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OVERVIEW

1. In patients with a low likelihood of ACS:
= Troponin must be measured at least six (6) hours after the onset of chest pain.

= Troponin measurement may be deferred until six (6) hours after the onset of
pain.

= Troponin samples may be measured two (2) hours apart when measured at

least 6 - 8 hours after the onset of chest pain (e.g. sample one at 6 hours after the
onset of pain, sample two at 8 hours).

= If Troponin measured > 6 - 8 hours after the onset of chest pain is negative,
AMI may be safely ruled-out in patients with a low likelihood of ACS.

2. Troponinis considered negative: (when measured > 6 - 8 hrs after the onset of chest pain)

< 3 ngilL <0.08 mcoll < 0.07 mcail
OR

> 14 ngil > 0.08 mcogil > 0.07 mcogil

and notrising on 2 samples measured at least 2 hours apart
and in context of alternate etiology for elevated troponin

3. Arrising troponin level is required in order to diagnose AMI. While there is no current
consensus recommendations for the hsTNT delta change in serial sampling, there is strong
evidence to support an absolute change of 7 ng/L (or 50% at the 99" ile) in samples
measured 2 hours apart.

4. In patients with background elevations of troponin (e.g. patients with CRF),
two (2) measurements are required to demonstrate a rising pattern.

5.  No single serum marker used alone has sufficient sensitivity or specificity to
reliably identify or exclude AMI within 6 hours after symptom onset.

6. Do not utilize cardiac serum marker tests to exclude unstable angina.

7. Document the time of onset of chest pain on all patients.




Circulation =@

Learn and Live..

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Testing of low-risk patients presenting to the emergency department with
chest pain: AHA Scientific Statement. Circulation 2010: 122:756-776.

1. The primary goal of evaluation of these patients in the acute setting is accurate risk
stratification and identification by exclusion of ACS and other serious conditions rather
than detection of coronary artery disease.

2. It has been demonstrated that among patients presenting to the ED with chest pain,
those with <5% probability of AMI can be identified from the presenting
symptoms, past history, and ECG.

3. Concomitant with the rapid exclusion of important noncardiac causes of chest pain, risk
stratification into categories defined by the ACC/AHA criteria should be performed as
indicated by the history, physical examination, ECG, and cardiac injury markers.

Low-risk patients for ACS are those with no hemodynamic derangements or
arrhythmias, a normal or near-normal ECG, and negative initial cardiac injury
markers, which correlate with low likelihood of ACS and a probability of AMI < 5%.

Recommended approach for a patient presenting with chest pain:

= Document the time of onset of chest pain on all patients.
= If the time of onset of chest pain is not known, then the time of
presentation must be utilized for cardiac marker interpretation.
= Do not utilize cardiac serum marker tests to exclude unstable angina.

(ACEP NSTEMI Clinical Policy, 2006)

e For the definition of unstable angina, see appendix A

= Assess for likelihood of ACS and 30-day MACCE

MACCE = major adverse cardiovascular and cerebrovascular events
(death, MI, stroke, revascularization)




Definitions

following:

a.
b.

oo

ESC/ACC Diagnostic Criteria for Acute Myocardial Infarction

Typical rise and/or fall of biochemical markers (preferably troponin) with at
least one value above the 99" percentile of the upper reference limit
together with evidence of myocardial ischemia with at least one of the

symptoms of ischemia

ECG changes indicative of new ischemia [new ST-T changes or
new left bundle branch block (LBBB)]

development of pathologic Q waves in the ECG

imaging evidence of loss of viable myocardium or NEW
regional wall motion abnormality

Universal Definition of Mvocardial Infarction — Circulation 2007

Presentations of Unstable Angina

rest angina

angina occuring at rest or
proloenged, usually > 20 minutes

new-onset angina

new onset angina of at least CCS
Class lll severity

increasing angina

previously diagnosed angina
that has become distinctly more
frequent, longer in duration, or
lower in threshold {i.e. increased
by > 1 CCS Class to at least
Class lll severity

Canadian Cardiovascular Society (CCS) Grading of Angina

Class

Description of Stage

"Ordinary physical activity does not cause... angina"” such as
walking or climbing stairs. Angina occurs with strenuous,
rapid, or prolonged extertion at work or recreation.

"Slight limitation with ordinary activity.” Angina occurs on
waalking or climbing stairs rapidly; walking uphill; walking or
stair climbing after meals; in cold, wind, or under emotional
stress; or only during the few hours after awakening. Angina
occurs on walking 2 blocks on the level and climbing =1 flight
of ordinary stairs at a normal pace and under normal
conditions.

"Marked limitations of ordinary physical activity.” Angina
occurs on walking 1-2 blocks on the level and climbing =1
flight of stairs at a normal pace and under normal conditions.

"Inahility to carny on any physical activity without discomfort -
anginal symptoms may he present at rest.”

ACC/AHA 2002 Unstable angina / NSTEMI guideline update




Assess Likelihood of ACS:

Low Likelihood (e.g9. 1% - 14% likelihood)

e chest pain, “probably not angina” in patients with one or no risk
factors for CAD, but not diabetes

e normal ECG
e T-wave flat or inverted <1 mm

Intermediate Likelihood (e.g. 15% - 84% likelihood)

“definite angina” in patients with no risk factors
e ‘“probable angina” in patients with one or more risk factors

e ‘“probably not angina” in patients with diabetes or with two or three
other risk factors

e patients with extracardiac vascular disease
e ST depression 0.5 -1 mm
e T-wave inversion > 1 mm

High Likelihood (e.g. 85% - 99% likelihood)

e known history of prior AMI or CAD

e ‘“definite angina” in males > 60 or females > 70

e transient hemodynamic or ECG changes during pain

e ST elevation or depression > 1 mm

e Marked symmetrical T-wave inversion in multiple leads

UCLA 2005 Chest Pain and ACS Patient Management Guideline

Likelihood that Signs and Symptoms Indicate ACS secondary to ACS

High Likelihood Intermediate Likelihood Low Likelihood
{greater than $5%) {15%-85%) {less than 5%}
Feature (arey-of the following) (absence of high-lkelithood features (absence of high- or intermeciste-likalihood
and presence of any of the following) festures but may have)l

chest or left arm pain or dizcomfort as chief probable izchemic symptoms in absence

chest ar left arm pain or dizcomfort as chief

Histary symptom reproducing prior documented of any of the intermediste likelihood
symptom
angina characteristics
knowyn history of CAD, inclhiding kil over TO years of age recert cocaine use
miale gender
diabetes

tranzient MR, hypatension, diaphoresis, chest dizcomtort reproduced by

Exam extracardiac wazcular dizease v
pulmoraty edema or rales palpation
new', or presumakly neyy, fransient ST- 1
ECG segment devistion (greater than of equal to fixed Q waves no_rmal o unchanggd ECS Hurn A
epizode of chest dizcomfort
0.05 m%)
ot abnormal ST segments or T waves not T-wave flattening or inversion inleads
documented to be new with dominant B waves)
T-wavg inversion [grester than ar egual to 0.2 normal ECG
m'] weith symptoms
Cardiac markers elevated Tnl, TnT narmal normal

Diagnosis and Treatment of Chest Pain and ACS: Institute for Clinical Systems Improvement 2009
(adapted from Braunwald et al. AHCPR Guideline, Unstable Angina: Diagnosis and Management 1994)




How do you interpret Troponin results?

Troponin value hs TnT Tnl Tnl
i-STAT  Dade

Comment Interpretation

No myocardial necrosis,

Below 99" ile <14 |<0.08]|<0.07 Below 99" ile if > 6 hrs after onset of
symptoms
Possible myocardial injury,
Between 14 s ' in the context of
" also the Troponm'pr.eser)t and suspected ACS,
99" ile | can be distinguished
evel at 0.08 0.07 from background repeat after two (2) hours
which : : (repeat must be > 6 hrs after
and <10% b b onset of symptoms)
variation 0.10 0.21 but cannot be : - .
functional i quantified repeatedly = if notrising, consider
sensitivity reached at this level alternate etiology for
(10% CV) elevated troponin

(see Appendix D)

Definite myocardial
necrosis,
measurements are
reproducible

Above functional

sensitivity >14 |>0.10|>0.21
(10% CV or less)

NSTEMI
when seen in the context of
suspected ACS

e The fact that any troponin elevation exceeding the 99" ile is associated with an increased
cardiac risk is reflected by the recommendation of this cutoff for diagnostic purposes (ESC/ACC
diagnostic criteria for AMI).

e It is important to realize that no troponin assays currently available has a CV less that 10% for
values than the 99" percentile of a normal reference population. Values between the 99" ile
and the level at which a 10% CV are reached have low positive predictive values, resulting in a
considerable risk for diagnostic misclassification.

e Arrising troponin level is required in order to diagnose AMI.

e |n patients with background elevations of troponin (e.g. patients with CRF), two (2)
measurements are required to demonstrate a rising pattern.

e Troponin is specific for heart cell damage - any detectable level indicates myocardial
damage. However, the etiology may be other than ACS

0 see Appendix A for the differential diagnoses of an elevated troponin.

In order to rule-out NSTEMI in a patient at low-risk for adverse outcomes:

« Tnlmust be measured at least 6 hours after the onset of chest pain.

e |Ifthe repeat is less than the 99" ile - AMI is unlikely. But if clinical suspicion remains high, a third
Tnl may be considered.




No Should Troponin always be performed at the time of ED presentation?

e Contemporary troponin assays have improved sensitivity, specificity, and precision at lower
levels. When used serially to detect changes over short intervals, their sensitivity is higher than
that of more traditional injury markers, which obviates the need for creatine kinase-MB or
myoglobin measurement, even in patients with onset of symptoms shortly before presentation.
Current studies have confirmed that contemporary troponin assays can identify the
majority (~80%) of MIs within 3 hours of ED arrival (AHA Statement, Circ 2010).

e For patients with low likelihood of ACS, the diagnostic value of a Troponin drawn at the time of
ED presentation (which is often less than 2 hours after the onset of chest pain) is very low and
very unlikely to permit earlier consultation and/or admission decisions, or to improve ED
throughput. The Troponin measurement may be deferred until six hours after the onset of chest
pain, when a negative Troponin test result may be most helpful.

e In patients with recurrent chest pain, ECG abnormalities, or intermediate to high clinical
suspicion, immediate treatment for presumed ACS should take place, including prompt
consultation when appropriate. In these cases, performing Troponin earlier than six hours may
be permissible.

What is the rationale for two hour intervals between hs Troponin T samples?

Table 3.  Area Under the Receiver Operating Characteristic Curves for the Diagnosis of Acute Myocardial Infarction for Absolute and
Relative Changes in Cardiac Troponin After 1 and 2 Hours From Presentation According to Baseline Cardiac Troponin Levels
AUC (95% CI) B ROC Cutoff Sensitivity Specificity PPV NPV
hs-cTnT
<0.014 ug/L at presentation
1 h (n=540, 7 with AMI)
Absolute change (A) 0.85 (0.61-1.00) 0.027 0.004 86 95 19 100
Relative change (A%) 0.83 {0.59-1.00) 45 86 90 10 99
2 hours (n=396, 6 with AMI)
Absolute change (A) 0.98 (0.96-1.00) 0.052 0.005 100 a5 22 100
Relative change (A%) 0.95(0.91-0.99) 39 100 86 10 100
Reichlin T et al. Utility of Absolute and Relatiwe Changes in Cardiac Troponin Concentrations in the Early Diagnosis of
Acute Myocardial Infarction. Circulation. 2011:124:136-145.

Can single markers be utilized to safely rule out AMI less than 6 hours after

No the onset of chest pain?

e No single serum marker used alone has sufficient sensitivity or specificity to reliably identify or
exclude AMI within 6 hours after symptom onset (ACEP 2006 NSTEMI Clinical Policy).

YES Can TnT be utilized to safely rule out AMI > 6 hours after the onset of pain?

Collinson P - Annal Clin Biochem 2006

e TnT sample 1 was drawn at the time of presentation;
e TnT sample 2 was drawn at six (6) hours from the onset of chest pain and at least two (2)
hours after sample 1.

e In this study, the optimal decision threshold from the ROC curves for TnT was 0.02 ug/L
(=30 ng/L on hs TnT assay).




= The sensitivity of TnT (0.02ug/L cutoff) exceeds 98% if measured at least six (6) hours after the
onset of chest pain, with a negative predictive value (NPV) > 99.9% and a negative likelihood
ratio (NLR) of 0.02.

6 hour Troponin T measurement  (TnT 0.02 ug/L)

L e ' Negative
nT Sensitivity | Specificity Negative Pregictive AUC
sample 2 % % Likelihood value (95%Cl)
was drawn: (95%Cl) (95%Cl) Ratio %

only between
6to 12 hrs 100 98.2 <0.001 100 1.000

after the onset

> (90.7 - 100) (96.6 — 99.2) (0.966 — 1.000)
of chest pain
all times 98 98.3 0.02 99.9 0.989
after 6 hrs (89.4-99.9) (97.1-99.1) (0.999 — 1.000)
Interpretation: If TnT measured > 6 hours is negative, AMI may be safely ruled-out

in patients with a low likelihood of ACS.

Maybe Can Tnl be utilized to safely rule out AMI > 6 hours after the onset of pain?

There are a variety of Tnl assays on the market and they are not all calibrated the same way. The
various TNI assays each have different specifications for the 99" percentile of a normal population and
different specifications for the 10% CV — therefore, a more conservative approach may be warranted.

The 2007 “National Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines: Clinical
Characteristics and Utilization of Biochemical Markers in Acute Coronary Syndromes” state:

“Given the improvements in the analytic performance assay, testing up to 6 — 9 h after symptom
onset is expected to deliver optimal sensitivity in most patients. However, in patients for whom
these initial samples are negative and there is an intermediate or high clinical index of suspicion,
or in whom plausibly ischemic symptoms have recurred, repeat testing at 12 — 24 h should be
considered.”

NoO Does the measurement of CK or CK-MB provide any additional information?

At six hours after the onset of chest pain, troponin alone has a sensitivity for the detection of AMI of
>98%, which exceeds the sensitivity of other single markers or combinations of markers.

Numerous studies have demonstrated that measurement of CK and its isoforms does not improve
diagnostic accuracy for AMI or facilitate more rapid decision-making than TnT or Tnl alone.

In patients with a confirmed MI, serial CK total (not CK-MB) may be used to gauge the relative size
of the infarct.

Recommendation: discontinue use of CK-MB as a cardiac biomarker.

NoO Does the measurement of myoglobin provide any additional value?

Based on the analysis of the studies utilizing myoglobin as a cardiac biomarker, there is insufficient
evidence to justify the potential use of myoglobin as an early marker for AMI.
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Recommendation: discontinue use of myoglobin as a cardiac biomarker.

Risk Stratification into categories defined by ACC/AHA

Tahle 1. Likelihood that Signs and Symptoms Indicate ACS secondary to ACS

High Likelihood Intermediate Likelihood Low Likelihood
Feature Cany of the fallovwing) (abzence of high-lkelihood festures rabzence of high- or intermediste-likelihood
and presence of any of the follovwing) festures but may have any of the
Histar s accelerating tempo of izchemic symptoms in «» prior M, peripheral or cerebrovascular
¥ preceding 48 hours dizeaze, or CABG; prior aspirin use
» prolonged (=20 min) rest angina, now )
Character of pain - * prolonged ongoing (=20 min) rest pain resolved, with moderate or high likelihood of  ® HEw ONSEl aF plotressva CO8 Glass I oE
P P d going ( ) F CAD ! 9 IV angina the past 2 weeks without
prolonged 20 min) rest pain but weith
= rest anging (=20 min) or relieved with rest of  moderate or high likelihood of CAD
MTG

Clinical findings s pulmonary edema, most lkely due toischemia e age =70y

s Nevy or worsening mitral regurgitstion murmur

® 53 or newhvarsening rales

» hypotenzion, bradycardia, tachycardia

s age =TSy

& angina &t rest with transient ST-zegment . . » normal or unchanged ECG during an
ECG changes =005 mY » Towave inversions =0.2 my epizode of chest dizcomfort

* hundle-branch block, nes or presumed new  » pathological & waves

s zystained vertricular tachycardis
Cardiac markers » elevated troponin = notmal troponin = normal troponin

Risk of 30-day MACCE in low-likelihood patients is < 5% (AHA Statement. Circ 2010)

e 30-day MACCE risk in low-likelihood patients was 2.5% using AHCPR criteria — above, without

markers (Medicine, 2009).

Use TIMI risk score to further assess risk

TIMIrisk score: TIMI Risk Score for UAINSTEMI
* age >65 years
» 3 or more risk factors for atherosclerosis 50 - e
« known coronary artery disease % DIMI/Urgent Revascularization 409
» 2 or more episodes of anginal chest pain 40 -
in the preceding 24 hours 30 - 26.9
* Aspirin use in the preceding 7 days 19.9
» ST-segment deviation of > 0.05 mV 20 - 13.2
* elevated troponin 104 47 8.3 . I
To calculate the TIMI score, sum the number o . . . . .
of positive variables (0-7) 01 ) 3 4 5 617

e theincidence of 30-day MACCE in the lowest risk stratum (TIMI score 0) was 1.8%

e The TIMI (Thrombolysis in MI) risk score was developed in high-risk patients with ACS to indicate
prognosis and is not intended to establish a diagnosis in a low-risk heterogeneous population of
patients presenting with chest pain and no objective evidence of ACS (AHA Statement. Circ 2010).

e Although the TIMI risk score is an effective risk stratification tool for patients in the ED with potential

ACS, it should not be used as the sole means of determining patient disposition.

(Diagnostic accuracy of the TIMI risk score in patients with chest pain in the ED: a meta-analysis, CMAJ 2010)
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online resource http://www.mdcalc.com/timi-risk-score-for-uanstemi

Algorithm for risk stratification of patients with unstable angina and NSTEMI

non-cardiac stable unstable

chest pain angina angina NSTEMI STEMI
| e
Clinical finding atggiiﬁal exertional pain rest psiigt‘)gtoesst'AMl’ ongoing pain
ECG negative ST-T wave changes || ST elevation
nT negative positive
Risk assessment low probability low risk medium - high risk STEMI

Cannon — Circulation 2003

Troponin is considered negative:
(when measured > 6 - 8 hrs after the onset of chest pain)

< 3 nglL <0.08 mcoll < 0.07 mcall
OR

=14 ngilL > 0.08 mcg/l > 0.07 mcg/l

and notrising on 2 samples measured at least 2 hours apart
and in context of alternate eticlogy for elevated troponin

Consider discharge of patients with low risk of adverse outcomes if all of the following
are met:

e no recurrent chest pain
e no ECG changes

e negative troponin measured six (6) hrs after the onset of chest pain

For patients with intermediate risk of adverse outcomes (and/or a TIMI risk score > 1),
consider the need of admission or a consult for an accelerated diagnostic protocol
(such as stress testing to be performed prior to discharge or within 72 hours as an outpatient).

Each centre may need to develop local resources to accomplish an accelerated diagnostic
protocol.

See Appendix B: WRHA algorithm for the management of patients with suspected ACS in the ED
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Appendix A

Differential Diagnosis of Elevated Troponin

Table 1 Examples of reported elevations of cardiac fropenin

Primary ischaemic cardiac injury

Thrambatic coronary artery occlusion 5T clevation M|

caused by platelets Tibrin Mon-5T devation M [previously nan-G wave AMI plus tfroponin positive
unstable anging)

Secondary ischaemic cardiac injury

Coronary intervention Frimary FTCA Distal embaolisation from cot or atheroma; side
branch occlusion
Elective PTCA, Distal embolisation fram atheroma or debris;
side branch acclusion
CABG Global ischaemia from inodequate perfusion,
myocardial cell protection or anoxia
Sympathomimetics Covdine
Catecholamine storm Head injury, stroke, intracercbral bleed
Pulmanary embolus Presumed right heart strain ar hypoxia
Coranary artery spasm small percentage of patients anly
Coranary artery embolisatian Clat
Air
CARG
Coranary artery inllammation with  Vasculitides
micravascular occlusion Connedtive tissue discase
SLE
End stage renal Failure Mare severe CAD but 50% have normal coronaries
Rhythm disturbances Pralonged tachyarrhythmia ar bradyarre hythmia with IHD
Acute heart failure Ol iF caused by IHD
Ciroct coranary artery trauma
Edreme endurance exerclse Extreme marathans Wall mation abnormalities
Extreme training cTn +ve deaths presumed caused by extreme

oxpgen debt producing ischaemia
Non-ischaemic cardioc injury

Known causes of myocarditis Infection Bacterial
Wiral
InAg mmeation
Autorimmune Folymyositis
Scleroderma
Sarcoid
Drrugs Alzohal
Chemotherapy
InAg mmeation
Cardioc rauma Direct RT4,
Skabbing
Cardiae surgery
Metabolicfoxic Renal Failure

Multiple argan ailure

AML, acute myocardial infarction; CARG, coronary arery bypass graht; CAD, coronary arlery discase; HD,
ischaemic heart discase; Ml myocardial infarction; FTCA, percutancaous transluminal caronary angiophasty;
RTA, road trallic accident; 5LE, systemic lupus erythematosus,

Collinson - Heart 2003
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endix B

A

WRHA algorithm for the management of patients with suspected ACS in the ED
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