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When is a positive Troponin not 
an NSTEMI?!

“When Troponin was a lousy assay it 
was a great test.  Now that it’s a 

great assay, it’s a lousy test.”

On the relative value of an assay versus a test: a history of troponin for the diagnosis of 
myocardial infarction. Jesse R L, J Am Coll Cardiol 55:2125-2128, 2010. 



Objectives

• Distinguish myocardial injury from myocardial 
infarction.

• Review symptoms that would warrant 
ordering Troponin and EKG.

• Offer a differential diagnosis of myocardial 
injury.

• Review ST- and T-wave changes and renew a 
differential diagnosis, including ischemia.



62-yo male

• PMH: +HTM, +HChol, -DM, -CAD/MI, + 
pancreatic CA, newly Dx liver mets post 
chemotherapy, +PE three months earlier;

• PSH: Whipple, pancreatectomy 3 years earlier;

• Presents to his oncologist office on 2/11/2019 
CC: “throwing up yellow stuff,” denies chest 
pain, DOE, - leg swelling/pain/redness;

• Admitted with NSTEMI based on first Troponin 















Hospital Course

• ECHO ordered to eval for new RWMA, 

• Cancelled because an echo had been done 4 days 
prior to presentation!

• Rescheduled, showed normal LVEF and no new 
RWMA.
– Echo tech tells me patient is acting weird comparing 

before to during admission

• Day three resident calls to ask when the patient 
should be seen by the cardiologist on discharge 
on ASA, beta blocker and statin.











In another vein…..
• 47-yo hypertensive, diabetic female smoker

– Presents with 12 h new onset chest pain

– Associated dyspnea, palpitations

CBC: Hgb/Hct/WBC/Plts 13.1/37/12.1/375

INR/PTT 1.0/24

ABG/pCO2/pO2 7.48/27/55

Troponin 1.2



ED Course

• Patient admitted with NSTEMI

• Interventional cardiology consulted

– Busy in the cath lab, patient hydrated and kept 
NPO for 12:30 pm cath

• Patient requests another cardiologist:

– Who is also busy in the cath lab;

– PA examines patient and orders CTA chest





Hospital Course

• Treated with unfractionated heparin

• Venous Doppler study negative

• Dyspnea resolved in 3-days.

• Because she was told she had an MI, patient 
insisted upon cardiac catheterization.

– (Cardiologist now available.)





Important Questions

• How do we define NSTEMI?

• How is myocardial injury different from 
myocardial infarction?

• What is the prognosis in elevated Troponin
without infarction?

– And why?

How dangerous is it to label the patient with Dx: 
NSTEMI on admission based on one Troponin?



This document was developed by a consensus conference
initiated by Kristian Thygesen, MD, and Joseph S. Alpert,
MD, after formal approval by Lars Ryde´n, MD, President
of the European Society of Cardiology (ESC), and Arthur
Garson, MD, President of the American College of 
Cardiology (ACC). 

“Thus, the current diagnosis of acute MI is a 
clinical diagnosis based on patient symptoms, ECG 
changes and highly sensitive biochemical markers, 
as well as information gleaned from various 
imaging techniques.”











What’s the difference between Type I and Type II MI, between Type II NSTEMI and myocardial injury?









Coding for Myocardial Injury



• I21.4 non-ST-elevated MI

• I74.8 elevated other serum enzyme
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“Myocardial injury is not a benign condition and should not be trivialized 
with awkward and nonsensical monikers such as “troponinemia”; it is 
injury, and should be referred to as such. Information on definitive 
management for these high-risk patients will depend on outcome of 
much-needed clinical trials currently planned or ongoing.”



Classification of Chest Pain

• Typical anginal chest pain:

– Onset with exertion or emotional distress;

– Of a typical character, duration and location;

– Relieved with rest or SL NTG.

• Atypical chest pain:

– 2 of the above

• Non-anginal chest pain:

– 0-1 of the above.





Grocery Store Index
I II III IV





Three Principal Presentations of 
Unstable Angina

• Resting angina: resting onset of > 20 minutes.

• New onset: of at least CCS III severity.

• Crescendo angina:

– Distinctly more frequent, longer duration or lower 
threshold;

– Increasing by at least one CCS class;

– Of at least CCS III severity.

2002 AHA/ACC Unstable angina/NSTEMI guideline update















ESC 2017 Guidelines

• In the proper clinical context, ST-segment elevation (measured at 
the J-point) is considered suggestive of ongoing coronary artery 
acute occlusion in the following cases: 
– at least two contiguous leads with ST-segment elevation ≥ 2.5 mm in 

men < 40 years, ≥2 mm in men ≥ 40 years, or ≥ 1.5 mm in women in 
leads V2–V3 and/or ≥ 1 mm in the other leads [in the absence of left 
ventricular (LV) hypertrophy or left bundle branch block LBBB)].8

– In patients with inferior MI, it is recommended to record right 
precordial leads (V3R and V4R) seeking ST-segment elevation, to 
identify concomitant right ventricular (RV) infarction.8,43

– Likewise, ST-segment depression in leads V1–V3 suggests myocardial 
ischaemia, especially when the terminal T-wave is positive (ST-
segment elevation equivalent), and confirmation by concomitant ST-
segment elevation ≥ 0.5 mm recorded in leads V7–V9 should be 
considered as a means to identify posterior MI.8

– The presence of a Q-wave on the ECG should not necessarily change 
the reperfusion strategy decision.



STEMI







But what about the Cx?



(Am J Cardiol 2019;123:1019−1025)
April 1, 2019 



LM STEMI EKG



Value of reciprocal changes

• Not of value in LBBB, paced rhythm or LVH/strain

• Defined and horizontal or down-sloping ST-depression 
in at least one lead “opposite” to ST-elevations

• Present in 75% of IWMI, only 30% of anterior MI’s, 
“frequent” in lateral MI’s
– Presence of reciprocal changes is supportive of diagnosis 

of STEMI, but absence does not exclude STEMI

• By CMR predict greater area of myocardium at risk

• Predicts increase risk of cardiogenic shock or high 
degree AV-block



Left Bundle Branch Block



RV-pacemaker



• Sgarbossa Criteria (≥3 points is considered positive):
– CONCORDANT ST elevation ≥1mm that is 5 points

– CONCORDANT ST depression ≥1mm in V1-V3 that is 3 points

– DISCORDANT ST elevation ≥5mm that is 2 points

Sgarbossa E et al. Electrocardiographic Diagnosis of Evolving Acute Myocardial Infarction in 
the Presence of Left Bundle-Branch Block. NEJM 1996; 334: 481-487



• Modified Sgarbossa (any one criteria is considered positive):
– First and second criteria are the same.
– The third criterion is changed to ST elevation to S- wave amplitude ratio ≥ 0.25.

• Modified Sgarbossa Criteria vs Original Weighted Sgarbossa Criteria:
– Sensitivity: 80% vs 49 %
– Specificity: 99% vs 100%

• Modified Sgarbossa Criteria vs Unweighted Sgarbossa Criteria:
– Sensitivity: 80% vs 56%
– Specificity: 99% vs 94%

Smith S et al. Diagnosis of ST-Elevation Myocardial Infarction in the Presence of Left Bundle 
Branch Block With the ST-Elevation to S-Wave Ratio in a Modified Sgarbossa Rule. Ann Emerg
Med 2012; 60(6): 766-76



RBBB STEMI



Normal ST-variants

Normal ST-elevation

• J-point far < 50% T-
wave height

• Concave up
• Males under 60-yo up 

to 3 mm most 
prominent in V2, < 1 
mm V5-V6
– Rare > 70-yo

• Rare and usually < 1mm 
in II, III, aVF

• Females usually < 1 
mm, less pronounced in 
limb leads, no age 
differences

N Engl J Med 2003;349:2128-35. 



• J-point elevation ≥ 0.1 mV in 2 or more contiguous leads on 12-lead ECG, 
excluding leads V1 to V3, with the presence of terminal QRS notch or slur 
and QRS duration less than 120 msec (J Am Coll Cardiol 2015; 66(4):470–
477).

• Present in 5-15% of general population, more common in younger patients 
and in African American males.

• In the absence of syncope or family history of sudden cardiac death, early 
repolarization does not merit further workup. 

• Warrants EP-study after unexplained syncope

• High risk features include:
– Inferior or global as opposed to lateral distribution;

– J-wave ≥ 2 mm;

– Notching of the terminal QRS
CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 86 • NUMBER 3 MARCH 2019 

Early Repolarization



J-waves of Osborne

30⚬ C

28⚬ C



Pericarditis

• Stage 1: This stage spans over the first two weeks. There is a 
general concave up ST-elevation in all leads with the exception of 
aVR, V1 and III. PR-depression is also generally seen throughout the 
same leads too. Reciprocal changes are seen only in lead aVR.

• Stage 2: This stage spans over the next 1 to 3 weeks. In this stage, 
there is a normalization of ST changes. There is also a generalized T-
wave flattening in all the leads. This stage is also called the 
pseudonormalization stage as the ECG gets normal in this transition 
period before more changes are observed.

• Stage 3: This stage starts after three weeks for the next several 
weeks. It is characterized by diffuse T-wave inversion of the 
previously flattened T-waves.

• Stage 4: After the next several weeks, the ECG goes back to 
normalization and this marks the fourth stage of pericarditis.



Myocarditis

• Sinus tachycardia

• Afib

• QRS, QT prolongation

• Diffuse T-wave 
inversion

• AV block

• Ventricular arrhythmias
Improved outcomes with ACEI, statins
Equivocal benefit with beta blockers
No benefit/increased bleeding with DAPT

(Review the cath film!)



Pulmonary Embolism ST-elevation

• EKG normal 18%.

• ST 44%

• RV strain (TWI V1-V3 ±
inferior leads) 34%

• RAD 16%

• P-pulmonale 9%

• S1Q3T3 < 20%

• Afib/flutter/tachy 8%



Hyperkalemia
• Bradycardia
• Peaked T-waves: > 50% of R-wave
• Loss of P-waves, but regular rhythm
• QRS widening, slurring of ST- into T-wave
• Short QT





Brugada Variations



J Am Heart 
Assoc. 2016;5: 
e003418 



Takatsubo v STEMI EKG

ST-elevation ST-depression

T-wave inversion



Takatsubo v STEMI by EKG
Distinguish -aVR from aVR!



ST-depression

• Ischemia
• Reciprocal changes
• In V1-V3 posterior MI
• LVH with strain

• Ischemia
• Reciprocal changes
• In V1-V3 posterior MI
• Hypokalemia
• Hyperventilation

• Exercise
• Tachycardia
• deWinters sign (with peaked T-

wave)
• Quinidine



Myocardial ischemia

ST depression and T wave 
changes

• New horizontal or down-
sloping ST-depression ≥0.05 
mV in two contiguous leads 
and/or T inversion ≥0.1 mV 
in two contiguous leads 
with prominent R wave or 
R/S ratio ≥1. 



LVH
• The Sokolow-Lyon index:

– S in V1 + R in V5 or V6 (whichever is larger) ≥ 35 mm
– R in aVL ≥ 11 mm

• The Cornell voltage criteria:
– S in V3 + R in aVL > 28 mm (men)
– S in V3 + R in aVL > 20 mm (women)

• The Romhilt-Estes point score system ("diagnostic" >5 points; 
"probable" 4 points):
– Voltage Criteria (any of): (3 points)

• R or S in limb leads ≥20 mm
• S in V1 or V2 ≥30 mm
• R in V5 or V6 ≥30 mm

– ST-T Abnormalities:
• ST-T vector opposite to QRS without digitalis (3 points)
• ST-T vector opposite to QRS with digitalis (1 point)

– Negative terminal P mode in V1 1 mm in depth and 0.04 sec in 
duration (3 points)

– Left axis deviation (QRS of -30° or more) (2 points)
– QRS duration ≥0.09 sec (1 point)
– Delayed intrinsicoid deflection in V5 or V6 (>0.05 sec) (1 point)



Digoxin
• Coved ST-changes

• Peaked T-waves

• Short QTc

• Flattened P-waves



Hypokalemia



Inverted T-waves

Primary T-wave inversion

• LBBB

• RBBB

• IBBB/IVCD

• PVC’s

• WPW

• RV-strain: PE

Secondary Changes

• Post myocardial ischemia

• Persistent juvenile TWI

• Contrast dye injection

• Intermittent BBB-memory

• Post pacing-memory

• Post tachycardia-memory

• Hypertrophy, LV (including 
apical), RV

• Pericarditis

• Cardiomyopathy

• Cerebral
(And then there’s pseudonormalization….)



(RBBB, RAD, “clockwise rotation” right precordial T-wave inversion, S1Q3T3)

Pulmonary Embolism redoux



Wellens Syndrome



So what are Non-specific ST- and T- Changes?

Circulation, Volume XXIII, May 1961 



ECG Changes
Associated With Prior Myocardial Infarction

• Any Q-wave in leads V2–V3 ≥0.02 sec or QS-
complex in leads V2 and Vr.

• Q-wave ≥0.03 sec and ≥0.1 mV deep or QS 
complex in leads 1, II, aVL, aVF or V4–V6 in 
any two leads of a contiguous lead grouping 
(1, aVL; V1–V6; II, III, aVF). 

• R wave ≥0.04 sec in V1–V2 and R/S ≥1 with a 
concordant positive T-wave in absence of 
conduction defect. 



PLEASE……
• Use Troponin judiciously, for real symptoms, even marginal symptoms, but 

not for non-specific symptoms.
• Read the squiggly lines on the pink paper before labeling someone with a 

diagnosis that will change the course of their admission.
• Don’t diagnose/admit/ a patient with NTEMI on the basis of one Troponin.
• Repeat Troponin in three hours and again next scheduled blood draw….

– Look for a rise and fall
– Look for one reading greater than 3 SD above a mean

• Check your lab’s assay for mean and standard deviation and make sure label on results 
accurately reflects the medical standard.

• Detected but less than 3 SD above mean is negative, not “equivocal, borderline or 
indeterminant”

• Distinguish between myocardial injury and myocardial infarction despite 
the coders.

• Know a differential for a positive Troponin and consider an alternative 
diagnosis
– Especially where there is no rise and fall

• Consider alternative means of confirming NSTEMI (RWMA by echo, 
nuclear scintigraphy) before ushering the patient to the cath lab for a 
stent.

• Remember the art of reading, interpreting and teaching EKG’s.


