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Cardiac Troponins

« Regulatory Proteins that form the cornerstone of
muscle contraction

1. Troponin C: binds with calcium.
2. Troponin T:binds with tropomyosin.
3. Toponon I: inhibites contraction.

 Troponin C is not cardia specific, and thus is not used
for the diagnosis of cardiac injury

« CTnT and | are specific markers of myocardial injury
ACS
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Release of troponin
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Troponin release

Troponins goes
Injury = to circulation
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WHAT IS HIGH SENSITIVITY TROPONIN

> Same molecule that is specific to
cardiac muscle cell
= Acute coronary syndrome (ACS) is

characterized by rising/falling pattern
in cardiac biomarkers

Other myocardial injuries may have
steady elevated levels
> Improved analytical sensitivity
- Better precision at clinical decision
points

« Lower limits of detection enabling
quantification of troponin levels that
were undetectable with current assay

Time afler ansat of AMI (d)

Enhances ability to rapidly diagnose patients

- 2012 Beckman Coulter. All righis resenved. Move healthcare forward. COULTER



Troponin release

A ACUTE MYOCARDIAL INFARCTION
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Tnl vs. hsTnl Comparison
cal Values

Tni {Obd) haTnl [Mew)

0,030 ng/mL [Mormal) <30.0 p=/mL*
0.035 ng/mlL [(Abnormal) | 35.0 pg/mL [Abnormal)

0.300 ng/mlL (Abnormal)  300.0 pg/mlL [Abnormal)
*"Wea can now detect lower levels of Thi.




HS Troponin

Normal Ranges

£19 8 pg/mlL £14.9 pgfml

298 0 pgs/mlL 274.5 pgfmiL
arndfor A mnd/or &
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Fourth universal definition of Ml -2018

 Type | MI-Acute coronary thrombosis plague rupture

* Type Il MI-Consequent to mismatch between oxygen
supply demand.

* Type Ill MI-Sudden cardiac death.
* Type IV MI-Associated with PCI.

* Time 5 MI-Associate with coronary bypass surgery.
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Universal definition of MI- 5 types

3

Troponin Positive

|SCD| | Ischemic I
|

Myocardial Infarction

YN

Non-ACS

ACS

Classic AMI
STEMI
Non-STEMI

| Noncoronary I ICoronary I

CT surgery Spasm
Embolism

4 ) .pci

-CT surgery \5

Hypoxia Increased demand
Global ischemia (stable CAD lesion)
Hypoperfusion Hypertension (small vessel)

Procedure related

—
A

Type 1: Ischemic myocardial
necrosis secondary to plaque
rupture (ACS)

Type 2: Ischemic myocardial

necrosis not due to ACS

(e.g., supply/demand mismatch, coronary
spasm, embolism, 1 or | BP,

anemia, arrhythmia)

Type 3: Sudden cardiac death

Type 4: Procedure related
a) Secondary to PCI
b) From stent thrombosis

Type 5: CABG related

Figure 2. Troponin Positivity and the Universal Definition of MI (13) Classification of Ml Type
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Myocardial Infarction

» Defined as the presence of acute myocardial injury
etected by abnormal cardiac biomarkers in the setting
of evidence of acute myocardial ischemia.

» Detection of arise and/or fall of cTn troponin with at
least 1 value above the 99th percentile URL

« Symptoms of myocardial ischemia, new ST-T wave
changes, Q waves, imaging evidence of loss of viable
myocardium, New RWMA.
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Clinical evidence of myocardial
Ischemia

1. Ischemic EKG changes.
2. Development of Q waves.

3. New regional wall motion abnormalities-

Echocardiography

4. ldentification of coronary thrombus by coronary

angiography
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2018: 4TH UNIVERSAL DEFINITION OF Mi

Acute Acute
Myocardial Myocardial

Acuie HAcute Acute
Myocardisl Wyocardial Myocardisl

cTh rise/fall ECG change
Pathologic 1Q Waves
Imaging Evidence
Angiography

Thygesen. 2018 £ eBEcxmn

. B 2018 Beckman Coulter. All ights reserved. Mowve healthcare forward. C‘DUU_ER
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Angina pectoris

Angina Pectoris

Common precipitating factors in angina pectoris: Characteristic distribution of
Heavy meal, exertion, cold, smoking pain in angina pectoris
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Assessment of chest pain

Shouider
and arm

exeryiondl chést pain
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Chest pain

« 20 million ER visits in Europe and US each year

« 10 to 20% patient seen for chest pain are diagnosed
with acute Ml

* Only 2% Are inappropriately discharged from hospital

« 20% of patients that present with Ml -normal EKG
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ER evaluation of chest pain

7 1

ECG indicates STEMI MNormal/non-specific ECG

v

ACS treatment

Immediate transfer to Cath lab hsTn at & hours post presentation Risk-stratification

?

v v v

Initial hsTn Initial hsTn Initial hsTn
<99 centile =09 centile < 09" centile
or no significant and no significant or no significant
changes between changes between
0 and 6 hours 0 and 6 hours

Initial hsTn

=99 centile

and no significant
changes between
0 and 3 hours

Initial hsTn
=997 centile

Initial hsTn
=997 centile

or significant
changes between
0 and 3 hours

or significant
changes between
0 and 6 hours

changes between
0 and 3 hours

NSTEMI Further non-invasive Chronic troponin NSTEMI Exercise tolerance Chronic troponin
testing as required elevation — consider test elevation — consider

other diagnosis other diagnosis

Key: ACS = acute coronary syndrome; ECG = electrocardiogram; hsTn = high-sensitivity troponin; M1 = myocardial infarction; NSTEMI = non-ST-elevation myocardial infarction;
STEMI = ST-elevation myocardial infarction
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Elevated troponin

l

Ischemic

|

Troponin Positive

1]

Myocardial Infarction

Nonischemic

Not an MI

Direct
Myocardial

.

ACS

Cardiac

Classic AMI
STEMI
Non-STEMI

Noncoronary

Coronary

Hypoxia

Global ischemia
Hypoperfusion
CT surgery

Increased demand
(stable CAD lesion)
Hypertension (small vessel)

Spasm
Embolism

Procedure related

-PCl
- CT surgery

Cocaine/Methamphetamine

CHF
Infection

- Viral CM
Inflammation

- Myocarditis

- Pericarditis
Trauma

- Surgery

- Electrical shock
Ablation procedures
Malignancy
Stress CM
Infiltrative diseases

Damage

Systemic

PE

Toxicity

- Anthracyclines

Trauma

- Blunt chest wall injury

- CHF (volume overload)
Renal Failure

Sepsis

Stroke

Subarachnoid hemorrhage

Figure 1. Conceptual Model for Clinical Distribution of Elevated Troponin

Analytical

Assay Based
- Poor performance
- Calibration errors

Sample Based
- Heterophile antibody
- Interfering substances
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hs Troponin

* Most patients can be diagnosed within 2 to 3 hours of
presentation

* |solated hs Tn increases in the absence of myocardial
Ischemia should be considered myocardial injury

* Dynamic changes (delta) have acute injury and those
without changes have chronic injury
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hs TNI assay

* Male < 19.8 pg/mL
* Female < 14.9 pg/mL

* Critical values: male>99pg/ml

e female>74.5pg/ml
e O0-1hr delta>12
e 0-2hr delta>15
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Low to intermediate risk group

« Normal hsTn obtain another 1 to 3 hours after the first

* After return of troponin risk assess with heart score or
TIMI score
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Heart score

Composition of the HEART score for chest pain patients in the emergency room

HEART score for chest pain patients Score
History Highly suspicious 2
Moderately suspicious 1
Slightly suspicious 0
ECG Significant 5T depression 2
Nonspecific repolarisation disturbance 1
Normal 0
Age =05 years 2
45-65 years 1
<45 years 0
Risk factors =3 risk factors or history of atherosclerotic disease 2
1 or 2 risk factors 1
Mo risk factors known 0
Troponin =2x normal limit 2
1-2x normal limit 1
=normal limit 0
Total _
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Heart score

* Low risk less than 3 -Discharge (30-day event rate of
0.4%)

* Intermediate risk (4-6) Outpatient ischemic evaluation

 High risk.(>7) Admit to the hospital
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TIMI risk score

__lAge =65 (1 point)

Three or more CAD rnisk factors (1 point)

Known CAD with maore than 50% stenosis (1 point)
__Aspirin use in the past seven days (1 point)

Severe angina in the preceeding 24 hours (1 point)

Elevated cardiac markers (1 point)

ST deviation =0.5 mm (1 point)
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TIMI risk score

wo-week r|5k n:-l" death or MITwo-week risk of death, MI or urgent revascularization
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Low to intermediate risk

Patients assessed to be at
low/intermediate risk (not high)*

v

Patients who show evidencell of ischemia
at any time should be managed as ACS

v

Obtain first troponin, a second ECG,
chest radicgraph; continuously monitor

¥ i

Elevated
troponin

¥ v

Transfer to observation unit;
obtain second troponin at three hours

v ¥

Mot elevated troponin

Manage ACS

Elevated troponin
or other evidence Mot elevated troponin
of ischemia 1l
| Manage ACS | | Risk assess using heart risk scoref |

¥ v

7

Send for noninvasive Consider other diagnosis
or stress imaging or discharge ¢

v ¥ ¥

| lndeteIninate @

Obtain cardiology consult Consider other diagnosis
or discharga & or discharge

Manage ACS
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Rapid Rule out

- Q3L —

<6 pg/mL & HEART Score <3 Az12

sognimdte S

High-Sensitivity Troponin | Information Card*
0/1/2hr »URL without delta: Consider Dx other than AMI

*|Jz results in conjunction with 21l dinical information and further objective testing.
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Troponin-itis epidemic.

If tests are not put in proper context do not order high-
sensitivity troponin unless patients are having symptoms
of myocardial ischemia Tools for fools!!!!

 hsTn Is detected in 80% of all individuals tested

* Heart < 3 less hstnl negative no further testing—
discharge

MONUMENTHEALTH



Missed ACS

Woman less than 55 years old

Nonwhite patient's

Dyspnea is her primary complaint

Patients with abnormal EKG(20% of acs) patients have
a normal EKG

Elderly with atypical symptoms
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Myocardial injury

« Cardio myocyte turnover

Nonischemic myocyte necrosis

Apoptosis

Myocardial strain

Increased cell membrane permeability

MONUMENTHEALTH



Myocardial injury

« Myocardial injury with elevated troponin in the absence
of clinical evidence of ischemia should prompt a search
for other causes of myocardial necrosis

« Myocardial injury can be discriminated from chronically
elevated values by a significant change over serial
measurements.

« Nonischemic troponin elevation Acute or chronic
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Acute myocardial injury

 Elevated high-sensitivity troponin level that increases
further or there is a decrease in level.

* |f unable to identify ischemia and this is referred to as
myocardial injury
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Chronic myocardial injury

Troponin levels remain elevated, consistent levels no,
significant delta
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Myocardial injury

Direct

Not a Myocardial Infarction Myocardial

Congestive heart failure
Infection

«Viral cardiomyopathy
Inflammation

« Myocarditis

* Pericarditis
Trauma

* Surgery

* Electrical shock
Ablation procedures
Malignancy
Stress cardiomyopathy
Infiltrative diseases

Damage

Pulmonary embolism
Toxicity
« Anthracyclines
Trauma
* Blunt chest wall injury
* Congestive heart failure (due
volume overload)
Renalfailure
Sepsis
Stroke
Subarachnoid hemorrhage
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Non-ACS cause of elevated troponin

Doesn t really sound like ACS but

[roponin +ve
-

Myocarditis Post cardioversion
Pericarditis Post CPR
Severe CHF Infiltrative
Hypertensive crisis cardiomyopathy
Trauma Cardiotoxic drugs
(chemotherapy)
RENAL FAILURE

Post arrythmias

Post CV surgery
Post angioplasty PULMONARY
EMBOLISM
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Type I

Non-ACS Cardiac Causes of Elevated Troponin

Acute and chronic heart failure

Myocarditis

Cardiac contusion from trauma

Cardioversion

Endomyocardial biopsy

Aortic dissection

Hypertrophic cardiomyopathy

Aortic valve disease (aortic stenosis or regurgitation)
Cardioctoxic drugs

Tachyarrhythmia (SVT, VT, atrial fibrillation)
Bradyarrhythmia or heart block

Cardiac surgery

Cardioversion

Takotsubo cardiomyopathy

Rhabdomyolysis

Stenting or angioplasty (percutaneous coronary intervention)
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Type I

Moncardiac Causes of Increased Troponin Levels

Renal failure

Pulmonary embolism

Severe pulmonary hypertension

Sepsis

Severe critical illness

Burns

Extreme exertion

Acute stroke and subarachnoid hemorrhage
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RECOMMENDED MODEL FOR INTERPRETING MYOCARDIAL INJURY — 4TH UNIVERSAL
DEFINITION OF MI

Thygesen. 2018 EHJ esm(mw

. © 2018 Beckman Coulter. All rights reserved. Move healthcare forward. COULTER



CKD

 Serial change in the rise or fall troponin concentrations over 3
to 6 hours after presentation

« If all troponins are at or above the 99th percentile a greater
than 20% change in measure troponin is acceptable

* hsTNI more specific for myocardial injury in CKD patients

* Increase hsTN predicts worse long-term cardiovascular
outcome
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CKD

Mechanism of Elevated Troponin
in CKD

LVH

« Endothelial dysfunction
Loss of membrane integrity
Impaired renal excretion

Stretch mediated troponin release
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Noncardiac causes of Increased hsTn

« COVID-19 40% of patients with ARDS
« Acute respiratory illness > 40%

 Sirs/ sepsis 80% have positive hs troponin
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Covid

Increased cTn concentration (s) >99th percentile URL in patients with confirmed COVID-19

Without overt ischemia With overt ischemia

Delta <20%

Increased prevalence of « Increased inflammatory responses (T CRP, T interleukins, T procalcitonin, T ferritin) and prothrombotic state (T D-dimer)
chronic cardiovascular can contribute to acute nonischemic myocardial injury and acute myocardial infarction, with increases and/or dynamic
conditions in COVID-19 changes in NT-proBNP and/or hs-cTn possible across all these conditions.

that can explain chronic « For several conditions, such as critical illness , sepsis, or respiratory failure, there is a spectrum, with cTn increases
myocardial injury categomd as acute non-lsdnmic myocardlal injury in the absence of ischemia, and as acute myocardial infarction if

Classification of Myocardial Injury in COVID-19 Increases in cTn shou|d be categonzed as chronic myocardial injury, acute nonischemic myocardial injury, or acute myocardial infarction. For
several condmons there isa spectrum and the most common category is indicated, but can present in other ways. CKD = chronic kidney disease; COVID-19 = coronavirus disease-2019;

e EQDDN — end-ctane renal diseace: MT- nle&? = AM-terminal nro—B-tune natriuretic ne) IIDI = ||nnar referencs limit
Ppresentation, presence, arbsur.e mia, an| 1 cTn results (staﬂef
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False positive high-sensitivity troponin
elevation

Heterophile antibodies

Infectious mononucleosis.

Rheumatoid arthritis.

Burkitt's lymphoma

e VVaccination
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hsTroponin

* Prognostic information in congestive heart failure,
valvular heart disease, stable ischemic heart disease,
atrial fibrillation, Cardiomyopathy

« Augments chads vasc- score with regards to risk of
embolic events

* |dentifies many more patients with subtler forms of
heart disease

« 80% of the general population has elevated hsTN
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Myocardial injury

* |Increased risk of all cause mortality cv mortality, Ml,
heart failure and stroke

« Myocardial injur%/ patients should be referred for
echocardiography and noninvasive ischemic
assessmen

» Cost implications and risk of over testing

* No evidence that revascularization benefits patients
Wltﬂ myocardial injury in the absence of coronary
Ischemia
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Myocardial injury

Optimal coronary risk factor modification.
Statins decrease troponin levels and improve mortality

Myocardial injury is not a benign condition and should
not be called troponinemia or troponin-itis

Routine cardiology consultation for elevated at hs
troponin in critically ill patients is associated with
Increased cardiac testing, LOS, without significant effect
on mortality
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Hs Troponin

4/28/2020 4/28/2020 472972020 10/15/2020 10/15/2020
1622 1728 0653 1028 1131

CARDIAC PROFILE

hsTnl 0 Hour 96.9 422 *
h=Tnl 1 hr

hsTnl 2 hr

Delta from 0 Hour
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CASE STUDY

50 year old Native American male, 6'5”, 410lbs
18 hours post onset of symptoms

At presentation:
radiating right arm pain
indigestion
fatigue
tachycardia

Lab work: CBC, troponin

& seconn

COULTER

'.‘ 2 2018 Beckman Coulter. All ights resarwed. Mowve healthcare forward.
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CASE STUDY

hsTnl
T=0 25.6 ng/L
T=1hrs 46.3 ng/L A=21.3ng/L
T=2hrs 94. 6 ng/L A =29.0ng/L
TN
@ = 2018 Beckman Coulter. All rights reserved. Move healthcare forward. COULTER
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CASE STUDY

48 year old Asian female, 5’07, 1101bs
3 hours post onset of symptoms

At presentation:
indigestion
lower back pain
tachycardia

Lab work: CBC, troponin

& secoun

COULTER

'.‘ 2 2018 Beckman Coulter. All nghis reserved. Mowve healthcare forward.
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CASE STUDY

hsTnl
T=0 11.0 ng/L
T=2hrs 21.0 ng/L A =10ng/L

'.' B 2018 Beckman Coulter. All nghis reserwed. Mowve healthcare forvward. CDUHER
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CASE STUDY

40 year old male smoker, apparently healthy
6 hours post onset of symptoms

At presentation:
chest pain
sweating
fatigue
wheezing
tachycardia

L ab work: CBC, UDS, troponin

& s

'.‘ B 2018 Beckman Coulter. All ighis resenved. Mowve healthcare forward. CGUH-ER

&% MONUMENT HEALTH



CASE STUDY

Accu Tnl +3 hsTnl
T=0 <0.02ng/L 0.005 ng/L
T=3hrs <0.02ng/L 0.020ngL A =15ng/L
& secopw
'.' B 2018 Beckman Coulter. All nighis reserved. Move healthcare forward. CDUH-ER
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Hs troponin

| Chart Normal Ranges and Criti-

Normal Range £19.8 pg/mL <149 pg/mlL
(URL)

ol ey
and/or & and/or &

. Move healthcare forward COUU-ER
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