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Physical Location in Thoracic Cavity

Aortic valve ï2d rib/intercostal space, right sternal border

Pulmonic valve ï2d intercostal space left sternal border

Tricuspid valve ï5th rib, left sternal border

Mitral valve & PMI ï5th intercostal space ïleft mid-clavicular line
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Structural Organization of the 

Myocardium
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Gross Anatomy ïAnterior View
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Gross Anatomy ïPosterior View
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FOCUS:  Coronary Arteriesô Origins
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16. RCA

17. CXA

18. LADCA

19. LCA

8.  Ascending aorta

http://bartleby.com/107/138.html#i497


Plaque Formation and Balloon 

Angioplasty

Link for angioplasty with stent placement

Link to angioplasty 8

http://healthinformatics.wikispaces.com/file/view/4-balloon-angioplasty-and-stenting.png/95777352/4-balloon-angioplasty-and-stenting.png
http://heartcurrents.com/wp-content/uploads/2010/01/angioplasty_heartcurrents020110.jpg


Coronary Artery By-pass Graft -- CABG

CXA:  blood to LA, lateral 
wall LV, 
Inferior/diaphragmatic area 
of LV

LAD:  blood to anterior and 
apex of LV, anterior 2/3 of 
septum

RCA:  blood to SA node, RA 
and RV, 
inferior/diaphragmatic LV
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Heart Valves and Heart Sounds

AV Valves and S1

ÅVentricles contract and eject blood into 
pulmonary trunk and aorta

ÅBlood ALSO sent towards AV valves

ÅBlood HITS/SLAPS valves; valves press into 
atria; before valves press all the way into the 
atria, papillary muscles contract, pull on chordae 
tendinae which holds valves taut

ÅBlood leaves ventricles through vessels NOT 
through AV valves
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SLV Valves and S2

ÅVentricles relax and blood falls back through 
pulmonary trunk and aorta

ÅBlood slaps back into cusps of SLV valves, filling 
cusps, closing valves

ÅBlood goes to lungs and body through vessels 
NOT through SLV valves back to ventricles

ÅConcurrently, blood fills the coronary arteries, 
TOO ïRCA and LCA origins are superior to 
aortic valve

Heart Valves and Heart Sounds
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Blood Flow Review
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Blood Flow Review -- 2
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Heart Murmur

ÅA ñwhooshingò, blowing sound heard as 

blood flows through incompetent valves, 

i.e., valves that are not closed tightly for 

one reason or another

ÅMay not necessarily drive heart or valvular 

disease
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Myocardial Contraction -- 1

Isometric Contraction

ÅA muscle is held at a fixed length and increasing tension;  
no movement occurs, e.g., pushing against a building 
wall

ÅE.g., in walking:  keeps limb stiff as it touches the ground

ÅHolding barbed wire fence up for buddies to dive through

Åaka STATIC exercise, e.g., sustained hand grip

ÅImpedes blood flow mechanically:  requires increased 
cardiac output due to increased HR, with a >> increase 
in BP

Åaka Strength/Power Building Exercise
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Isotonic Contraction

ÅShortened stimulated muscle with no 

increase in tension

ÅMovement occurs

ÅE.g., in walking:  causes leg to bend and 

lift upward

ÅLifting an object with movement

Myocardial Contraction -- 2
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Electrical Events During Myocardial Contraction/Relaxation

EARLY systole = 

primarily ISOMETRIC

LATER systolic = 

primarily ISOTONIC 17



Sodium:Calcium Exchange:  1 (See ñ1ò in the graphic; ñCMò = cell membrane; ñmitoò 

= mitochondrion; ñCMò = calmodulin; ñSRò = sarcoplasmic reticulum) -- Requires two 

sodium ions to go the opposite direction for every calcium ion that goes into or out 

of the cell, respectively.

Calcium:ATPôase Efflux:  3 -- an 

energy driven mechanism (at the 

expense of ATP) that removes 

calcium ions from our cells.

Calcium Sequestration:  4 -- an 

intracellular mechanism by which our 

cells sequester calcium ions by 

"tying" them up in the mitochondrion 

of the cell, the sarcoplasmic 

reticulum or by calmodulin.
18



ÅReceptor Mediated Calcium Ion Influx Mechanism:  2 -- The calcium ion 

channel we can control is the receptor-mediated calcium ion influx 

mechanism. 

ÅWe can turn this channel off using calcium ion channel blockers such as 

verapamil (Calan or Isoptin) which effects both smooth and cardiac 

muscle, diltiazem (Cardizem) which effects both smooth and cardiac 

muscle or nifedipine (Procardia) which effects smooth muscle. 

ÅWe can turn this channel on, as well, with drugs like nitrendipine (lowers 

blood pressure), nimodipine (Nimotop; causes cerebrovascular dilation) or 

amlodipine (Norvasc; lowers blood pressure). 
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Grey thick bars are the 

intercalated disks; 

thin blue bars are the striations 

found in myocardiocytes; 

red thick bars represent the cell 

membrane; 

purple oval a Na+ -- Ca2+

exchange transport protein; 

green rectangle a  H+ -- Na+

transport protein; 

numbers in yellow indicate the 

direction of ionic transport
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One of the biggest concerns 

clinicians have regarding heart 

health during a myocardial 

infarction (MI; heart attack) is 

that the [H+] may increase due 

to a build-up (and dissociation) 

of lactate and/or fatty acids, 

which may contribute to a 

metabolic acidosis in the heart 

muscle, which will thus kill more 

and more heart muscle.  

This process is rendered even 

more critical in that as the H+ are 

exchanged OUT of the cardiac 

cells to compensate for the 

intracellular metabolic acidosis, 

Na+ and Ca2+ exchange occurs 

leading to excessively high 

levels of Ca2+ in the cells which 

may progress to further cell, 

and, hence, organ, death. 21



Cardiac ñCircuit Diagramò -- Homeostasis
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Cardiac Circuitry
Carotid Sinus Massage

1. 5-10 seconds

2. Unilaterally

3. Patient must be supine

4. When no bruit is present!!! (bruit:  
murmurs heard best over carotid 
bifurcation; not of cardiac origin; 
caused by partial obstruction of the 
carotid)

5. Use an EKG and obtain BP

6. Pt must have no hx of TIA (­ >¬ôd 
risk of CVA)

Causes Vasovagal Response

1. Vasodepressor response (BP reduced 
by ²50 mm Hg)

2. Cardioinhibitory response (®HR by ²
3 second sinus pause)
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Carotid Massage Mechanism

ÅCarotid Sinus 

Massage not 

used much, 

any more ïif 

at all.

ÅPeriodically, 

one will run 

across its 

use in the 

literature or 

online

ÅAdenosine 

used now

24



Carotid Sinus Syncope

ÅSyncope ¹is temporary 

loss of consciousness and 

posture, described as 

"fainting" or "passing out." 

It's usually related to 

temporary insufficient 

blood flow to the brain. 

ÅAnother way to define it is 

that of the room spinning 

around you.

ÅOf Cardiac origin

ÅVertigo ¹a sensation 

of spinning [around the 

room or wherever you 

may be].

ÅOf Neurological origin
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Vasovagal Response
Å A vasovagal episode or vasovagal response or vasovagal attack

(also called neurocardiogenic syncope) is mediated by the vagus 
nerve. When it leads to syncope or "fainting", it is called vasovagal 
syncope, which is the most common type of fainting.

Å Prior to losing consciousness, the individual frequently experiences 
a prodrome of symptoms such as lightheadedness, nausea, 
diaphoresis, tinnitus, uncomfortable feeling in the heart, weakness 
and visual disturbances such as lights seeming too bright, fuzzy or 
tunnel vision. 

Å These last for at least a few seconds before consciousness is lost 
(if it is lost), which typically happens when the person is sitting up or 
standing. When sufferers pass out, they fall down (unless this is 
impeded); and when in this position, effective blood flow to the brain 
is immediately restored, allowing the person to wake up.

Å Tabor's describes this as the "feeling of impending death" caused 
by expansion of the aorta, drawing blood from the head and upper 
body.
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ÅIf chronic and due to cardioinhibitory 

response (head turned, tight shirt collar), is 

ñfixableò with permanent pacing

ÅOther tx ¹surgical removal, by stripping, 

of nerves from the carotid artery above 

and below the bifurcation

Carotid Sinus Syncope
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Electrical System of the Heart -- 1
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Overview of Normal Cardiac Cycle EKG 

Complex
ÅP wave = atrial contraction

ÅQ-R = AV node

ÅR-S = Bundle of His

ïQRS = ventricular 

depolarization

ÅST = artifact

ÅT wave = ventricular 

repolarization

ÅU waves are thought to 

represent repolarization of the 

papillary muscles or Purkinje 

fibers; normally seen in 

younger, athletic individuals.29



Long QT Syndrome

30

The electrical activity that occurs between 

the Q and T waves is called the QT interval. 

This interval shows electrical activity in the 

heart's lower chambers, the ventricles.

The term "long QT" refers to an abnormal 

pattern seen on an EKG 

(electrocardiogram). 

The timing of the heart's electrical activity is 

complex, and the body carefully controls it. 

Normally the QT interval is about a third of 

each heartbeat cycle. However, in people 

who have LQTS, the QT interval lasts 

longer than normal.

A long QT interval can upset the careful 

timing of the heartbeat and trigger 

dangerous heart rhythms.



Long QT Syndrome, Contôd
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On the surface of each heart muscle 

cell are ion channels. 

Ion channels open and close to let 

electrically charged sodium, calcium, 

and potassium atoms (ions) flow into 

and out of each cell. 

This generates the heart's electrical 

activity.

In people who have LQTS, the ion 

channels may not work well, or there 

may be too few of them. This may 

disrupt electrical activity in the heart's 

ventricles and cause dangerous 

arrhythmias.



Å LQTS often is inherited, which means 

you're born with the condition and have it 

your whole life. There are seven known 

types of inherited LQTS. The most 

common ones are LQTS 1, 2, and 3.

Å In LQTS 1, emotional stress or exercise 

(especially swimming) can trigger 

arrhythmias. 

Å In LQTS 2, extreme emotions, such as 

surprise, can trigger arrhythmias. 

Å In LQTS 3, a slow heart rate during sleep 

can trigger arrhythmias.

Å You also can acquire LQTS:  you develop 

it during your lifetime. Some medicines 

and conditions can cause acquired LQTS.
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Long QT Syndrome, Contôd

http://www.nhlbi.nih.gov/health/health-topics/topics/qt/

http://www.nhlbi.nih.gov/health/health-topics/topics/qt/
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Long QT Syndrome, Contôd

http://www.nhlbi.nih.gov/health/health-topics/topics/qt/

Å Lifestyle changes and medicines can help 

people who have LQTS prevent 

complications and live longer.

Å Some of these lifestyle changes and 

treatments include:

ï Avoiding strenuous physical activity or 

startling noises.

ï Adding more potassium to your diet (as 

your physician advises).

ï Taking heart medicines called beta 

blockers. These medicines help prevent 

sudden cardiac arrest.

ï Having an implanted medical device, 

such as a pacemaker or implantable 

cardioverter defibrillator. These devices 

help control abnormal heart rhythms.

http://www.nhlbi.nih.gov/health/health-topics/topics/qt/


Isoelectric Line & Correlation of EKG 

with Heart Sounds
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http://www.nhlbi.nih.gov/health/health-topics/topics/qt/

EKG Electrodes -- Organization



EKG Electrodes -- Organization

Å 2 electrodes on each calf ïmedial gastroc, fleshy, away from bone

Å 2 electrodes on each forearm ïfleshy, away from bone

Å 6 electrodes on chest (for 12 lead EKG):

Å V1ï4th intercostal space, right sternal border

Å V2ï4th intercostal space, left sternal border

Å V3ïhalf way between V2 and V4

Å V4ï5th intercostal space, mid-clavicular line (MCL)

Å V5ï5th intercostal space, anterior axillary line

Å V6ï5th intercostal space, left mid-axillary line

Å In women with large breasts, move the breasts for electrode placement 
as necessary

Å Men:  ALWAYS take a female employee (e.g., RN, CNA, LPN) with you 
when doing an EKG on a female patient

Å 10 electrodes give 12 leads
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Electrocardiographic Primer

ÅRepresentative Arrhythmia Strips

ÅInfarcts

ÅAxis Determination

ÅBundle Branch Blocks

ÅAtrial and Ventricular Hypertrophies

ÅThis will NOT turn you into a cardiologist over 
night ïit WILL prepare you for your future career 
path comfortably.
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EKG Standard and Heart Rate 

(Rule of 300)

ÅStandard on an EKG = 2 big squares = 1 mV 38



Pacemaker artifacts -- 1

ÅPacers ñclickò up, down or both

ÅFifth complex is the patientôs own QRS Complex

39



Pacemaker artifacts -- 2
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Normal Sinus Rhythm (NSR); 

Bradycardia

ÅHas P wave ïhas to be of sinus origin

ÅR waves far apart ïslow rate

41



NSR -- Tachycardia

ÅRule of 300

ÅR waves close together ïfast rate

ÅHas P wave ïhas to be sinus
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Atrial Natriuretic Hormone ïANF, ANP, ANH --

atriopeptin
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Nocturia, [C]HF and ANH

Nocturia

CHF

BOTH Atria AND 

Ventricles

Highest levels of ANH 

observed

PAT

Atrial Distension

Atria release ANH

Within 15-30 min, some 

patients with PAT see 

increased urine output

Classical diuresis seen 

with PAT

Nocturia ¹due to increased left atrial pressure and is ¹an abnormally large amount of urine at 
night ïNOT increased frequency in urination!!!!

OCCASIONALLY, ANH is increased in hypertension BUT not enough for a direct relationship 
between ANP and hypertension.
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Ventricular Failures

ÅRight ventricular failure

ÅEdema of extremities

ÅLeft ventricular failure

ÅPulmonary edema
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Ejection Fraction
Å= % of blood in the LEFT 

ventricle that is ejected 
per beat

ÅThis method used to be 
invasive

ÅNormal in 2 planes is 
67°9%

ÅPerformed with 2-D 
echocardiography and 
computers

ÅComputer calculates 
ratios of areas and ñspits 
outò the ejection fraction

ÅEnd-diastole vs end-
systole
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Ejection Fraction

ÅCalculation

100
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*
-

---
=

=

volumediastolicEnd

volumeStroke
EF

volumediastolicEnd

volumesystolicEndvolumediastolicEnd
EF

EFFractionEjection
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ÅEF is small in heart failure

ÅEF may be large in well-conditioned 

people

ÅMay be normal if both volumes decrease 

proportionately ïdiastolic dysfunction 

causing impaired filling of LV

Ejection Fraction
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ANP and Pre-eclampsia

ÅPre-eclampsia = hypertension, edema and 
proteinuria in the last trimester ïapproximately 
5% of all pregnancies result in pre-eclampsia

Å[ANH] is elevated even though the plasma 
volume is increased in normal pregnancies

ÅANH doesnôt leadto hypertension, BUT is for 
homeostatic regulation, i.e., opens the kidneys 
up to excrete the overload of water and sodium 
ions in urine to aid in the recovery from cardiac 

and renal failure

49
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ANP and Pre-eclampsia
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Pre-Mature Atrial Contraction

ÅNote premature P wave

ÅSince is P, has to be atrial
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Atrial Flutter (with Secondarily Increased 

Ventricular Rate)

ÅAtria running at 300-350 bpm

ÅVentricular rate about 150 bpm

ÅNote saw-tooth or shark-tooth pattern
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Atrial Fibrillation with Secondarily Increased 

Ventricular Rate (Irregular)

ÅNote ñfinenessò of ñtremorò

ÅNote T waves, too
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Compare and Contrast Atrial 

Flutter (top) with Atrial 

Fibrillation (bottom)
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Valsalva Maneuver

ÅIs worth maybe 40 

Watts on a really 

good day

ÅCan be used to 

ñknockò the heart 

back into a normal 

rhythm
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First Degree Heart Block

ÅIncreased P to R interval ïsee arrows

ÅTime is greater than 0.20 seconds

ÅEach large square = 0.20 seconds (200 msec)
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Second Degree Block

Å Prolonged conduction

Å Beats ñdroppedò on occasion

Å See arrows

Å Below LEFT:  Mobitz I or Wenckebach ïP-R Interval lengthens and 

beat drops

Å Below RIGHT:  Mobitz II or Hay ïP-R Interval remains constant and 

beat drops
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Third Degree (Complete) Heart Block

ÅNO SA node stimulus to AV node

ÅSee arrows

ÅVentricular Rate approximately 30 bpm

ÅVentricular contraction due to ventricular pacing
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Premature Ventricular Contractions (PVCôs)

ÅDangerous when ñoffò the T wave

ÅDangerous when are 2 or more in a row

ÅDangerous when are 6 or more per minute (not everyone 

agrees on this)

ÅPVCôs every other beat is called bigeminy
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Ventricular Tachycardia ïaka flutter

ÅPrecursor to ventricular fibrillation; Rate above is 

between 150-250 bpm
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Torsades de Pointes

Å Torsades de pointes is a specific form of polymorphic VT in patients 

with a long QT interval. It is characterized by rapid, irregular QRS 

complexes, which appear to be twisting around the ECG baseline. This 

arrhythmia may cease spontaneously or degenerate into ventricular 

fibrillation.
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http://mstcparamedic.pbworks.com/w/page/21902876/Torsades%20de%20Pointes

http://patient.info/doctor/torsades-de-pointes

http://www.merckmanuals.com/professional/cardiovascular-disorders/arrhythmias-and-conduction-disorders/long-qt-syndrome-and-torsades-de-pointes-ventricular-tachycardia

It causes significant hemodynamic compromise and often death.  Diagnosis is 

by ECG. Treatment is with IV magnesium, measures to shorten the QT interval, 

and DC defibrillation when ventricular fibrillation is precipitated.



Ventricular Fibrillation

ÅInneffective, disorganized ventricular beating

ÅQuivering

ÅINCOMPATIBLE with life
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Asystole

ÅCardiac arrest

ÅOr electrodes have fallen off or been taken off
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Electromechanical Dissociation

Å EMD is old name

Å Now called Pulseless Electrical Activity (PEA)

Å Electrical system works ïmyocardium doesnôt

Å Monitor looks normal ïpatient has no pulse

Å Worthwhile to walk around and actively look at patients periodically

Å Resuscitative pharmacology includes: 
ï Epinephrine, 

ï Vasopressin, and 

ï Atropine (If the underlying rhythm is bradycardia (ie, heart rate < 60 bpm) associated with 

hypotension,). 

ï Sodium bicarbonate may be administered only in patients with severe, systemic acidosis, 

hyperkalemia, or a tricyclic antidepressant overdose. Routine administration is discouraged 

because it worsens intracellular and intracerebral acidosis and does not appear to alter the 

mortality rate. 
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Slow Idioventricular Rhythm

ÅNo pulse

ÅBeats are of ventricular origin

ÅNote lack of P waves
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Cardiac Disease Risk Factors
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Treadmill Testing (Bruce Protocol) 

for Potential Heart Disease
ÅBased on ñMETôsò

ÅA ñMETò = 3.5 ï4 mL O2 consumed/kg BW/minute at 
rest

ÅHas STOPPING CRITERIA:
ïAngina worse than usual

ïMental Confusion

ïDropping Systolic BP

ïArrhythmias

ïTarget Heart Rate Reached for Age

ïNausea, ashen pallor, cold skin

ïFatigue

ïNO increase in HR with an increasing work load

ïPatientôs request ïor demand, in some cases 68



Bruce Protocol

Stage Speed (mph) % Gradient Minutes METôs

I 1.7 10 3 5

II 2.5 12 3 7

III 3.4 14 3 9-12

IV 4.2 16 3 12-14

V 5.0 18 3 14-16°

VI 5.5 20 3 16
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Energy Cost in METôs

MET Example MET Example

1 Eating, resting, writing, 

knitting

6 Shovel snow, saw wood, 

walk 5 mph level

2 Driving (more or less), 

walking 2.2 mph

8 Level skiing at 4 mph, 

walking 5-6 mph level, 

cycling 13 mph

3 Self care (wash and 

dress self)

10 Fast downhill skiing, 

walking 5 mph uphill

4 Weeding, ballroom 

dancing, golf, walking 

level at 4 mph
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Myocardial Infarction
Å Lay term = ñheart attackò;  death of heart muscle from oxygen deprivation

Å Symptoms and Signs vary between the genders

Ç Women's major symptoms prior to their heart attack included:
Ç Unusual fatigue - 70% Sleep disturbance - 48%

Shortness of breath - 42% Indigestion - 39%

Anxiety - 35% Frequency varies by researcher/study!

Ç Major symptoms during the heart attack include:
Ç Shortness of breath - 58% Weakness - 55%

Unusual fatigue - 43% Cold sweat - 39%

Dizziness - 39% Frequency varies by researcher/study

Ç Women's symptoms are not as predictable as men's

Ç Women have more unrecognized heart attacks than men and are more likely to 
be, "mistakenly diagnosed and discharged from emergency departmentsò. 
McSweeney, JC et al. "Women's Early Warning Symptoms of Acute Myocardial Infarction," Circulation, 2003 Nov 25;108(21):2619-
23.

Ç Many physicians still don't recognize that women's symptoms differ from menôs 
symptoms!

Ç Menôs symptoms, which some women experience:
Ç Pressure, fullness or a squeezing pain in the center of the chest, which may spread to the neck, shoulder or 

jaw;

Ç Chest discomfort with lightheadedness, fainting, sweating, nausea or shortness of breath;

Ç Pain due to ñshorting outò of nerves across Vagus (X) and middle cervical nerves

ÅBesides using EKGôs to diagnose MIôs, clinicians can use lab 
tests, too, including external cardiology consults 71



ÅCK ïused to be CPK ïCreatine Phosphate Kinase

CK-BB ïBrain and Lung

CK-MM ïSkeletal Muscle

CK-MB ïCardiac Muscle

ÅCK ïregardless of fraction ïis used to catalyze the 
phosphorylation of creatine (C) to creatine phosphate 
(CP).

ÅCP then is used to phosphorylate ADP to ATP ïsee the 
significance?

MI ïLab Tests -- Classical

72



MI ïLab Tests -- Classical

Serum LDH Levels in Disease States

Fx Source MI Hepatitis PE Tumor Shock

LD1 RBC, heart, 

kidney
¬ 0 0 0 ¬

LD2 Heart ® 0 0 ¬ ¬

LD3 Lung 0 0 ¬ ¬ ¬

LD4 ? 0 0 0 ¬ ¬

LD5 Liver 0 ¬ 0 0 ¬
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MI ïLab Tests ïClassical, too

74



MI ïLab Tests ïCurrent Additions

Å Troponin I and T are structural components of cardiac muscle. They are 
released into the bloodstream with myocardial injury. They are highly 
specific for myocardial injury--more so than CK-MB--and help to exclude 
elevations of CK with skeletal muscle trauma. Troponins will begin to 
increase following MI within 3 to 12 hours, about the same time frame as 
CK-MB. However, the rate of rise for early infarction may not be as 
dramatic as for CK-MB.

Å Troponins will remain elevated longer than CK--up to 5 to 9 days for 
troponin I and up to 2 weeks for troponin T. This makes troponins a 
superior marker for diagnosing myocardial infarction in the recent past--
better than lactate dehydrogenase (LDH). However, this continued 
elevation has the disadvantage of making it more difficult to diagnose 
reinfarction or extension of infarction in a patient who has already 
suffered an initial MI. 

Å Troponin T lacks some specificity because elevations can appear with 
skeletal myopathies and with renal failure.

http://www.hallym.or.kr/~kdcp/chemistry/MI-Diagnisis.htm
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ÅMyoglobin is a protein found in skeletal 
and cardiac muscle which binds oxygen. It 
is a very sensitive indicator of muscle 
injury. The rise in myoglobin can help to 
determine the size of an infarction. A 
negative myoglobin can help to rule out 
myocardial infarction. It is elevated even 
before CK-MB. However, it is not specific 
for cardiac muscle, and can be elevated 
with any form of injury to skeletal muscle. 

http://www.hallym.or.kr/~kdcp/chemistry/MI-Diagnisis.htm

MI ïLab Tests ïCurrent Additions
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Low Level Stress Test ïpost-MI

Determines if you get to go home ï

need a minimum of 3 METôs to go home

Speed % Gradient Minutes METôs

1.2 0 3 2.14

1.2 3 3 2.34

1.2 6 3 2.74

1.7 6 3 3.30
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4th Universal Definition of MI:  

Nutshell Version

Spring 2020

Source 1:  Accessed 6-8 Jan 2020, https://www.acc.org/latest-in-cardiology/articles/2018/11/16/09/06/fourth-universal-

definition-of-mi

Source 2:  Accessed 6-8 Jan 2020, https://ahajournals.org/doi/10.1161/cir.0b013e31826e1058

https://www.acc.org/latest-in-cardiology/articles/2018/11/16/09/06/fourth-universal-definition-of-mi
https://ahajournals.org/doi/10.1161/cir.0b013e31826e1058


4th Universal Definition of MI:  Nutshell Version



Kristian Thygesen. Circulation. Third Universal Definition of 

Myocardial Infarction, Volume: 126, Issue: 16, Pages: 2020-2035, 

DOI: (10.1161/CIR.0b013e31826e1058) © 2012 American Heart Association, Inc.

Types 1 and 2 MIôs Illustrated



4th Universal Definition of MI:  Nutshell Version



Percutaneous Coronary Interventions

https://www.slideshare.net/WaseemAkramSiddiqui/basics-of-pci ... Accessed 8 Jan 

2020, 0547 hours PST

https://www.slideshare.net/WaseemAkramSiddiqui/basics-of-pci


PCI ïNon-Surgical ïStill Invasive

https://www.totallyvein.com/stent-placement/ é 

accessed 8 Jan 2020, 0530 hours PST ï

Angioplasty + Stent Placement = PCI

https://teleme.co/doctors/profile/zainal-hamid ... 

Accessed 8 Jan 2020, 0533 hours PST

https://www.slideshare.net/LadiAnude

ep/percutaneous-coronary-

intervention-99173322 ... Accessed 8 

Jan 2020, 0539 hours PST

https://www.totallyvein.com/stent-placement/
https://teleme.co/doctors/profile/zainal-hamid
https://www.slideshare.net/LadiAnudeep/percutaneous-coronary-intervention-99173322




Chronic Total Occlusion PCI

http://interventions.onlinejacc.org/content/11/7/615 ... Accessed 8 Jan 2020, 0552 hours PST

http://interventions.onlinejacc.org/content/11/7/615


Å Radiation skin injury

Å CTO PCIs are often long procedures with high patient (and operator) 

radiation dose (55). High radiation dose may lead to acute dermatitis of 

the exposed area that can progress to chronic skin ulcer and even 

require surgical intervention. In a study of 2,124 patients undergoing 

2,579 PCIs (including 238 CTO PCIs), a chronic skin ulcer developed in 

0.34% (9 patients, 5 of which were CTO PCIs with skin lesion onset after 

1 to 3 months of interventions) requiring surgical intervention in 8 of 

them (56). Most operators currently recommend stopping the procedure 

after reaching 7- or 8-Gy air kerma dose. It is also recommended to 

monitor the patient for radiation skin injury if >4- or 5-Gy air kerma dose 

is administered. With use of newer x-ray equipment, low cine and 

fluoroscopy frame rate, and meticulous attention to technique, radiation 

dose can be significantly reduced (57). Additionally, the use of 

disposable sterile radiation shields during CTO PCI can reduce operator 

radiation dose to levels similar to those of non-CTO PCIs (58).

Chronic Total Occlusion PCI

http://interventions.onlinejacc.org/content/11/7/615 ... Volume 11, Issue 7, April 2018;  Accessed 8 Jan 2020, 0555 hours PST

http://interventions.onlinejacc.org/content/11/7/615#ref-55
http://interventions.onlinejacc.org/content/11/7/615#ref-56
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Coronary Artery By-pass Graft ïBlood Supplies

CXA:  blood to LA, lateral 
wall LV, 
Inferior/diaphragmatic area 
of LV

LAD:  blood to anterior and 
apex of LV, anterior 2/3 of 
septum

RCA:  blood to SA node, RA 
and RV, 
inferior/diaphragmatic LV
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Arrhythmias Associated with MIôs -- 1

Left Coronary Artery Compromisation

ÅReduced Blood Flow (BF) to Anterior Muscle of 

LV

ÅCauses Anterior MI

ÅLeads to Secondary Compromisation

ÅE.g., Increased Heart Size, Increased Heart 

Rate

ÅTACHYarrhythmias:  Sinus and Atrial
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Right Coronary Artery Compromisation

ÅReduced BF to Upper Conduction System and 

to Inferior Region of LV

ÅCauses Inferior MI

ÅDue to Reduced BF, Nodes and Fibers Slow 

Down

ÅThis Causes BRADYarrhythmias:  Sinus, Nodal 

(Junctional) or Varying Degree of Heart Block
ï Junctional:  an abnormal heart rhythm resulting from impulses coming from a 

locus of tissue in the area of the AV node, the "junction" between atria and 

ventricles.

Arrhythmias Associated with MIôs -- 2
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Myocardial Infarction -- Anatomy

90

ÅñIschemia" goes 

along with 

symmetrical T-wave 

inversion (or 

elevation),

ÅñInjury" refers to 

abnormal ST-

segment changes

and

ÅñNecrosis" goes 

along with abnormal 

Q waves.



ST Elevation v Depression

91

Per ñcurrent-of-injuryò theory: 

ST-segment elevation occurs when 

the injured muscle is located 

between normal muscle and the 

corresponding electrode. 

ST-segment depression occurs 

when normal muscle is located 

between the injured tissue and the 

corresponding electrode.
a flow of current to (systolic 

current of injury) or from 

(diastolic current of injury)

the injured region of an 

ischemic heart, due to 

regional alteration in 

transmembrane potential

Electrode cap  Electrode wire  Electrode  

Gel Button  Chest Wall  Ribs  Injured Muscle

Healthy Heart Muscle
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Highlights of Elementary MI Diagnosis

Anterior MI Lateral MI Inferior MI ï

aka 

Diaphragmatic

Posterior MI

LAD 

Blockage

CXA 

Blockage

R or L CA 

Blockage

RCA Blockage

Q in V1, V2, 

V3, V4

Q in I and 

aVL

Q in II, III, aVF R in V1, V2ï

use mirror if = Q = PMI

V1 and V2 ST depression 

held to mirror and looks 

elevated = PMI

93



Anterior Infarcts -- Anterolateral

Å Significant Q wave is between a quarter to a third the height of the QRS 

complex 

Å or more than 1 mm wide (1 little square on EKG paper) 94



Strictly Anterior Infarct
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Apical Infarct

96



Antero-Basal 

Infarct
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Posterior Wall Infarcts ïStrictly  Posterior
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Posterior MI Diagnostic Trick

ÅPosterior infarcts are tricky to dx

ÅA mirror helps:  flip upside down and 

backwards to look at precordial leads

ÅS waves in normal presentation look like R 

waves in mirror

ÅR waves in normal presentation look like Q 

waves in mirror
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Posterior Wall Infarcts ïStrictly  Posterior

ÅFlipped and mirrored
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Postero-Lateral Infarct
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Postero-Inferior Infarct
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Postero-

Basal Infarct
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