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Source of Curriculum:

A Case Studies from Cardiac Catheterization an
Electrophysiology Labs, 19§®resent




Approximately 13,000 Cases between 1996 - Today

Wayne Ruppert and Dr.



Cardlac Cath Lab Advantage

Allows us to
CORRELATE
ECG leads
with
SPECIFIC
cardiac
% anatomic
AN  structures.




Electrophysiology Lab

EP Catheters within the heart used for Author Wayne Ruppert conducting Pace

obtaining theElectrogramd 4 KS a A Y USINGOWIA Y 3 RdzZNA Y3 9t &

9/ D€ 0 ¢ NI OA ymappihg/dd T 2 Mdspitdl Beart Institute, Pediatric

integral component of an EP study Electrophysiology Program, Tampa, FL in
2004
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1. Go to: www.ECGtraining.org
2. Select "Downloads PDF" from menu bar
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A First half of class (Part 1):

I 12 Lead ECG Basic Fundamentals

AElectrophysiology (Depolarization & Repolarization)
I Waveforms and Intervals Relevant to ACS

ACardiac Anatomical Correlations with 12 Lead ECG

A Second half of class (Part 2):
I ECG indicators of ACS

I Diagnosis of STEMI
AWith Wide QRS vs. Normal width QRS

AClinical Relevance: predicting specific complication
based on region of infarction.




Before we go
any farther,
you should

Know . . .




Sometimes,

ECGS
LIE to us |




ECGs and USED CAR SALESMI
often have MUCH In common !
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THE ECG in PERSPECTIVE:

PROBLEMS with ECG:

J SENSITIVITY

( FALSE NEGATIVES )

J SPECIFICITY

( FALSE POSITIVES )
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PROBLEMS WITH SPECIFICITY . . .

S-T SEGMENT ELEVATION - COMMON ETIOLOGIES:

L CONDITION:

- ACUTE INFARCTION (STEMI)

| [T POINT

]<1imm [

[|aBovE |
P-Q i

JUNCTION




PROBLEMS WITH SPECIFICITY .

S-T SEGMENT ELEVATION

- COMMON ETIOLOGIES:

/-

\
\
\
\

1]1< 1mm

J POINT

ABOVE
P-Q

JUNCTION

CONDITION:

* ACUTE INFARCTION

* HYPERKALEMIA

* BRUGADA SYNDROME
* PULMONARY EMBOLUS
* INTRACRANIAL BLEED
* MYOCARDITIS/

« L. BUNDLE BRANCH BLOCK
* PACED RHYTHM
 EARLY REPOLARIZATION &

"MALE PATTERN" S-T ELEV.




77 Years Male 7/2/2015 9:44:46

1North (06)

12 Lead; Standard Placement Unconfirmed Diagnosis

B . BIRUD RHIPHM. - ---ovoovvrsnnssvn s iine ins e s e e normal P axis, V-rate 50- 99
. RIGHT BUNDLE BRANCH BLOCK. . ... .....ocevmrnrnancnns QRSA>120, terminal axis(90,270)

152 . ANTEROLATERAL INFARCT, ACUTE. .......cuovuiuminnnennnenans Q >35ms, ST >0.20mV, V2-Vé

122
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33 >>> Acute MI <<< Requested by:
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Patient:

A Asymptomatic

A Troponin normal

A Cardiac Cath
angiography =
ay2 20adu0 .
[ 1 5 d¢g o=

A Discharge
diagnosis: |
EARLY REPOLARIZATION. This degree of ST Elevation in
early repolarization is VERY RARE: The only such ECG |
have seen In approximately 13,000 cardiac
catheterizations.




S-T SEGMENT DEPRESSION - COMMON ETIOLOGIES:

CONDITION:

3 POINT » RECIPROCAL CHANGES of
~1mm ACUTE MI

DEPRESSED * NON-Q WAVE M.I. ( NON-

BELOW P-Q STEMI )
JUNCTION

* OLD MI ( NECROSIS vs. ISCHEMIA )
* DIGITALIS
* R. BUNDLE BRANCH BLOCK




T WAVE INVERSION - COMMON ETIOLOGIES:

CONDITION:

* MYOCARDITIS
* ELECTROLYTE IMBALANCE

* HYPERVENTILATION

+ CARDIOACTIVE DRUGS

* OLD MI ( NECROSIS vs. ISCHEMIA )
* DIGITALIS

« R. BUNDLE BRANCH BLOCK

* NO OBVIOUS CAUSE




5SAaLAUS UKS 9/ L
Issues with
Lack of Sensitivity
&
Lack of Specificity,
The 12 Lead ECG remalins
one of our QUICKEST, most eost
efficient front-line Triage Tools
that we have today.




Sohow do we know when the ECG Is
telling us the truth ???




REMEMBER . . . . Keep the ECG Resuft in
PROPER PERSPECTIVE . . . .

HISTORY
& PHSYSICAL

HEART ﬁ
SOUNDS
SIGNS and
SYMPTOMS CARDIAC
REMEMBER . .. CATH
it's only
ONE PIECE
of the
DIAGNOSTIC

PUZZLE'!




[ 1 PRESENTING SYMPTOMS
[ 1 RISK FAGTOR PROFILE
[]

ECG ABNORMALITIES
[ 1 CARDIAG MARKERS

A POSITIVE finding in TWO or MORE of the
above categories indicates it is EXTREMELY
LIKELY that ACS is present.... steps must
be AGGRESSIVELY TAKEN to definitively
RULE OUT the PRESENCE of ACS!




A We utilize ACS Ris
Stratification to
compensate for the
9/ DQa f |
sensitivity and
specificity, to aid us
In clinical decision
making and to
Improve our
diagnostic
accuracy.
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| HéART score fdr chest pa_in patients
History Highly suspicious 2

HEART ¥

Moderately suspicious

1
Slightly suspicious 0
ECG Significant ST-deviation 2

disturbance

Non specific repolarisation

/LBTB /PM

Normal

Age = 65 years

> 45 and < 65 years

< 45 years

Risk factors |2 3 risk factors or history of
atherosclerotic disease*

N O INO

1 or 2 risk factors

No risk factors known

Troponin 2 3x normal

limit

> 1 and < 3x normal limit

alpplol—

< 1x normal

limit 0

Total

*Risk factors for atherosclerotic disease:

Hypercholesterolemia
Hypertension
Diabetes Mellitus

Cigarette smoking
Positive family history
Obesity

46




C-Statistic scores achieved in this study:

HEART: 0.83
TIME: - 0.75
GRACE: 0.70

G-Statistic interpretation:

I A02NB 2F amonné g2 dz
outcome with 100% perfection. A score of 0.50
Aa O0KS alFrysS Fa | dapnky
LESS THAN 0.50 means that the score predicts
the opposite outcome.




1,070 observation unit patients at
Wake Forest

F out performed clinician gestalt !

Mahler et. al, Crit Path Cardiol, 2011
Mahler et. al, Int JCardiol, 2013




The HEART Score:

Score %0 MACE/n MACE Death Policy
pts
4-6 51% 413/3136 13% 1.3% Observation
Risk

management

49




Heart Score Reliabllity

HEART score reliably predicts endpoints

O 9 =3 @ 0 x @ M

mop=

a0

70

&0

al

40

30

20

10

4 5 & 7 a8 g 10
HEART score




Myocardial Electrophysiology




REVIEW of NORMAL ECG Waveforms:

P WAVE =
ATRIAL DEPOLARIZATION

QRS COMPLEX =
VENTRICULAR
DEPOLARIZATION
(contracting)

T WAVE =

VENTRICULAR
REPOLARIZATION
(recharging)




A TheJ Pointis
where the
QRS endand
the ST
Segment
Begins

The J Point

/
N\

J POINT




The ?

A The IS
where the
QRS endand

the ST /
Segment .
Begins \




THE S-T SEGMENT

¥>/ Extends from the
J POINT to the




THE S-T SEGMENT

SHOULD HAVE
A "SLIGHT POSITIVE"
INCLINATION




S-T SEGMENT

SHOULD BE
"CONCAVE" IN
SHAPE . ..




THE S-T SEGMENT

AS OPPOSED TO

"CONVEX" IN
( SHAPE

/

SHOULD BE
"CONCAVE" IN
SHAPE . ..




THE T WAVE

- SHOULD BE

A "NICE."
/N ROUNDED,

CONVEX SHAPE

- SHOULD BE SYMMETRICAL




THE T WAVE

- SHOULD BE

A "NICE."
/N ROUNDED,

CONVEX SHAPE

- SHOULD BE SYMMETRICAL

- SHOULD BE UPRIGHT IN ALL
LEADS, EXCEPT AVR




THE T WAVE

LEAD
N AVR

- REMEMBER, IN LEAD AVR
EVERYTHING

IS
"UPSIDE-DOWN™




Normal Variants:
T Wave Inversion

Leads where the T WAVE may be
INVERTED:

z Jnconfirme
I.-\CJ]S'. . . :
1 | - -
e it % ] e . e BE i EHBE




THE T WAVE

AMPLITUDE
/N GUIDELINES:

- IN THE LIMB LEADS, SHOULD BE
LESS THAN 1.0mv (10 mm)

- IN THE PRECORDIAL LEADS, SHOULD
BE LESS THANO.S5mv (5 mm)

* SHOULD NOT BE TALLER THAN R
WAVE IN 2 OR MORE LEADS.




The T Wave SHOULD NOT be:

Alnverted inTWO or moreCONTIGUOUS
LEADS

AHyperacuted 6t 2 Ay UG& ¢ (A LJ

ABiPhasidhalf above and half below
Isoelectric line)




The T Wave SHOULD NOT be:

Alnverted in CONTIGUOUS
LEADS

A Oat 2AYUeé¢ UAL
A (half above and half below
Isoelectric line)




The next slide shows an ECG
waveform withnormal J Points, ST
{SAYSyilua |yR ¢

¢l LbY hC ¢l L{ !'{ . h
[¢L/YE 2F gKFG | bh
look like !




The NORMAL ECG

S-TSEGMENT




Patients with normal QRS duration
(QRS < 12hs) :

ECG MARKERS of NORMAL PERFUSION

2T

ST SEGMENT: "MILD POSITIVE INCLINATION "]

J POINT ISOELECTRIC
T WAVE: SAME POLARITY AS QRS  «




ECG Indicators of NORMAL
myocardial perfusion include:

A J Point isoelectric, or withihmm of the
ISOELECTRIC LINE

A ST Segment has a slighsitive inclination
where ST Segment and T Wave merge, the
shape ICONCAVBbowed downward).

AThe T Wave i§PRIGHTin all leads except for
AVR), Is not taller thathe QRS$and isgently
roundedd bh ¢ AGLRAYUEELD D




ECG Indicators of NORMAL
myocardial perfusion include:

A J Point isoelectric, owithin of the
ISOELECTRIC LINE

A ST Segment has a slight inclination
where ST Segment and T Wave merge, the
shape Is (bowed downward).

AThe T Wave is (in all leads except
for AVR), Is not taller than ,and Is

Obh¢ aLRAYUEEDU




Q:

If the previous slide showed
what normal J Points, ST
Segments and T waves look
like, what Is ABNORMAL ?




Q: If the previous slide showed
what normal J Points, ST
Segments and T waves look
like, what Is ABNORMAL ?

A EVERYTHING ELSE 1!

(we get into many abnormal examples in
Part 2, after lunch!)




Digging a Little Deeper . . .

A The cellular level: Ventricular Myocardial Cell:




CARDIAC ANATOMY and PHYSIOLOGY "101"

CARDIAC CELLS AT REST have POSITIVE charged
IONS on the OUTSIDE of the cell membrane, and
NEGATIVE charged IONS on the INSIDE

Ca++ Na+ Ca++ Na+ Ca++

Cl- Cl- K+ Cl- K+ CIl- K+ CI-

Ca++ Na+ Ca++ Na+ Ca++




CARDIAC ANATOMY and PHYSIOLOGY "101"

. . When the IONS shift...

that is, the POSITIVE

IONS that were on the outside TRADE PLACES with
the NEGATIVE IONS that were on the INSIDE....

—

e

F

‘

- Cl- Cl- K+ CI-

OG-

——tp ++Ca++ Na+ Ca++ Na

ariwayiy

- Cl- Cl- K+ CI-

T

D

THE CELL CONTRACTS'




CARDIAC ANATOMY and PHYSIOLOGY "101"

THIS (OF COURSE) IS KNOW AS . ..
DEPOLARIZATION

WHEN EVERYTHING IS WORKING
PROPERLY, THE WAVE OF
DEPOLARIZING CELLS CAUSES THE
HEART TO CONTRACT, AND PUMP
BLOOD TO THE LUNGS AND

THE SYSTEMIC CIRCULATION




Depolarizationon the ECG:

Als represented by th& RS Complex




QRS Complex = Ventricular Depolarization




CARDIAC ANATOMY and PHYSIOLOGY "101"

AFTER DEPOLARIZATION, THE CELLS RELAX.
THE IONS RETURN TO THEIR ORIGINAL POSITIONS --

THIS PROCESS IS KNOWN AS REPOLARIZATION

-GG

Cl- K+ Cl- Cl-

(-0

Cat++ Na+ Cat++ Na+




Repolarizationon the ECG:

Als represented by the:
I J Point
I ST Segment
I T Wave




\ N

J Point, ST Segment & T Wave =
Ventricular Repolarization




From the QRS to the end of the T Wave = QT Interva

\ N

J Point, ST Segment & T Wave =
Ventricular Repolarization

QRS Complex = Ventricular Depolarization




1!.1 1 1.

VENTRICULAR MUSCLE CELL ACTION POTENTIAL

ACTION
POTENTIAL
THRESHOLD VOLTAGE
" TRIGGER POINT "
ECG QT

THE ACTION POTENTIAL
( OF VENTRICULAR MUSCLE CELLS )

IS ROUGHLY EQUAL TO
THE Q-T INTERVALS3




ECG Intervals:




P-R Interval

A The PR Interval
should be
betweenl1l20
200ms, (which is
3¢ b little

sguares). AL




P-R Interval

A The PR Interval
should be
between @ -

ms, (which is
3¢ b little

sguares). o




QRS Duration (width):

A The Normal QRS
should be NO
WIDER than |
120ms (3 little
sguares).




QRS Duration (width):

A The Normal QRS
should be NO
WIDER than |

ms (3 little
sguares).




QRS Duration (width):

AIf the QRS is WIDER than 120ms, it indicates
the VENTRICLES B¥ePOLARIZING
ABNORMALLY

A If the Ventricles are DEPOLARIZING
ABNORMALLY, It causes them to
REPOLARIZE ABNORMALLY.




QRS Duration (width):

AIf the QRS is WIDER than 120ms, it indicates
the VENTRICLES are

A If the Ventricles are DEPOLARIZING
ABNORMALLY, It causes them to




QRS Duration (width):

AWhen theVENTRICLES REPOLARIZE
ABNORMALLdAue to the QRS being TOO
WIDE, it often causegsHANGES to the:

I J Point
I ST Segment
I T Wave

A These changes are known $scondary
Repolarization Abnormalities




QRS Duration (width):

AWhen theVENTRICLES REPOLARIZE
ABNORMALLdAue to the QRS being TOO
WIDE, it often causegsHANGES to the:

'|'
A These changes are known $scondary
Repolarization Abnormalities




The J Point

TheJ Pointshould be || ‘

WITHIN 1mm

of the ISOELECTRIC

LINE ify most, but R N
not all Leads. B : I/ | -




The J Point

TheJ Pointshould be || ‘
WITHIN

of the ISOELECTRIC ||}
LINEIn most, but N rAREA

. |
not all Leads. B : I/ | -




12 Lead ECG:
Proper Lead Placement




Obtaining the 12 Lead ECG

STANDARD LEAD PLACEMENT ---
12 LEAD ECG

4 th INTERCOSTAL SPACE

V4 is at 5th INTERCOSTAL
SPACE. V5 & V6 are on the
SAME HORIZONTAL PLANE.

- PATIENT SHOULD LAY
AS FLAT AS POSSILVE

- LIMB LEADS SHOULD BE

@ PLACED AS DISTALLY
AS POSSIBLE




Obtaining the 12 Lead ECG

A Limbleads should be on the limbs.




Obtaining the 12 Lead ECG

A Limbleads should be on the limbs.

I To minimize muscular artifact, place leads over
bone (e.g. Tibia) or places with minimal muscle
(palmar aspect [underside] of wrist)




Obtaining the 12 Lead ECG

RecentAHA/ACC/HRS literature indicates
QRS AMPLITUDE, Q WAVE DURATION, AXI:

and WAVEFORM DEFLEC

ION can be altere

when limb leads are placed on the patient's
torso (MasonLikarlead placement).

Thereforeevery effort should be made to
place limb leads on the limbs.




AHA/ACC/HRS Scientific Statement

Recommendations for the Standardization and
Interpretation of the Electrocardiogram
Part I: The Electrocardiogram and Its Technology

L=

affected by monitoring lead placement

L= -

; however. tracings that
use torso electrodes differ in 1mportant ways from the
standard 12-lead ECG. In addition to body position differ-
ences that attect the ECG, ' monitoring electrodes placed on
the trunk do not provide standard limb leads, and distortion of
the central terminal alters the augmented limb leads and the
precordial leads.!'%-"! Tracings with Mason-Likar and other
alternative lead placement may affect QRS morphology more
than repolarization compared with the standard ECG: these
differences can include false-negative and false-positive in-
farction criteria.®-''2 Motion artifact of the limbs is a partic-
1lae mealhlAame FAae soaitinn sacaediao 2m Aamantac soafant el

Kligfield et al Standardization and Interpretation of the ECG, Part |




AHA/ACC/HRS Scientific Statement

Recommendations for the Standardization and
Interpretation of the Electrocardiogram
Part I: The Electrocardiogram and Its Technology

Recommendations

ECGs recorded with torso placement of the extremity elec-
trodes cannot be considered equivalent to standard ECGs for
all purposes and should not be used interchangeably with
standard ECGs for serial comparison. Evaluation of the effect

nt tnren nlacremeant nf limh leade on vravieform amnlitnidec and

Kligfield et al Standardization and Interpretation of the ECG, Part 1




Obtaining the 12 Lead ECG

A Limbleads should bevlacedon the limbs

A When emergency circumstances dictate that
limb leads be placed on patient's torso, the
words "LIMB LEADS ON PATIENT'S TORSO
shouldbe noted on the ECG.




Obtaining the 12 Lead ECG

A Limbleads should benlaced

A When emergency circumstances dictate that
limb leads be placed on patient's torso, the

wordsa YWY wwyyyyyypypyywu
should be noted orthe ECG.




CORREead placement:

) Chest Lead Placement

, ’ 4 th INTERCOSTAL SPACE
V4 is at 5th INTERCOSTAL
— SPACE. V5 & V6 are on the
SAME HORIZONTAL PLANE.
AAL
MAL

4




INCORREOEad placement:

V4 V2] \a Chest Lead Placement

V4
[ V5

V6

4 th INTERCOSTAL SPACE
Q ‘y .-
K] {1
V4 is at 5th INTERCOSTAL
- SPACE. V5 & V6 are on the
SAME HORIZONTAL PLANE.
AAL
MAL

b




AHA/ACC/HRS Scientific Statement

Recommendations for the Standardization and
Interpretation of the Electrocardiogram
Part I: The Electrocardiogram and Its Technology

= i 1 L=

the often profound alterations in waveforms that can result
from precordial electrode misplacement.?>8¢ A common error
is superior misplacement of V, and V, in the second or third
intercostal space. This can result in reduction of initial
R-wave amplitude in these leads, approximating 0.1 mV per
interspace, which can cause poor R-wave progression or
erroneous signs of anterior infarction.®” Superior displace-
ment of the V, and V, electrodes will often result in rSr’
complexes with T-wave inversion, resembling the complex in
lead aVR. It also has been shown that in patients with low
diaphragm position, as in obstructive pulmonary disease,3889

Kligfield et al Standardization and Interpretation of the ECG, Part |




CORREead placement:

) Chest Lead Placement

, ’ 4 th INTERCOSTAL SPACE
V4 is at 5th INTERCOSTAL
— SPACE. V5 & V6 are on the
SAME HORIZONTAL PLANE.
AAL
MAL

4
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INCORREOEad placement:

V4 V2] \a Chest Lead Placement

V4
[ V5

V6

4 th INTERCOSTAL SPACE
Q ‘y .-
K] {1
V4 is at 5th INTERCOSTAL
- SPACE. V5 & V6 are on the
SAME HORIZONTAL PLANE.
AAL
MAL

b
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Leads V1 & V2 on 12 Lead ECG

A Proper lead placement of precordial Leads V1
and V2 aredth intercostal spaceon opposite
sides of the sternum.

A Incorrect placement of Leads V1 and V2 will
resultin the presence of Q Wavdshdicator
of necrosis)eading to misdiagnosis of
previous anterior/ septal infarction.




Leads V1 & V2 on 12 Lead ECG

A Proper lead placement of precordial Leads V1
and V2 are on opposite
sides of the sternum.

A Incorrect placement of Leads V1 and V2 will
resultin the presence of Q Wavdshdicator
of necrosis)eading to misdiagnosis of
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The 12 Lead ECG . . .
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THE POSITIVE ELECTRODE

IS THE "EYE" . . .




CURRENT MOVING
TOWARD THE EYE

(POSITIVE ELECTRODE)

RECORDS AN

| "UPWARD"
/ \ DEFLECTION




CURRENT MOVING
AWAY FROM

THE EYE
( POSITIVE ELECTRODE )

LEAD

_l/ AVR

RECORDS A

| "DOWNWARD"
/ \ DEFLECTION




Imagine a body made of clear
glass, with only a HEART
Inside. We dip this body In
liguid chocolate, and then
scratch holes In each spot
where we normally place the
ECGleads. .. ..




What part of the HEART
would each lead SEE ?

THE POSITIVE ELECTRODE

<>

15! THE “EYE™ . . .




L
I, I, AVF

AREAS VIEWED
by 12 LEAD ECG

AVR

AVL, |

V1, V2

V3, V4

V3, V6

II, 11l, AVF

Fill in the
blanks as
we
proceed!




THE POSITIVE ELECTRODE

<>

What each of the 12
[ SIF R4 aasSs;
detall . . ..




Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

VI, V2 - ANTERIOR / SEPTAL
V3, V4 - ANTERIOR

RUPPERT, WAYNE ID: 7445683659 05-0CT- JOHNS-HOPRINS UNIV.

38 Vrs Vent. Rate: 68  NORMAL 9INUS RHYTHM
MALE PRInt:  160ms  NormalE
ORS: 100ms  Very Healthy Athletic EKG !

AVR

/

ANTERIOR
CHEST ViV2 V3 V4

WALL

jiupe




LEADS V1 -V3 view the

POSTERIOR WALL

via RECIPROCAL CHANGES.




HOW EKG VIEWS INDICATIVE CHANGES

EXAMPLE: |

AREA OF ACUTE INFARCTION - ANTERIOR/SEPTAL

_ PATIENT'S BACK

EKG sees S-T ELEVATION

ECG LEAD V2

PATIENT'S CHEST U u




HOW EKG VIEWS RECIPROCAL CHANGES
EXAMPLE:
AREA OF ACUTE INFARCTION - POSTERIOR WALL

_— PATIENT'S BACK

EKG sees S-T DEPRESSION

ECG LEAD V2

PATIENT'S CHEST




If we put ECG leads on the BACK

of a PATIENT who is having an
ACUTE POSTERIOR WALL MI.....

PATIENT'S BACK

EKG sees S-T ELEVATION

ECG LEADS: V7,V8 or V9

PATIENT'S CHEST




Leads ViV4.

AV1c V4 view theANTERIOR WADE the Left
Ventricle.

AV1 and V2 also view tHeEPTAL WALL

AV1c V3 view thePOSTERIOR WAli&
Reciprocal Changes.




Leads ViV4.

AV1c V4 view the of the Left
Ventricle.

A V1 and V2 also view the

AV1c V3 view the via

Reciprocal Changes.




/

ANTERIOR
CHEST viv2

WALL

of the LEFT VENTRICLE

'RUPPERT, WAYNE  ID: 7445683659 05-0C7-2006  JOHNS-HOPINS UNIV.
b 138 Yrs Vent.Rate: 68  NORMALSINUS RHYTHM
=g=\[G | MALE PRInt:  160ms  Normal EKG
QRS: 100ms  Very Healthy Athletic EXG!
V5= |1 AR vi THEN |
I wM W
h ."TL '—JL = H m




Leads V5 & V6:

AV5 & V6 view th& ATERAL WALGJSf the Left
Ventricle.




Leads V5 & V6:

AV5 & V6 view the of the Left

Ventricle.




Leads | & AVL View: Proximal Lateral / Anterior Wall

1D: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.

Venl. Rate: 68 NORMAL SINUS RHYTHM
P-R Int.: 160 ms Normal EKG

QRS: 100 ms Very Healthy Athletic EXKG !




OCCLUSION of DIAGONAL ARTERY

LEFT MAIN CORONARY ARTERY

AV E

i IL'[;\\

ANTERIOR VIEW

OCCLUSION of RAMUS ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ARTERY

ANTERIOR VIEW

' \ ARTERY

- CIRUMFLEX
ARTERY

DIAGONAL

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ARTERY

OCCLUSION of OBTUSE MARGINAL ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

1st OBTUSE
MARGIMNAL
ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ARTERY

ANTERIOR VIEW



Leads | and AVL:

ALeads | and AVL view tRROXIMAL aspeof
the LATERAGNAANTERIORVALLS

Al and AVL can be associated with EITHER the
LATERAL WALIhe ANTERIOR WALAr BOTH
the LATERAGANAANTERIOR WALLS




Leads | and AVL:

ALeads | and AVL view tRROXIMAL aspeof

the and WALLS
Al and AVL can be associated with EITHER the
. the . or BOTH

the and




LEADS I, 1ll, and aVF VIEW
INFERIOR WALL of the LEFT VENTRICLE

¢
RUPPERT, WAYNE ID: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.
38 Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal EKG
ORS: 100ms  Very Healthy Athletic EKG !
Ll ¢ * I AVR vi v4 1 1

AVL

e

AVF

\ FED by the RCA ( 75-80 % pop )
’ [\ ’ 1\ or the CIRCUMFLEX (10-15%)

[L




Leads I, lll, and AVF:

A Leads, Il, lll, and AVF view th&ERIOR WALL
of the Left Ventricle.




Leads Il, Ill, and AVF:

A Leads, Il, lll, and AVF view the

of the Left Ventricle.




Lead AVR Views the BASILAR SEPTUM (region of the Bundle of His).

RUPPERT, WAYNE ID: 7445683 159

38Yrs Vent. Rate:

MALE P-R Int.: 160 ms
QRS:

AVL

[

05-0CT-2006 JOHNS-HOPKINS UNIV.
68 NORMAL SINUS RHYTHM

Normal EKG

100 ms Very Healthy Athletic EKG !

V1

v4

V2

V3

Lo
SR

AVF

L

V3

.

L




LEFT CORONARY ARTERY SYSTEM

LEFT BUNDLE
BRANCH

BUNDLE OF

RIGHT BUNDLE HIS

BRANCH
l e

'“ﬁ-h____hh

| \ [

DIAGONAL
BRANCHES

Q
=2

ANTERIOR VIEW




Lead AVR:

A Lead AVR views tH@ASILAR SEPTUM.

A TheBASILAR SEPTUKthe area where the
BUNDLE of HIS typically located.




Lead AVR:

A Lead AVR views the

A The is the area where the
IS typically located.




Lead AVR:

A ST Elevation in Lead AVR during Acute STE
IS assoclated witlLEFT MAIN CORONARY

ARTERWWDbstruction, which has a5%
mortality Rate.

A ST Elevation of Lead AVR when STEMIQS
present is often associated WitCRITICAL

TRIPLE VESSHdease, and/or CRITICAL
OCCLUSION of thé=FT MAIN CORONARY

ARTERYyoth require Coronary Artery Bypass
Graft (CABG) Surgery!!




Lead AVR:

A ST Elevation in Lead AVR during Acute S
IS associated with

obstruction, which has a_ %

mortality Rate.

A ST Elevation of Lead AVR when STEMIGS
present is often associated with
disease, and/or CRITICAL
OCCLUSION of the
. both require Coronary Artery Bypass
Graft (CABG) Surgery!!




Venl. rate 4 BPM
PR interval 130 ms
QRS duration 06  ms
er'f'l:!'l'c 396/408 ms
P-R-T axes 40 11 fl
Referred by:

Narmal sinus rhythm
Normal ECG
No previous ECGs available

“> PROXIMAL LATERAL
 or PROXIMAL ANTERIOR

lx_—_.a_ﬁ\_._r"\—.—m—-ﬂq,l Lol
,

~ BASILAR SEPTUM

(Bundle of His regmn) :
]Ir_w% |rvw||'ﬁ“” i
AVR |

| ANTERIOR / SEPTAL
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ANTERIOR_ | SEPTAL

INFERIOR LATERAL
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What REGION of the HEART does EACH LEAD VIEW ? ?

I:ead | views:

Lead AVR views: Lead V1 views:

Lead V4 views:

|'| f|

|
I

S | l'x.rf'\—- - --fx.,["-~"‘~—--~—-—f -]lr"\f = -—V’;l.f'v-—“—v”_lf"“v-— ) e -——«-ﬂl l,/"“'a—’" «J"r "\______,xJ'LH_/‘"x — ,J!{.Jﬂ"‘_ SEE
1 avR | i Vi | .'. | [v4

Lead Il views: Lead AVL views: Lead V2 views: Lead V5 views:

| I‘ l r‘ .'| ! I | |
‘\-'---—"\Ju—-/\u-a-.._/\JL_/’K.M A o | G, | ¥ ] —~ / \‘—-.__.a-u‘ I‘\»—a.._mu| N D) | ST RS f\-.krf\r- =
1 aVL v2 | \E

Lead Ill view: Lead AVF views: Lead V3 views: Lead V6 views
\_"“"'\Fﬁll‘,--"'f“- ‘—1—-—1‘\,,.-'“..-1-""\.-. Bt _L—--—A —"\-rlf-—’/\"‘"'—"“’-\-“L"“'f\_'_ __/\Jli{r-/l. — \J" I,-/‘Il\-——-._.,_ f\.'| ——__\_,_\_.Illl_ /‘-\_______‘_, __‘l |‘-_J/ — )
I ' aVF v3 | | | ve




*
i1, I, AVF

AREAS VIEWED
by 12 LEAD ECG

AVR ' BASILAR SEPTAL

AVL, | PROXIMAL
LATERAL-ANTERIOR

VI,VZ' ANTERIOR
SEPTAL

POSTERIOR (recip.)

V3, V& ANTERIOR

W V8 | ATERAL

I, 1ll, AVF INEERIOR




AREAS VIEWED
by 12 LEAD ECG

AVR

AVL, |

V1, V2

V3, V4
W, Vb

Il Ill, AVF




THE 12 LEAD ECG HAS TWO MAJOR BLIND SPOTS..

CHEST LEADS V1- V6
WHAT EACH LEAD "SEES'...

POSTERIOR WALL

V6| LATERALWALL

VS LATERALWALL

V4 ANTERICR WALL

V3 ANTERIOR WALL

VR V2IIANTERO-SEPTAL

V1P ANTERO-SEPTAL




The TWO major BLIND SPOTS C
the 12 Lead ECG are the
POSTERIOR WAdnNd the

RIGHT VENTRICLE




The TWO major BLIND SPOTS C
the 12 Lead ECG are the
and the




THE 18 LEAD ECG COVERS THE ENTIRE HEART ..

CHEST LEADS V1-V6 aums VAR, V5R, V6R, and
WHAT EACH LEAD “SEES” . . . V7,V8, V9

VO POSTERIOR WALL
V8 POSTERIOR WALL
POSTERIOR WALL

27 N\ LATERAL WALL

7 { B o LATERAL WALL
» WL N V4 ANTERICR WALL

EY % |

.ﬁ ' V3 ANTERIOR WALL

‘ Vs A . ANTERO-SEPTAL

ANTERG-SEPTAL

'V4R RIGHT VENTRICLE
V5R | RIGHT VENTRICLE
 V6R RIGHT VENTRICLE




To do 18 Lead ECG with 12 Lead machine 1 after you
obtain 12 Lead, reposition CHEST LEADS to this
configuration, then print !

HOW TO REPOSITION 6 CHEST LEADS to
OBTAIN 3 RVENTRICLE and 3 POSTERIOR LEADS

MOVE LEFT PARASPINAL
V1 to VAR POSTERIOR AXILLARY LINE MOVE:
| V2 to VSR MIDAXILLARY LINE V4 to V7
| V3 to V6R — Ll V5 to V8
= | V6 to Vo
fvf*\w — 4

o A ‘%M\% | i

V6 V7 V8 V9

ANTERIOR VIEW POSTERIOR VIEW




LEAD PLACEMENT for obtaining

RIGHT VENTRICULAR ECG:

V4R 1 V6R




The INDICATION for obtaining a
RIGHT VENTRICULAR ECG IS

INFERIOR WALL STEMI




The INDICATION for obtaining a
RIGHT VENTRICULAR ECG IS




LEAD PLACEMENT for obtaining a
POSTERIOR ECG.

Leads
V71 V9




The INDICATION for obtaining a
POSTERIOR LEAD ECG is
ST Depression in Leads-V4.




The INDICATION for obtaining a
POSTERIOR LEAD ECG Is




Coronary Artery Anatomy




THE CORONARY

163

ARTERIES



There are MUTLITPLE anatomic
variations in Coronary Artery
Anatomy.

This curriculum reviews the TWO
most common, which account for
approximately 90% of the

population.







12 Lead
1 1 0

ECG becc




INTERPRET THE EKG, THEN:

IDENTIFY THE AREA OF THE
HEART WITH A PROBLEM...

RECALL THE ARTERY WHICH
SERVES THAT REGION. ..

RECALL OTHER STRUCTURES
SERVED BY THAT ARTERY...

ANTICIPATE FAILURE OF
THOSE STRUCTURES. ..




Vi- V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

VI, V2 - ANTERIOR / SEPTAL
V3, V4 - ANTERIOR

RUPPERT, WAYNE ID: 7445683659 05-0CT- JOHNS-HOPRINS UNIV.
3BYrs Vent. Rate: (7] NORMAL US RHYTHM
MALE P-R Int.: 160 ms Normal E

QRS: 100 ms Very Hea Athletic EKG !

AVR V1 4

/

ANTERIOR
CHEST ViV2 V3 V4

WALL | ‘|‘

AVL V2 V3

AVF Va l I

[Lf

Leads VX V4 are associated with the Left Anterior Descending Artery




LEFT ANTERIOR DESCENDING ARTERY

BUNDLE OF

RIGHT BUNDLE HIS
BRANCH

LEFT BUNDLE
BRANCH

DIAGONAL
BRANCHES

ANTERIOR VIEW




cutaway view of the

&~ SUPPLIES APPROX. 45% of the LV MUSCLE MASS

RIGHT CORONARY
ARTERY (RCA)

Lo jan

[LEFT MAIN CORONARY ARTERY (LMCA)

RIGHT DOMINANT
SYSTEM

CIRCUMFLEX
(CX) ARTERY




Left Anterior Descending Artery

The LAD supplies blood to the ANTERIOR and
SEPTAL walls, and includes the following
CRITICAL STRUCTURES:

A Approximately45%of the Left Ventricle
A Bundle of His
A Bundle Branches




Left Anterior Descending Artery

The LAD supplies blood to the ANTERIOR and
SEPTAL walls, and includes the following
CRITICAL STRUCTURES:

A Approximately ___ of the Left Ventricle
A
A




/

ANTERIOR
CHEST viv2

WALL

of the LEFT VENTRICLE

'RUPPERT, WAYNE  ID: 7445683659 05-0C7-2006  JOHNS-HOPINS UNIV.
b 138 Yrs Vent.Rate: 68  NORMALSINUS RHYTHM
=g=\[G | MALE PRInt:  160ms  Normal EKG
QRS: 100ms  Very Healthy Athletic EXG!
V5= |1 AR vi THEN |
I wM W
h ."TL '—JL = H m




CIRCUMFLEX ARTERY

ANTERIOR VIEW




CIRCUMFLEX ARTERY

SINUS NODE

RV

ANTERIOR VIEW




cutaway view of the

&= SUPPLIES 20 -30 % of the LV MUSCLE MASS

RIGHT DOMINANT

.‘,’” SYSTEM

RIGHT CORONARY
ARTERY (RCA)

LEFT MAIN CORONARY ARTERY (LMCA)

LEFT ANTERIOR DESCENDING (LAD) ARTERY (below LMCA)




Circumflex CX Artery

In patients with a Right Dominant coronary
artery system, the Circumflex supplies blood to:

A Approximately 2030% of the Left Ventricle,
which includes:
| Lateral Wallof Left Ventricle
I ApproxY2 of Posterior Wall

A On rare occasion, th&INUS NODE




Circumflex CX Artery

In patients with a Right Dominant coronary
artery system, the Circumflex supplies blood to:
A Approximately 2030% of the Left Ventricle
which includes:
I of Left Ventricle

'|'
A On rare occasion, the




LEADS I, 1ll, and aVF VIEW
INFERIOR WALL of the LEFT VENTRICLE

¢
RUPPERT, WAYNE ID: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.
38 Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal EKG
ORS: 100ms  Very Healthy Athletic EKG !
Ll ¢ * I AVR vi v4 1 1

AVL

e

AVF

\ FED by the RCA ( 75-80 % pop )
’ [\ ’ 1\ or the CIRCUMFLEX (10-15%)

[L







