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Overview of ACS

• STEMI (Q wave MI)

• ST-segment elevation or new LBBB

• Positive cardiac biomarkers of necrosis (Troponin)

• NSTE-ACS
• NSTEMI

• Positive cardiac biomarkers

• ± depression,  transient ST elevation, prominent T wave inversions

• UA

• Negative cardiac biomarkers

• ± depression,  transient ST elevation, prominent T wave inversions



Pathogenesis of ACS 
1. Normal artery

2. Extracellular lipid in subintima

3. Fibrofatty stage

4. Procoagulant expression and 
weakening of fibrous cap

5. Disruption of fibrous cap, 
stimulating thrombogenesis

6. Thrombus resorption, may be 
followed by collagen accumulation 
and smooth muscle growth
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Basics of coronary artery perfusion

Supply and Demand

 

• What can decrease supply?

• What can increase demand?



Third Universal Definition of MI



Rise and/or fall of cardiac biomarker values with at least one value >99th percentile with at least one of the following:
 

1. Symptoms of ischemia
2. New or presumed new significant ST segment or T wave changes or new LBBB
3. Development of pathological Q waves
4. Imaging evidence of new loss of viable myocardium or new regional WMA
5. Identification of IC thrombus by angiography or autopsy



Classification of Acute MI
• Type 1:

• Spontaneous MI related to ischemia due to primary coronary event such as plaque rupture

• Type 2:
• MI secondary to ischemia due to either increased oxygen demand or decreased supply

• Type 3:
• Sudden unexpected cardiac death with coronary event prior to troponin evaluation 

• Type 4a:
• MI associated with PCI

• Type 4b:
• MI associated with stent thrombosis 

• Type 5:
• MI associated with CABG



Diagnosis

• Clinical story

• Physical exam

• Risk factors / Risk scores

• Cardiac biomarkers

• ECG

• Imaging (Echo)



Diagnosis – Clinical Story

• Anginal chest pain
1. Substernal

2. Brought on by exertion or emotional stress

3. Relieved by rest or nitroglycerin*

 



Results: 

• Nitroglycerin relieved chest pain in 39% of patients (181/459) admitted through the ED who received nitro from EMS 
or ER staff

• 35% had chest pain relief with nitro in patients with active coronary artery disease as cause of chest pain

• 41% had chest pain relief with nitro in patients without active coronary artery disease as cause of chest pain

Conclusion: In a general population admitted for chest pain, relief of pain after nitro treatment does not predict active 
coronary artery disease and should not be used to guide diagnosis.



Diagnosis – Clinical Story

• Anginal chest pain
1. Substernal

2. Brought on by exertion or emotional stress

3. Relieved by rest or nitroglycerin*

• Typical Anginal – meets all 3 criteria

• Atypical Angina – meets 2 of 3 criteria

• Non-anginal CP – meets 0-1 of 3 criteria

 





Physical Exam

• CAN BE NORMAL

• VS: BP in both arms (dissection, tamponade)

• Signs of LV dysfunction: Rales, S3 gallop

• S4, Murmur, Rub

• Chest wall tenderness



Risk Factors

• Hypertension

• Diabetes Mellitus

• Hyperlipidemia

• Tobacco abuse

 

 

• Obesity

• Family Hx premature CAD

• Personal Hx CAD

• Age

 



Risk Scores

Must be applied to correct patient – Do not use on patient without ACS

Used to predict adverse events based on observational data

• TIMI

• GRACE

• HEART



Risk Score – NSTEMI/UA TIMI
TIMI Risk

Score
All-Cause Mortality, New or Recurrent MI, 
or Severe Recurrent Ischemia Requiring 
Urgent Revascularization Through 14 d 

After Randomization, %

0–1 4.7

2 8.3

3 13.2

4 19.9

5 26.2

6–7 40.9



Risk Score – STEMI TIMI
TIMI Risk

Score
30 Day Mortality After MI, %

0 0.8
1 1.6
2 2.2
3 4.4
4 7.3
5 12
6 16
7 23
8 27

9-14 36



Risk Score - GRACE
In-hospital, 6 month, 1 year and 3 year risk of death/MI

Risk Category GRACE risk score In-hospital death %

Low <108 <1

Intermediate 109-140 1-3

High >140 >3

Risk Category GRACE risk score Post DC to 6 
month death %

Low <88 <3

Intermediate 89-118 3-8

High >118 >8



Risk Score - HEART
HEART 

Risk
Score

Risk of adverse cardiac event defined as 
all-cause mortality, MI or coronary 

revascularization in 6 weeks %

0–3 0.9 – 1.7

4-6 12 – 16.6

�7 50-65



Killip Class

Classification that categorizes patients with an acute MI based upon presence of 
absence of physical exam findings that suggest LV dysfunction and heart failure.

 

 Class I No evidence of heart failure

Class II Findings consistent with mild to moderate HF 

Class III Overt pulmonary edema

Class IV Cardiogenic shock



Cardiac Biomarkers

• Troponin

• CK-MB

• Myoglobin

• High Sensitivity Troponin*



ECG

LVH LBB
B

Pericarditis Hyper-K ASMI
ASMI+ 
RBBB Brugada



Case #1

55 yo male veteran with PMHx HTN, HLP and hx Tobacco abuse who presented 90
minutes after onset of chest pain. 8/10 substernal chest heaviness with radiation to 
neck during intercourse with his wife. Symptoms spontaneously resolved with rest. 
Associated dizziness, nausea and diaphoresis. Chest pain free in ER. 

VS: BP 144/88, HR 57, 97% RA

EKG: to follow

Labs: Troponin < 0.10, BNP <10, Cr 1.12, Hb15.3, Plts 209, INR 1.0



EKG

 



What now?

1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. STEMI – Initiate cath lab

4. No ACS protocol – Chest pain free, troponin negative, EKG nonspecific

5. Turn pager off and hide

 

TIMI: 2 | GRACE : 64 points

 



What now?

1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. STEMI – Initiate cath lab

4. No ACS protocol – Chest pain free, troponin negative, EKG nonspecific

5. Turn pager off and hide

 

TIMI: 1 | GRACE : 64 points

 

Next day: Troponin 0.79 (02:00) -> 4.27 (06:00)

TIMI: 3 | GRACE: 77 points





Case #2

77 yo female with PMHx DM2, HTN and previous tobacco abuse presents with 2-3 
day history of hot flashes, malaise with increasing exertional dyspnea. Admits to 
substernal chest pressure associated with dyspnea. No history of CAD.

VS: BP 108/88, HR 85, 94% RA

EKG: to follow

Labs: Troponin 5.2, BNP 340, Cr 1.12, Hb 14.8, Plts 300, INR 1.1





What now?

1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. New LBBB (STEMI)– Initiate cath lab

4. Find an old EKG 

5. Turn pager off and hide

 



What now?

1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. New LBBB (STEMI)– Initiate cath lab

4. Find an old EKG 

5. Turn pager off and hide

 





What now?

1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. New LBBB (STEMI) – Initiate cath lab

4. Turn pager off and hide

 

TIMI: 4 | GRACE: 148



What now?

1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. New LBBB (STEMI) – Initiate cath lab

4. Turn pager off and hide

 

TIMI: 4 | GRACE: 148



Case #3

59 yo male with PMHx DM2 and HTN presented to OSH with 2 day history of 
fatigue and jaw pain. Found to have NSTEMI with multivessel CAD including 
severe LAD disease, mild LCx disease with proximal CTO of nondominant RCA. 
Several hours post angiogram, patient developed respiratory failure and 
cardiogenic shock. Emergently transferred to BUMC-P for higher level of care and 
ECMO. 

PE: Left lower sternal border holosystolic murmur



Differential diagnosis for mechanical complications 
post MI with cardiogenic shock?
• LV free wall rupture: 5 -14 days

• Incidence 3-6% post-MI patients with 10% mortality after AMI
• DOA or Any effusion on post MI patient with hemodynamic collapse

• Interventricular  septum rupture (apical vs basal): 2-5 days (early as 16hrs)
• Incidence 4% in SHOCK registry (lytics), 0.2% GUSTO I trial (PCI)
• Mortality: 100% without surgery, 87% with surgery
• Tx: Supportive care (vasodilators, inotropes, mechanical support) until surgery

• Acute mitral regurgitation: 2-5 days
• Pap muscle rupture or pap muscle tethering due to hypokinesis 
• Incidence 7% in SHOCK registry
• No murmur/gradient, no left atrial enlargement
• Tx: Same as VSD



VSD ECHO





Case #4

19 yo male with PMHx tobacco abuse and IDDM with multiple admissions for DKA 
presents to ER after waking up with stuttering, nonspecific, substernal chest pain. 
Denies radiation of pain or associated dyspnea, palpitations, nausea or 
diaphoresis. Waited in triage before EKG.

VS: BP133/83, HR 74, 98% RA

EKG to follow

Troponin pending





What now?
1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. STEMI – Initiate cath lab

4. No ACS protocol 

5. Turn pager off and hide

Troponin: 161 ng/ml



What now?
1. ACS protocol – This represents NSTEMI

2. ACS protocol – This represents UA

3. STEMI – Initiate cath lab

4. No ACS protocol 

5. Turn pager off and hide

Troponin: 161 ng/ml







ACS Management



ACS Guidelines





STEMI Therapy

TO THE CATH LAB!



Primary PCI in STEMI



NSTEMI Therapy

• Initial treatment – MONA**

 

• ABCs:
• Aspirin, Anti-platelet, Anti-thrombotic, Anti-anginal, ACEi/ARB

• Beta-blocker

• Cholesterol (statin)



Anti-thrombotic therapy
Agent Mechanism Pro Con

UFH Inhibits Xa and thrombin 
(via ATIII)

Easy to assess effect, 
quick on/quick off

Variable response, HIT, 
lab draws

LMWH Inhibits XA and thrombin 
(via ATIII)

Ease of use, less platelet
activation

Measuring effect, HIT

Bivalirudin Direct thrombin inhibitor Easy to assess affect, 
short half life, no HIT

ONLY FOR INVASIVE 
APPROACH

Fondaparinaux Indirect Xa inhibition Once daiy Once daily, only for 
conservative tx





Anti-platelet

• Aspirin: 325 mg load, 81 mg daily

• P2Y12:
• Thienopyridines (indirect inhibitors): 

• Clopidogrel  (Plavix): 300 or 600 mg load, 75 mg daily

• Prasugrel (Effient): 60 mg load, 10 mg daily

• Direct inhibitors: 
• Ticagrelor (Brilinta): 180 mg load, 90 mg BID

• Cangrelor (Kengreal)



P2Y12 Inhibitors









Anti-anginal

• Nitroglycerin
• No mortality benefit

• Mechanism: selective coronary vasodilation

• CAUTION: Decrease pre-load
• Do not use in pre-load dependent RV infarct

• Careful if severe AS



Medical Therapy





NSTEMI Summary

• Serial ECG and cardiac biomarkers

• ABCs
• ASA 325mg then 81mg QD

• Anti-platelet (Clopidogrel 600mg or 300mg then 75mg QD)

• Anti-thrombotic (UFH)

• Anti-anginal (SL NTG or NTG drip)

• Beta-blocker (PO Metoprolol)

• Cholesterol (High intensity Rosuvastatin or Atorvastatin)



NSTEMI Treatment pathway







HIGH SENSITIVITY-CARDIAC 
TROPONIN T
hs-cTnT

7/10/2018:
Start at BUMC-P



Hs-cTnT  Why change? 
 

 





Reporting- How do we avoid confusion in reporting of results?
Current reporting has a line for Troponin I.  After the transition, 
4 lines of reporting will be available if data is in them.  

Troponin T, high sensitivity ng/L
Troponin I, (Backup) ng/mL
Troponin T Contemporary ng/mL

Each of these 4 will have their own reporting line with their own reference values and will be 
reported regardless of where the result is obtained.  
(Only Washakie is reporting the cTnT currently).  
Note the difference in reporting units.

 



For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

 2 hr change in lab value
(increase or decrease)

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

4 hr change in lab 
value from baseline  

Repeat Lab at 2hr  

Repeat Lab at 4hr  

Use in evaluation of suspected ACS



For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

 2 hr change in lab value
(increase or decrease)

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

4 hr change in lab 
value from baseline  

Repeat Lab at 2hr  

Repeat Lab at 4hr  



For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

 2 hr change in lab value
(increase or decrease)

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

4 hr change in lab 
value from baseline  

Repeat Lab at 2hr  

Repeat Lab at 4hr  

 
Delta or Change (Increase or Decrease)
in value is compared to the initial value



For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

 2 hr change in lab value
(increase or decrease)

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

4 hr change in lab 
value from baseline  

Repeat Lab at 2hr  

Repeat Lab at 4hr  

 
Delta or Change (Increase or Decrease)
in value is compared to the initial value

 



Admit or Place in Obs
Document Severity
Additional Cardiac 

Evaluation Indicated 

Critically High  >=100 ng/L
MI or ACS

(or myocardial injury from myocarditis, PE, 
Takotsubo, etc.)

For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

NORMAL   <12 ng/L
 

ELEVATED  12-99
Myocardial Injury 



 

No MI- Follow up with 
Outpatient Provider

<4 ng/L 

>=10 ng/L

Admit or Place in Obs
Document Severity
Additional Cardiac 

Evaluation Indicated 

4-9 ng/L

For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

 

 

 

 
2 hr change in lab value
(increase or decrease)

All Patients
Repeat Lab at 2hr  

 >=10 ng/L4-9 ng/L

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

ED or Observation
 

 

 <4 ng/L 

4 hr change in lab 
value from baseline  

Repeat Lab at 4hr  

Evaluate for 
non-ACS source of troponin, late presentation MI, etc.

Consider non-invasive testing for CAD

NORMAL   <12 ng/L



 

ELEVATED  12-99 ng/L
Myocardial Injury

No MI- Follow up with 
Outpatient Provider

<4 ng/L 

>=10 ng/L

Admit or Place in Obs
Document Severity
Additional Cardiac 

Evaluation Indicated 

4-9 ng/L

For STEMI patient– activate CARDIAC ALERT

Initial hs-cTnT 
Lab Value

 

 

 

 

 
2 hr change in lab value
(increase or decrease)

All Patients
Repeat Lab at 2hr  

 >=10 ng/L4-9 ng/L

Evaluation of chest pain must integrate clinical, EKG, and hs-cTnT information.
Clinical care must not be based on lab values alone. 

ED or Observation
 

 

 <4 ng/L 

4 hr change in lab 
value from baseline  

Evaluate for 
non-ACS source of troponin, late presentation MI, etc.

Consider non-invasive testing for CAD

Repeat Lab at 4hr  

or





 

 

52 y/o Male with chest pain
Abnormal EKG
ST elevation



 

 

 

 

 

48 y/o female with Chest Discomfort
Nonspecific EKG Changes
t=0hr  hs-cTnt 6 ng/L
t=2hr hs-cTnT 8 ng/L



 

 

74 y/o female with Chest Discomfort
Nonspecific EKG Changes
t=0hr  hs-cTnt 152 ng/L



 

 

62 y/o Male with Chest Discomfort
Nonspecific EKG Changes
t=0hr  hs-cTnt 36 ng/L
t=2hr hs-cTnT 49 ng/L



 

 

 

52 y/o male with Chest Discomfort
Nonspecific EKG Changes
t=0hr hs-cTnt 28 ng/L
t=2hr hs-cTnT 26 ng/L
t=4hr hs-cTnt 25 ng/L



Impact in cardiac surgery. 
• hs-cTnT will rise after cardiac surgery. 

• Rise is more prominent when sympathomimetics  are given 
perioperatively

• Consider obtaining a baseline hs-cTnT  level prior to surgery so an 
elevated post op level can be put in appropriate perspective.   

Additional considerations
• hs-cTNT will be decreased with hemolysis- as much as a 20% decrease

• The lab will not report hemolyzed specimens.  
• The lab will call for a redraw on hemolyzed specimens. 

• Hs-cTnT will rise when sympathomimetics  are given


