorithm using hs-cTnT

45

Suspected NSTE-ACS

v

v

Initial <6 ng/L | Oh/2h<URL Initial 3100 ng/L
with symptom 1 (F<11, M<16) or
onset >3h ' AND

Delta <3 ng/L Delta 210 ng/L

4h hs-cTnT
HEAR score
Additional testing

AllinaHealth¥ MINNEAPOLIS HEART INSTIAH'%ted ESC 2020 algorithm using hs-cTnT

46
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\ Low-risk: “Ruled-out” for acute Mi

Non-ischemic
12-lead electrocardiogram

1. Single-sample rule-out:
a. Initial hs-cTnT<6 ng/L (LoQ)
b. Symptom onset >3h without recurrence
c. Non-ischemic ECG.
2. Serial testing:
a. 0h AND 2h hs-cTnT measurements below the sex-specific 99t
percentiles (<16 ng/L for men, <11 ng/L for women)
b. No change/delta: Oh/2h <3 ng/L.

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

47

2021 AHA/ACC chest pain guidelines: the single-sample rule-out

COR LOE RECOMMENDATIONS

2a For patients with acute chest pain, a normal

ECG, and symptoms suggestive of ACS that
began at least 3 hours before ED arrival, a
single hs-cTh concentration that is below
the limit of detection on initial
measurement (time zero) is reasonable to
exclude myocardial injury.

*Guidelines incorrectly recommend limit of detection, but ACC Chest Pain consensus clarified use of LoQ (not LoD) for
single-sample rule-out in US clinical practice.

* There are 3 randomized trials (LoDED, HiSTORIC, and RAPID TnT that incorporate single-sample RO)

2021 AHA/ACC guidelines and 2022 ACC Expert Consensus

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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Suspected NSTE-ACS

Initial <6 ng/L |  Oh/2h<URL Initial >100 ng/L
with symptom +  (F<11, M<16) Other or
onset>3h | AND

Delta = 10 ng/L

Delta <3 ng/L

4h hs-cTnT
HEAR score
Additional testing

AllnaHealthi MINNEAPOLIS HEART INSTIRWERted ESC 2020 algorithm using hs-cTnT

49

High-risk: does NOT equal to acute Mi

There are multiple etiologies that can cause hs-cTnT increases
above the 99t percentile (i.e. myocardial injury) other than acute
myocardial infarction.

Clinical context (pre-test probability) and careful clinical evaluation are
critical for diagnosis and risk-stratification.

No myocardial injury*

Anaemia

Hypoxaemia

The diagnosis of acute myocardial infarction requires a rising and/or falling

nft';':“e' i, pattern in hs-cTnT concentrations with at least one value above the sex-
Hypotension/ myocardial Ventricular specific 99" percentile PLUS at least one of the following:
‘shock injury = tachyarrhythmia .
el Q  Ischemic symptoms
infarctions €

New or presumed new significant ST-T wave changes or new
LBBB.

Development of pathological Q waves.

Imaging evidence of new loss of viable myocardium or new
regional wall motion abnormality.

Identification of intracoronary atherothrombosis or acute
angiographic culprit by angiography.

Kidney Heart
disease failure

0O 00 O

1. Initial hs-cTnT>100 ng/L without alternative explanation
a. In appropriate patients with suspected ACS (l.e.: acute chest pain
without alternative explanation for chronic myocardial injury) it
correlates with a positive predictive value for acute Ml of ~90%.
2. Serial 0h/2h (or 0h/4h) delta >10 ng/L identifies higher-risk patients with
acute myocardial injury (does not apply in those with initial hs-cTnT >100
ng/L, in which a 20% delta is suggested)

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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Low risk High risk
0 h/1 h algorithm High 1hA
hs-cTn T (Elecsys; Roche) >52 >5
A hs-cTn | (Architect; Abbott) >64 =6
100 100 hs-cTn | (Centaur; Siemens) >120 >12
98 4 l a0 hs-cTn | (Access; Beckman Coulter) =50 >15
96 - hs-cTn | (Clarity; Singulex) >30 >6
~ 941 8o @ hs-cTn | (Vitros; Clinical Diagnostics) =40 =4
E\; 92 r70 g hs-cTn | (Pathfast; LS| Medience) >90 >20
2 907 F60 & hs-cTn | (TriageTrue; Quidel) 260 >8
'g 88 - | 50 f\; 0 h/2 h algorithm High 2ZhA
Y 864 L 40 = hs-cTn T (Elecsys; Roche) >52 >10
84 hs-cTn | (Architect; Abbott) >64 =15
82 1 30 hs-cTn | (Centaur; Siemens) >120 >20
80 20 hs-cTn | (Access; Beckman Coulter) =50 =20
2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53
Baseline Atellica IM hs-cTnl (ng/L) hs-cTn | (Clarity; Singulex) 230 8D
—— Sensitivity —— Specificity hs-cTn | (Vitros: Clinical Diagnostics) =40 TBD
hs-cTn | (Pathfast; LS| Medience) =90 TBD
hs-cTn | (TriageTrue; Quidel) >60 TBD
Sandoval et al. JACC 2019; 74: 271-282; 2020 ESC NSTEMI guidelines Eur Heart J 2021; 42: 1289-1367.
AllinaHealths MINNEAPOLIS HEART INSTITUTE

51

Suggested threshold to identify high-risk patients at presentation

Table 2: Diagnostic accuracy of different cut-off points of absolute high-sensitivity cardiac troponin T
levels at baseline and changes within the first hour
% (95% Cl)
Cut-off
point, Positive predictive Negative predictive
ng/L Sensitivity Specificity value value
Baseline
5 99.6 (97.6-100.0) 37.9 (35.0-40.9) 25.4 (22.6-28.4) 99.8 (98.7-100.0)
10 94.4 (90.6-97.0) 70.0 (67.2-72.7) 40.0 (35.9-44.2) 98.3 (97.1-99.1)
14 92.1 (88.4-95.3) 79.4 (76.3-81.3) 48.4 (43.3-53.3) 98.1 (96.5-98.6)
20 80.1 (74.3-85.0) 89.0 (87.0-90.8) 60.7 (54.9-66.2) 95.5 (94.0-96.7)
50 50.2 (43.6-56.8) 97.6 (96.5-98.4) 81.7 (74.3-87.7) 90.2 (88.4-91.9)
29.0 (23.2-35.3) 99.3 (98.6-99.7) 89.3 (80.0-95.3) 86.8 (84.8-88.7)
Reichlin et al. CMAJ 2015; 187: E243-E252.
AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE 52 52
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Caveats of high-risk thresholds in unselected populations

R e
: [ ]Quartile 1: <37 ng/L
1004 1 [JQuartile 2: 37-57 ng/L
: [ Quartile 3: 58-101 ng/L
80 1 I Quartile 4: >101 ng/L
5 |if []
Eal '
£ 601 -
S 1
< o
40,
1
I
201,
1
0 L | — PR — P =

T 1 ! T 1 T | f f f
0 50 100 150 200 250 300 350 400 450 500 550 600
hs-¢TnT (ng/L)

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE Hassan et al: Clin Chem 60:2, 2014

53

1. Continuous risk marker: the higher the hs-cTn concentration, the higher the risk.

2. Myocardial injury = any hs-cTn > 99th percentile.

A
Hs-cTnT concentrations (ng/L)

Initial hs-cTnT >100 ng/L

P in chest pain patients
N 100 ng/L associated with PPV for
Myocardial acute MI ~90%
injury
M=16
F211
< Sex-specific 99t percentile URLs
Without Men <16 ng/L
myocardial Women <11 ng/L
injury

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE
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Suspected NSTE-ACS

v

Initial <6 ng/L ! Oh/2h<URL Initial >100 ng/L
with symptom +  (F<11, M<16) or
onset >3h i AND

Delta <3 ng/L

Delta 210 ng/L

4h hs-cTnT
HEAR score
Additional testing

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

55

{ Intermediate-risk: more evaluation ]

1. Third hs-cTnT measurement at 4-hours (i.e.: 0h /2h [ 4h).
2. In patients at intermediate-risk, the HEAR score can be used to
identify patients in whom additional evaluations can be considered.

History
High suspicion
H Moderate suspicion
Low suspicion

= HEAR score <3 - outpatient

Electrocardiogram

ST-segment deviation 2 f0| |OW- u p
E Paced, LBBB, RBBB, or LVH 1
Normal or nonspecific changes 0 = HEAR >4 consider additional
Age, y evaluations such as functional or
A 65 2 anatomical non-invasive imaging.
45-65 1
| <45 0
Cardiac risk factors
R =3 or known CAD 2
1-2 1
AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE ° °

56

28 of 42



MHIF Cardiovascular Grand Rounds |
December 5, 2022

— | Initial hs-cTnT >100 ng/L* |
‘ 2h hs-cTnT measurement ‘
*Initial hs-cTnT >100 ng/L in the absence of other
conditions such as end-stage renal disease,
cardiomyopathy, chronic heart failure, or critical
illiness suggest a higher risk for acute M
In patients with marked initial |
increases (>100 ng/L), use % |
(percent) changes rather than <20% detta
absolute changes (ng/L). — T~
- Chronic Late MI Actne.m_vyocardial
No change <20% gEEme ] presentation injury
injury
Clinical evidence of
o
Change >20% acute myocardial
ischemia?
[ ] [es |
Acute Acute myocardial
myocardial infarction
injury
AllinaHealthi% MINNEAPOLIS HEART INSTITUTE
57
—
l ary syndrome 1
[ [T — |-+ Yes |+ Fotlow STEMUNSTEM guidelines
(e
[ Initial (0h) T |
<1 ngllfoﬂem\;_dsng’[lmn-l- 21 nyLlnrfermi;g!éugll.ror male |
‘No myocardial injury at presentation Myocardial injury evident at presentation
| i he-<TnT<6 ngl + | ‘ \n\lullu-cTn;zﬁnylaR I L
ECG+ 23h nce <6 ngiml. & symptom onset <3h | [ Inial hecTnT<toomgl. | | Initial hs-cTnT >100 nglL* |
. [ Emertmmm
Complete educational ‘
algorithm/resource = [[omamzmt | [ zmomromr | i ceta 310l I T
. ; — (single sample rule-cut) i ]
avall_able in the AKN [ e || [ |
- Sllde set [ mm-eTnTnm:ummﬂANB‘HEARmilmndﬂtd HEART) | _ S
- Rationale . . j 3 !
- References e e el
injury. T
[y | [B=2e=t] - :
evaluation for evaluation for el ECE‘M,:mk . conwder [EAF score (odited FEART mmi;l Mul‘mr;m
tablg ai Tollow-up injury
appropriate patients or p 3
f clinically indicated without concurrent - GCTA
unstable angina if all - Stress PET/SPECT
&;ﬂgwlmm 2 mwmmw
- Exercise ECG
AllinaHealthi MINNEAPOLIS HEART INSTITUTE

58

29 of 42




MHIF Cardiovascular Grand Rounds |
December 5, 2022

Without myocardial injury (all hs-cTnT<99t URL)

With myocardial injury (at least one hs-cTnT>99t URL)

Chronic Acute Acute
myocardial myocardial myocardial
injury injury infarction

Increased troponin
- No delta

- No ischemia

Ruled-out
- No injury
- Int./nigh risk

Ruled-out
- No injury
- Low risk - Alternative
explanation

« If stable and has reason for
chronic myocardial injury
(ESRD/CHD, HF,
cardiomyopathy), follow-up
with PCP and can consider
outpatient cardiology
follow-up as appropriate.

« If no identifiable reason for
increased troponin,
consider additional
evaluations to explain cTn
increase and/or CAD risk-
stratification.

* Follow-up with PCP

« Shared-decision making

« Can consider outpatient
functional/anatomical
testing in appropriate
patients.

« Exception: unstable angina.

* Follow-up with PCP

Increased troponin
- With delta

- No ischemia

* Hospital admission

« Evaluate for etiology
(systemic illness vs.
primary cardiac) (ECG,
echocardiography)

« If primary cardiac, consider
cardiology consult.

* Not all increased hs-cTnT
results require cardiology
consultation (e.g.: sepsis,
PE, etc.)

Increased troponin
- With delta

- With ischemia

« Cardiac testing as needed.
« Cardiology consult.

59

8. Potential challenges:
Preparation, partnership, and
education.

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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TROPONIN

YES
High myocardial tissue specificity

NOT
Disease specific

AllinaHealths MINNEAPOLIS HEART INSTITUTE

61

Myocardial

injury .
38.4% More myocardial injury
More type 2 myocardial infarctions

Acute MI

8.1% Type 2 MI

Hs-cTnT <99th 5.29%

percentile
53.5%

Ola & Sandoval (PI) in behalf of the ACTION investigators. JACC 2021; 77: 3160-70.

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE 62
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60%

50%

40%

30%

20%

10%

0%

CONTRAST: COmparisoN of High-sensitivity Cardiac TRoponin |
and T Assays Trial (CONTRAST) (NCT03214029) (unpublished)

Transition from cTnl to hs-cTnT: What to expect?

- Men: positivity rate increase = 17%
- Women: positive rate increase = 29%

25%

I !

Abbott cTnl (0.030 ug/L)

24%

: I

Abbott hs-cTnl (M 35 ng/L, F 17 ng/L)

= Men mWomen

42%

48%

Roche hs-cTnT (M 17 ng/L, F 11 ng/L)

Cardiac Biomarkers Trial Laboratory (CBTL), Courtesy of Fred Apple, PhD (PI)

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE
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63

Unselected patients (UK)

100

Selected patients (UK)

Broad unselected testing = )
more myocardial injury and type \
2 myocardial infarction

60
50
40

30
°

'
t

20

¢
o

° o

rereeee

=fle =i
=e

"M
e
teereeeeee

Selected patients (US)

TITTTTIRIYT
Pereeeeit

L] ]
' Type 1 myocardial infarction ' Type 2 myocardial infarction/myocardial injury

Shah AS, Sandoval Y, Noaman A et al. Patient selection for high sensitivity cardiac troponin testing and diagnosis of myocardial infarction: prospective cohort study. BMJ 2017; 359: j4788.

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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All No myocardial injury Myocardial injury
participants
(n=48282)
Validation  Implementation Reclassified by Identified by cardiac troponin |

High-STEACS RCT | ™ ™" s ™

Validation Implementation Validation  Implementation
(n-720)  (n-1051) (n=3396)  (n-5193)

Primary outcome

Myocardial infarction® or death from 2586 (5%) 367 (2%) 479(2%) 105(15%) 131 (12%) 634 (19%) 870 (17%)
cardiovascular causes

Secondary outcomes
Myqgaeaabiararcrion” 1046 (2%) 163(1%) 198 (1%) 56(8%)  62(6%) 249(7%)  318(6%)
Un, ascularisationt 672 (1%) 80 (1%) 182 (1%) 18 (3%) 25(2%) 147 (4%) 220 (4%)
All- h 4367 (9%) 824(6%)  1170(5%) 167 (23%) 187 (18%) 882 (26%) 1137 (22%)
cardiovascular causes 1693 (4%) 217 (1%) 299 (1%) 54 (8%) 75 (7%) 432(13%)  616(12%)
ac causes 1273 (3%) 143 (1%) 191(1%) 32 (4%) 55 (6%) 349(10%) 499 (10%)
sion for heart failure 1700 (4%) 334 (2%) 337 (1%) 91(13%) 113 (11%) 371(11%)  454(9%)
546 (1%) 171 (1%) 173 (1%) 24 (3%) 17 (2%) 78 (2%) 83 (2%)
Safety endpoints
Major haemarrhaget 195 (<1%) 40(<1%)  55(<1%) 5% 11(1%) 38 (1%) 46 (1%)
Unplanned hospital admission at 8489 (18%) 2450 (17%) 2995 (13%) 208 (29%) 245(23%) 1190 (35%) 1401 (27%)
30dayss
Non-cardiovascular death 2673 (6%) 607 (4%) 871(4%) 113(16%) 111(11%) 450(13%)  521(10%)

Data are number of patients (%). *Subsequent type 1 or type 4b myocardial infarction. tDefined as urgent or emergency percutaneous coronary intervention or coronary
artery bypass grafting from discharge to 1year later. $Bleeding Academic Research Consortium type 3 or type 5. §Excludes type 1 or type 4b myocardial infarction.

Shah ASV et al. High-sensitivity troponin in the evaluation of patients with suspected acute coronary a stepped-wedge, clust controlled trial. Lancet 2018; 392: 919-628.

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

65

CLINICAL CONTEXT (PRE-TEST PROBABILITY) IS ESSENTIAL

Low ACS probability Intermediate ACS probability High ACS probability
- Tr 4 9% 6%
hs-cTnT > 14 ng/L o i
/ 12% ‘
54%
3%
. NSTEMI s
28% 12%
. Unstable angina
Cardiac cause, but not CAD
Low ACS probability Intermediate ACS probability High ACS probability
Moncardiac cause
. 9% aT% 1%
26%
30%
hs-cTnT > 52 ng/L
APACE CCJ 4% 92% 66

66
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Acute myocardial injury

Significant rise and/or fall in cTn with 21 value >99t" percentile URL without clear,
overt clinical evidence of acute myocardial ischemia.

* Examples:
30 ng/L — .
= Acute heart failure
= Stress cardiomyopathy
20 ng/lL —

= Myocarditis

= Pulmonary embolism
Ongll e = Sepsis

99 percentile URL = Critical illness

Baseline 2nd 3rd 4th
sample sample sample

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

67

Chronic myocardial injury

Stable, unchanging (<20% change) cTn increases >99" percentile without
myocardial ischemia.

« Examples:
= Chronic heart failure
= Cardiomyopathy
20nglL = Chronic kidney disease

&— o O — o = End-stage renal disease

10 ng/L ——

30 ng/lL —

99th percentile URL

Baseline 2nd 3rd 4th
sample sample sample

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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Acute myocardial infarction

Significant rise and/or fall in cTn with 21 value >99t" percentile URL with clinical
evidence of acute myocardial ischemia.

Acute myocardial injury + Acute myocardial ischemia
30 ng/L » PLUS clinical evidence of acute
N myocardial ischemia as defined by at
least 1 of the following:
- Symptoms.
New ischemic ECG changes.

Development of pathological Q

10 QL — waves.
99th percentile URL .
Imaging

Coronary angiography or autopsy

20 ng/lL |

Baseline 2nd 3rd 4th
sample sample sample

AllinaHealthi MINNEAPOLIS HEART INSTITUTE
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Acute myocardial injury Chronic myocardial injury

Treat precipitating factor

Consider noninvasive functional F——— = =
or anatomical testing S
if presence/absence of ischemia 1 Consider TTE
cannot be determined . ) (inpatient or outpatient)
Consider TTE if not recently if not recently performed
performed

in select situations*

CMR may be useful J. _____ : _____ l

Application of ASCVD Risk Estimator
to guide lipid-lowering therapy

|

Lifestyle and pharmacologic approaches
to mitigate heart failure risk*

2022 ACC Expert Consensus

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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Type 2 MI
‘ Treat precipitant of demand/supply
Known CAD  [¢ i h and perform structural No known CAD
J ‘ evaluation with TTE
Consider anatomical or
functional evaluation for CAD

CAD or ischemia detected No testing performed No CAD orischemia
detected

Lipid lowering therapy and

¢ CV risk factor optimization

* CVrisk factor optimization as per the 2019 as per the 2019 AHA/ACC
AHA/ACC primary prevention guideline primary prevention guideline

* Aspirin and lipid-lowering therapy

* Anti anginal therapy if symptomatic

+ Consider ischemia assessment and
revascularization on case-by-case basis

2022 ACC Expert Consensus
AllinaHealth# MINNEAPOLIS HEART INSTITUTE
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9. Areas of caution

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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Optimized risk-stratification thresholds

True negative

False negative Negative predictive value (95% ]

Age
<65 years 1599
;.\,': 265 years 703
T - Sex
205y ‘{ L R T e e Y Male 1229
5 | - - T . Female 1073
ol | t+ ki il + T Smoker
_? . Yes 381
g z B No 599
= } L . I T Hypertension
: ] < 5 n IL s s :ES 529
g o 996
ars LO D i ] Hyperlipidaemia
q Yes 456
No 1552
N Diabetes
” Yes 252
) No 1726
Previous coranary heart disease
Yes 454

{ CAUTION IN EARLY PRESENTERS

q —_—
4 P
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s2h 1783 3
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Overall 2302 9 —t—

Shah et a. Lancet 2016, 386 2481-2488.
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Very early
sampling

Cardiac
Troponin
(cTn)

CAUTION IN LATE PRESENTERS

Early sampling

Later sampling

Very late sampling
Rising cTn values
from below to

>99th percentile

Deltais
detectable

<Tn values
>99th percentile
Delta may not
be seen over a
short period cTn values
>99th percentile
Declining delta

Time from onset of symptoms (hours)
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Acute
myocardial
infarction

Chronic
myocardial
injury

99th
percentile
URL
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UNSTABLE ANGINA STILL EXISTS

49 year-old F with intermittent
chest discomfort for a couple of

days.

Baseline hs-cTnT <6 ng/L (LoQ)
2nd hs-cTnT also <6 ng/L

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE
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10. Outpatient applications

AllinaHealth MINNEAPOLIS HEART INSTITUTE
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MESA: ASCVD Risk Prediction with CAC and hs-cTnT

ASCVD with CAC ASCVD with hs-cTnT ASCVD with CAC/hs-cTnT Groups
Overall Overall 0.20

0.20 P<0.001
0.15 0.15
0.10

0.05
0.00 0.05

0246810 0246810

0.20
0.15
0.10
0.05
0.00

P<0.001

0.10

Cumulative incidence
Cumulative incidence

0.00

Years Years
—— CAC=0 (n=3,370) —— hs-cTnT <LoD (n=2,150)
—— CAC >0 (n=3,370) —— hs-cTnt =LoD (n=4,599) Years

= GAC=0 & hs-cTnT<LoD (n=1,480)
m= === GAC>0 & hs-cTnT<LoD (n=670)

) " . ) o ) === CAC=0 & hs-cTnTzLoD (n=1,899
Sandoval et al. Atherosclerotic cardiovascular disease risk stratification based on measurements of troponin and e-CTNT2LoD (7=1:899)

coronary artery calcium. JACC 2020; 76: 357-70. CAC>0 & hs-cTn 2LoD (n=2,700)
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Circulation ABC-stroke: age, prior stroke/TIA, Hs-cTnT, NT-proBNP

ORIGINAL RESEARCH ARTICLE
Performance of the ABC Scores for H ' i
" . . A Annualized Rate of Stroke or Systemic Embolism
Assessing the Risk of Stroke or Systemic
Embolism and Bleeding in Patients With 4.26
Atrial Fibrillation in ENGAGE AF-TIMI 48 (N=169)
Editorial, see p 772 David D. Berg, MD
Christian T. Ruff, MD,
BACKGAOUND: Th A5 (oo, omarer, i sty stk AR being P
Petr Jarolim, MD, PhD
risk of stroke or systemic embolic events and bleeding, raspectively, in patients with Robert P. Giugliano, MD,
il el Tocea scores have becn propese o Toutne ik e, it e ™ 5
performance in extermal cohorts remains uncertain. Francesco Nordio, PhD
emoDs s T s et ates TN,
M;‘“'"?"?m'"”“?:ﬁ;ﬂ?%‘;;l’*?“@‘f%ﬂfﬁﬂw‘“ STl At D 4
biomarker sudy in £705 patiens, anslyzing bassline high-seniiy rapomin T Eugene Braunwald, MD
[hsrl\ﬂ NTDrBINP lN»tErmmal EWDE ‘natriuretic peptide), and growth differentiation David A. Morraw, MD,
|m|5mnnsy el 5 inseial ssnplessfer 12 monis. The ABCstoke (ge, 3
ack, hsTnT, NT-pr  ABC-bleeding (age,
B S oot 0 S GH19 r wo toes.
i:‘:f’.fm ::zcd it 5 v Deamneson s ecsimion 2 2%
HESULTS:Mecin bl T N rt, and GO 15 el were 137 ngh
(2575t percanties, 9.6-20.4 gl ), 811 penl (3861436 pgiml, and 1651 pg 1-2%
L0179-2427 pyml respectvey.tevated P, NGO, GF 1S were i
T vt GOF s s ey s i Mt s o G
e e e, <1%  ABC-Stroke
eric amboks unts 07 95% 0. 065°0: 70] versus 0.50 [95% CL 0.57-0.62% 0
P 001} and HAS.BLED score for major bleeding (060 [35% C, 0.66-0.71] versus Score
0.62 [95% CI, 0.60-0. Eﬂlkﬁwﬂ Tespectively. IMAECMKEWH ABC-bleeding
R >5 4 <3
o P 1 s s o x|
CONCLUSIONS: e ASC sk nd A0 s s e s CHAZDSZ'VASC Score

Koy Wi s o
CHADS e HASDLD ot rspcie whammma,ne\ idenify = S = emarkagee ok
on-itamin K antagenst

m:‘“‘mﬂ e e ——— [ ABC-stroke risk > C statistic of 0.67 }

760 Faomays 2018 (T 2018198760- 771 DO 101161/CRCULATIONASA R 8312

CHA,DS,-VASc score - C statistic of 0.59
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TROPONIN T STABLE AMBULATORY

Priority: Early AM STAT | ASAP || Today || Timed | Preop |[E=VEAT]
Frequency: TOMORROW AM one time qsh | géh || gah || qzh
Starting For

First Occurrence
Include Now | SR IL T

First Occurrence: Tomorrow 0600 Final Occurrence: Tomorrow 0600

11/15
0600

Add-on: Test has no expiration time

Specimen Source: EBlood

@ Do you attest to the following statement?
Yes | Mo

Comments: JOR- [2) i3] + & =2 = ||100%
DO NOT ORDER FOR CHEST PAIN PROTOCOLS.

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

11/15/2022 Today 1 Hours | Days | Weeks

| attest that troponin IS NOT being ordered to assess for acute coronary syndromes and that this test is being used to

« Accept | ¥ Cancel
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“When troponin was a lousy assay it was a great test, but now that it’s becoming a great assay,

it’s getting to be a lousy test” — Dr. Robert L. Jesse, MD, PhD; JACC 2010; 55: 2125-8.

PAST — CONTEMPORARY ASSAYS

Binary test: negative vs. positive
Delays in diagnosis due to prolonged sampling

More samples needed

More analytical noise; more false positives.

More uncertainty about ‘low-risk” which contributed to
additional risk-stratification in ruled-out patients

No randomized trials

Limited Ml vs. no Ml scope

Overall threshold, MI under-diagnosis in women

AllinaHealth#% MINNEAPOLIS HEART INSTITUTE Foundation’

) it

% @yadersandoval
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“When troponin was a lousy assay it was a great test, but now that it’s becoming a great assay,

it’s getting to be a lousy test” — Dr. Robert L. Jesse, MD, PhD; JACC 2010; 55: 2125-8.

PAST — CONTEMPORARY ASSAYS PRESENT — HIGH-SENSITIVITY ASSAYS
Binary test: negative vs. positive Continuous biomarker: barometer of CV health
Delays in diagnosis due to prolonged sampling Rapid diagnosis, most within 1-3 hours
More samples needed Less samples needed
More analytical noise; more false positives. Less analytical noise; less false positives.
More uncertainty about ‘low-risk’ which contributed to Less uncertainty about ‘low-risk’ which reduces
additional risk-stratification in ruled-out patients additional testing in ruled-out patients
No randomized trials Multiple RCTs
Limited Ml vs. no Ml scope Multiple applications, including emerging outpatient CV
applications
Overall threshold, MI under-diagnosis in women Sex-specific thresholds, improved diagnosis in women
Mi Ii
AllinaHealthi MINNEAPOLIS HEART INSTITUTE (7;'0%:?3?}:‘?"& , @yadersandoval
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Take-home Points

1. Clinical trials and practice guidelines recommend high-sensitivity cardiac
tr%%onin assays as the preferred test to evaluate patients with suspected
ACS.

2. Main advantages: rapid triage and disposition in the emergency
department.

3. Main challenges: increased “positivity” rate — how to deal with
acute/chronic myocardial injury and type 2 myocardial infarction.

4. Key intervention for successful implementation: education, education,
education.

5. Clinical context and pre-test probability remain essential.

6. Increasing number of application of hs-cTn testing in the outpatient
setting.
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Mark your calendars: MHIF GR on NT-proBNP with Dr. James Januzzi

CLINICAL EDUCATION

Minneapolis
r‘ynean lr'{;’cmate
Foundation

Minneapolis Heart Institute Foundation® Cardiovascular Grand Rounds

Title: NT-proBNP
Speaker: James Januzzi, MD, FACC, FESC
Hutter Family Professor of Medicine, Harvard Medical School
Cardiologist, Massachusetts General Hospital
Trialist, Baim Institute for Clinical Research
Date: February 13, 2023
Time: 7:00 - 8:00 AM
Location: Minneapolis Heart Institute Building, Suite 100, MHIF Learning Center
Webinar - visit www.mplsheart.org/grand ds for login infi i

OBJECTIVES

At the completion of this activity, the participants should better be able to:
1. List the differential diagnosis of an elevated NT-proBNP.
2. Discuss optimal diagnostic cut-offs for the biomarker.
3. Recite similarities and differences between BNP and NT-proBNP.

Allina Health Learning & Office of intends to p 3 objectivity and
scientific rigor in all of ts educational activities. The ACCME defines an ineligible company a3 “any entity” whose primary
business is producing, marketing, re-selling, or distributing health care products/services used by or on patients. The
ACCME does not consider providers of clinical service directly to patients 1o be commercial interests - unless the provider
of clinical service is owned, or controlled by, an ACCME-defined ineligible company. All speakers and planning committee
members g in the CME activity to disclose to the audience any financial relationships with
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Yader Sandoval, MD, FACC, FSCAI

Interventional Section, Minneapolis Heart Institute, Abbott Northwestern Hospital, Minneapolis, MN
Center for Coronary Artery Disease (CCAD), Minneapolis Heart Institute Foundation, Minneapolis, MN
Adjunct Associate Professor of Medicine, Mayo Clinic College of Medicine and Science

Contact: yader.sandoval@allina.com

W
Allina

‘, Minneapolis
) . ABBOTT \{ Heart Institute
AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE NORTHWESTERN \ Heart Instit v @MHIF_Heart
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